
Citation: Perry, M.A.; Jones, B.;

Jenkins, M.; Devan, H.; Neill, A.;

Ingham, T. Health System Factors

Affecting the Experience of

Non-Invasive Ventilation Provision

of People with Neuromuscular

Disorders in New Zealand. Int. J.

Environ. Res. Public Health 2023, 20,

4758. https://doi.org/10.3390/

ijerph20064758

Academic Editor: Olav Muurlink

Received: 16 January 2023

Revised: 27 February 2023

Accepted: 6 March 2023

Published: 8 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

Health System Factors Affecting the Experience of
Non-Invasive Ventilation Provision of People with
Neuromuscular Disorders in New Zealand
Meredith A. Perry 1,* , Bernadette Jones 2,3 , Matthew Jenkins 1, Hemakumar Devan 1 , Alister Neill 2,4

and Tristram Ingham 2,3

1 Centre for Health, Activity and Rehabilitation Research (CHARR), School of Physiotherapy,
Dunedin 9016, New Zealand

2 Department of Medicine, University of Otago—Wellington, Wellington 6242, New Zealand
3 Foundation for Equity & Research New Zealand, Wellington 6147, New Zealand
4 Department of Respiratory Medicine, Te Whatu Ora Capital, Coast and Hutt Valley,

Wellington 6140, New Zealand
* Correspondence: meredith.perry@otago.ac.nz; Tel.: +64-0212795357

Abstract: Non-invasive ventilation (NIV) is a critical therapy for many patients with neuromuscular
disorders (NMD), supporting those with respiratory failure to achieve adequate respiration and
improve their quality of life. The aim of this study was to explore the experiences of access to,
consent, uptake, maintenance and safe use of non-invasive ventilation by people with NMD. Semi-
structured individual interviews were conducted with 11 people with NMD, each using NIV for more
than 12 months. A critical realism ontological paradigm with contextualism epistemology guided
the Reflexive Thematic Analysis. An Equity of Health Care Framework underpinned the analysis.
Three themes were interpreted: Uptake and informed consent for NIV therapy; Practicalities of
NIV; and Patient-clinician relationships. We identified issues at the system, organization and health
professional levels. Conclusions: We recommend the development of national service specifications
with clear standards and dedicated funding for patients with NMD and call on the New Zealand
Ministry of Health to proactively investigate and monitor the variations in service delivery identified.
The specific areas of concern for patients with NMD suggest the need for NMD-related NIV research
and service provision responsive to the distinct needs of this population.

Keywords: qualitative; neuromuscular disorders; non-invasive ventilation; equity; health systems;
healthcare quality variation

1. Introduction

A major concern for people living with neuromuscular disorders (NMD) is the as-
sociated respiratory muscle weakness and chronic respiratory failure, which occur over
time [1,2]. Respiratory failure is often first noticeable during sleep, when the drive to
breathe is lower and the upper airway more collapsible. This can elicit symptoms of fatigue,
headaches and day somnolence [3]. With disease progression, respiratory failure may also
occur during the daytime, severely restricting activities of daily living and resulting in
repeated hospital admissions for respiratory infections [3,4]. Such failure can cause serious
health consequences and represents a major source of morbidity and mortality in people
with NMD [4,5]

Non-invasive ventilation (NIV) is the gold standard treatment for chronic respiratory
failure that can be delivered during sleep (via nose or mouth and nose interface) and
in the daytime (via mouthpiece or nose interface) [6]. Research has shown that NIV
reduces the need for hospitalization and increases survival among people living with some
neuromuscular disorders [7–11]. In addition, research has demonstrated NIV use improves
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sleep quality [12,13], energy levels [14], mental and psychosocial functioning [15] and
quality of life [7,9].

Early diagnosis and timely access to NIV influences an individual’s quality of life
and quality of experience using the equipment itself [16,17]. Our previous research has
shown that large regional and ethnic variations in access to NIV exist in New Zealand,
irrespective of the underlying diagnosis [18]. The reasons for our findings are unclear.
However, barriers or failures within the health system are likely contributing factors to
this problem. We hypothesize that these barriers to access to NIV may relate to diagnosis,
availability of equipment resources and funding, consistency and quality of care provided
to establish therapy and maintenance of quality therapy. Furthermore, timely initiation of
therapy early in respiratory failure is difficult both due to the non-specific symptomatology
(e.g., asymptomatic, or fatigue and/or headaches) and lack of systematic screening for
respiratory failure amongst patients.

To date, limited international research has explored why variations in access to NIV
exist. Researchers in the USA have noted the complexity of determining NIV therapeutic
needs during the variable period of nocturnal hypoventilation preceding daytime hyper-
capnia, compounded by a lack of a definitive clinical test [4]. Evidence, predominantly
from Scandinavia and the UK, has suggested that funding and regional resource allocation
may negatively affect the training and confidence of health professionals and the variety of
equipment options health professionals can try when establishing and maintaining NIV
therapy [17,19–21]. In New Zealand, ethnicity, socioeconomic deprivation, and low levels
of education have been shown to independently predict decreased uptake and adherence
to continuous positive airway pressure (CPAP) in obstructive sleep apnea [22].

Experiences of access to NIV and quality of care from the patient’s perspective are
also limited. An international review synthesizing 32 papers identified issues related
to the clinician–patient relationship but was predominantly focused on the lived experi-
ence of NIV and only a third of the included papers specifically related to people with
NMD [17]. A survey of long-term community NIV users, with various health conditions,
from one region in New Zealand, identified benefits, but also a few broadly categorized
NIV treatment-related problems [14]. Chang (2010) [14] discussed that people with NMD
may need extra follow-up due to complications associated with extended NIV use and the
progressive nature of the conditions. Whether NIV ‘service provision was adequate’ was
variable within their cohort, a result which may have occurred partially based on clinical
conditions. However, only 7 (16%) of their 45-person quantitative survey had neuromuscu-
lar conditions [14] and the data from this survey is now 12 years old [14]. In short, research
has predominantly explored the ‘lived experience’ of NIV, including the transition from
non-invasive to invasive ventilation, rather than the practicalities of access to NIV-related
quality care, or featured the experiences of people with other types of respiratory failure,
such as obesity-related sleep apnea (OSA) and/or chronic obstructive pulmonary disease
(COPD), with or without the additional inclusion of people with NMD. Therefore, there
remains a lack of in-depth research into the specific healthcare experiences influencing NIV
access and uptake specific to people with NMD.

While some of the barriers to accessing quality NIV healthcare and the burden of long-
term NIV will be similar across NIV cohorts, it is possible that some factors experienced by
people with NMD are distinct. For example, muscle weakness affecting the interface, mouth
closure and seal of the mask, ocular complications from air leaks into eyes that do not close
tightly; and arm weakness affecting the ability to independently don and doff the mask are
all possibilities of issues unique to this population. Differential ‘quality of NIV care’ arising
from these issues may result in inequitable health outcomes for people with NMD [18,20].
Indeed, our research has shown that, despite an increase in the overall prevalence use of
NIV in New Zealand, there has been a significant decrease in the prevalence of NIV use
among people with NMD between 2011 and 2018 [18]. We hypothesize that this difference
is attributable in some part to health system factors. An important means of understanding
system factors with respect to NIV access and use is by exploring experiences of patients.
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Indeed, New Zealand’s new Pae Ora (Healthy Futures) Act 2022 legislation requires the
involvement of consumers and whānau voices in service and planning [23].

The aim of this New Zealand-based study was to explore the healthcare experiences
of people with NMD in order to understand the impact that healthcare system factors have
on NIV access and use.

2. Materials and Methods
2.1. Research Design

A critical realism ontological paradigm with contextualism epistemology was used to
approach the research question [24]. Critical realism as a paradigm is increasingly used in
health services research to frame, identify and understand complex phenomena experienced
by individuals in interaction with their contexts [25]. It can identify mechanisms and
processes of the underlying structures and power dynamics that influence individual
experiences [26]. The contextualism epistemology acknowledges the sociocultural contexts
of the participants and privileges their sense-making of the healthcare setting.

Reflexive Thematic Analysis (RTA) guided the research process and data interpretation.
RTA is a robust methodology which embraces the analytical skills, theoretical assumptions
and knowledge of the data set theory and resources of the researchers when developing,
analysing, and interpreting themes across the data [24]. RTA is also a systematic method
suitable for health systems research that integrates the researchers’ analytical skills, their
knowledge of the data collected and understanding of the social and organizational factors
that occur in health system contexts. This reflexive method allows the researchers to coher-
ently interpret the diverse experiences of participants, identify the underlying mechanisms
and make meaningful recommendations to inform policy and practice.

The Consolidated Criteria for Reporting Qualitative Studies (COREQ) guide [27] was
used to ensure all requisite details of the research were presented. This study was approved
by the University of Otago Human Ethics Committee (Health Reference number H18/005).

2.2. Participants

People were included if they were adults aged 16 years old and older; users of bi-level
positive pressure non-invasive ventilation (NIV) for over 1 year and with a diagnosis
of an NMD. Participants were excluded if they were using continuous positive airway
pressure (CPAP) as CPAP is not generally considered NIV because it provides no inspiratory
muscle unloading and tidal ventilation remains completely dependent on the respiratory
muscles. Patients with motor neuron disease, myasthenia gravis and multiple sclerosis
were also excluded due to the different disease progression of these disorders, [28] but
also because the experiences of NIV within these types of NMD are more extensively
researched [17,29].

2.3. Recruitment and Data Collection

Participants were recruited via advertisements within the 16 public and private cen-
ters providing NIV in New Zealand, the Muscular Dystrophy Association New Zealand
(the nationally representative disabled persons’ organization supporting members with
over 70 forms of neuromuscular condition) and the Neurological Foundation (a non-
governmental organization supporting neurological research). No direct solicitation was
made by the research team; contacting the researchers was left to the discretion of the
individual. No participants refused to participate. All but two participants provided verbal
and written consent. Verbal consent only was anticipated and was accepted as a reasonable
accommodation outlined within our ethics protocol.

Purposive sampling was used to obtain a sample that include a range of ethnicities,
variable duration of NIV use, age and gender. Recruitment ceased when theoretical
saturation was determined [24].

Semi-structured interviews were conducted either in the homes of participants or over
Zoom video conference calls (Zoom Communications Inc., San Jose, CA, USA). Three care-
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givers attended interviews at the invitation of the participants with NMD. The caregivers
ensured the physical and emotional wellbeing of the participants and contributed to data
collection by providing prompts or clarification if a participant had difficulty communicat-
ing an experience at the discretion of the participant. Written consent from caregivers was
obtained for their data to be included.

The interview schedule was developed iteratively by four of the authors (TI, BJ, MJ,
and MP) and discussed with the wider research team. Questions were derived from
knowledge of the literature, clinical understanding of the respiratory management of NMD,
consultation with the Muscular Dystrophy Association of New Zealand and from the
researchers’ own lived experience of disability (TI, BJ, and MP), including NMD. The
interview schedule was allowed to expand over time, as interviews exposed additional
areas to consider with future participants.

Semi-structured interviews were conducted by MJ and the main topics covered: Expe-
riences using NIV; The decision to use NIV; The process behind obtaining the equipment
and; The participant’s and the caregiver’s role in NIV use and maintenance (Appendix A).
Although all topics were covered, topics were not always covered in the same order and
participants could choose to spend more time focusing on areas of importance to them. The
flexibility of interview duration and other reasonable accommodations [30] were offered,
for example, to support participants in the management of their fatigue. The services of
interpreters (for example, New Zealand Sign language and other language interpreters)
were available, but not required. All interviews were recorded with an Olympus DS-55
digital voice recorder (Olympus Corporation, Tokyo, Japan) and transcribed verbatim
by a contracted transcriber. Participants’ names were removed and coded as a number
(e.g., P1) or as the caregiver for that participant (e.g., P1-CG).

2.4. Analysis

The data in this manuscript represent the results from a primary analysis following the
six-phase approach proposed for RTA [24]. RTA is highly iterative and reflexive. Therefore,
the research team’s collective experiences contributed to the deductive and semantic inter-
pretation of data occurring within and between phases [24]. The analysis was underpinned
by an Equity of Health Care Framework, which considers health service delivery from
systems (macro), organization (meso) and health professional (micro) perspective [31].

2.4.1. Reflexivity

The interprofessional research team consisted of a respiratory specialist consultant,
a public health physician, a nurse, two physiotherapists and an exercise psychologist. The
four male and two female researchers all have clinical experience and more than 60 years of
combined qualitative research experience. Reflective statements were written by individual
members of the research team prior to the analysis process. These included reflection
about their own lived experiences of disability, knowledge of and experience with NIV and
NMD and values relating to health service delivery. MJ and MP additionally kept notes
to document thinking development throughout the analytical process, for example after
listening to the audio files, reading transcripts, early coding and research meeting to discuss
the data. These strategies enable recognition of metacognition formed from perspectives,
knowledge and assumptions about the data interpretation [24,30,31].

2.4.2. Familiarization of Data and Coding (Phases 1 and 2)

Transcripts were imported into NVivo (Version 12.6.0; QSR International (UK) LLC,
Daresbury, Cheshire, UK). NVivo was used as an aid to organize data within the analysis
process. Each audio of the interviews was repeatedly listened to either independently of or
alongside the re-reading of the transcripts [24]. Segments of data within each transcript
were coded as being relevant, then theme ideas were subsequently developed between
transcripts by MJ [24]. In addition, BJ and MP read all transcripts and independently coded
five and six of the eleven transcripts, respectively.
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2.4.3. Generating Initial Themes, Reviewing and Refining Themes and Writing (Phase 3 to 6)

MJ generated an initial theme list which was reviewed, firstly, with BJ and MP in
conjunction with their initial theme lists before being discussed with the wider research
team [24]. Joint interpretation of the data and relationships between initial themes was
considered by oral discourse and consideration of draft written themes [24]. Theme
development evolved following re-reading of transcripts, consideration of interview notes
and early independent interpretation notes, consideration of the health systems equity
literature, research team meetings and subsequent development of the written results. As
part of this process, theme definitions were developed, and themes were ‘named’ [24] and
mapped onto the Health Equity Framework [31]. Once the wider team was satisfied with
the level of data interpretation, participants were sent an overview of the refined themes
and their implications. Five participants responded to this opportunity and no further
refinement of the names of themes, their definitions or content arose from this process.

2.5. Trustworthiness

A variety of techniques were used to enhance the trustworthiness of this research. We
have provided transparent methods including the use of reflective statements and data
notes. MJ and MP had prolonged engagement to aid iterative interpretation [24,32]. We
employed data and investigator triangulation, as we explored our interpretation with the
wider research team and with the study participants providing opportunity for refinement
of interpretation [24,32,33]. Importantly, the research team includes academic (PhD) health
professionals from several different backgrounds and four of the researchers have lived
experience of disability, including NMD, thus providing a particular insight into the data
interpretation and analysis. We also provided an in-depth description of the participants.
These two factors support inference transferability [24].

3. Results

Eleven participants were interviewed within the age range of 20–64 years old (Table 1).
Four participants were in their twenties, with the remaining participants equally distributed
between the third and sixth decade in age. Six were female. Nine participants identified
as New Zealand European, two as Māori and one as Chinese. Participants could self-
identify with more than one ethnic group. Three had metabolic disorders and eight
various muscular dystrophies. Specific conditions included: Emery-Dreifuss muscular
dystrophy, Facioscapulohumeral muscular dystrophy, Limb-Girdle muscular dystrophy,
Pompe disease, Centronuclear myopathy, Myotonic dystrophy, Congenital myopathy,
Mucopolysacharroidosis type-IVA, and Duchenne muscular dystrophy. All lived in their
own home environment (i.e., none lived in residential care). Participants had used NIV
for between 2 and 27 years. Three participants used NIV for nocturnal use only, seven for
nocturnal and intermittent day use, and one participant used NIV for more than 15 h per
day (NIV dependent). Interviews lasted on average 60 min.

Table 1. Demographic details.

Participant Age (Years) Duration of NIV Use (Years) Caregiver Present

1 37 6 Yes
2 52 5 No
3 41 5 No
4 52 20 No
5 64 27 No
6 20 2 Yes
7 64 5 No
8 28 17 No
9 23 5 No

10 29 12 Yes
11 32 5 No
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The conceptual themes are presented chronologically to reflect the patient journey
and are as follows: Uptake and informed consent for NIV therapy; practicalities of NIV
use; and patient–clinician relationships. Within each of these themes, sub-themes, where
relevant, are also identified. The themes are summarized in Table 2. In keeping with our
method, the themes are thematically mapped to the Health Equity Framework [31].

Table 2. Themes and Sub-themes mapped to the Health Equity Framework.

Conceptual Themes and Sub-Themes Health Equity Framework Level

Uptake of NIV therapy Health professional (micro)
Informed consent System (macro)
Establishing a clinical need for NIV System (macro)
Establishing an effective therapeutic NIV setting

Practicalities of NIV
Equipment set-up and care instructions Organizational (meso)
Getting the right machine and mask Organizational (meso)
Maintenance, servicing and upgrading of equipment Organizational (meso)
Resource allocation Organizational (meso)

Patient-clinician relationships Health professional (micro)

3.1. Uptake of NIV
3.1.1. Informed Consent: “There Was No Deciding . . . We Just Had to Accept”

Individual circumstances played a part in participants’ initial access to and uptake of
NIV. Age at the time of NIV prescription also influenced uptake. Four participants were
prescribed NIV as adults (Participants 3, 4, 7, 11) and described the choice as their own,
even if they did not know of other options. They suggested that NIV was just one of many
therapies required:

“When you leave hospital you’re laden with all the prescriptions you need and... that’s
[NIV] just one of them” (P2).

For one adult participant, acceptance of the equipment was ‘primed’ due to the death
of her brother. She discussed that her brother, who had a similar neuromuscular condition
as herself, had experienced a delayed clinical decision regarding the need for therapeutic
NIV and suggested that this was a factor which had contributed to his early death. The
participant stated that this incident “took away all of that initial ambivalence” (P4) regarding
NIV uptake and described it as a “relief ” when NIV was offered to her.

Participants that began NIV treatment during childhood reported their parents’ (typi-
cally as their primary caregivers) involvement in the decision, with them having limited
awareness of the breadth or depth of any discussion occurring:

“When I first got the BiPAP I didn’t really have an idea what was happening because I
was so young and I turned up and it was there” (P9).

Regardless, most participants reported a lack of discussion on the initiation of NIV
therapy with several making comments, such as “There was no deciding . . . we just had to
accept it” (P5) and that in this decision they were not considered the experts:

“I did not decide . . . that has been all left up to the experts.... I mean they didn’t consult
you at all” (P7).

Discussion about other potential therapy options was also limited, “It wasn’t discussed
whether that was the only option, they said ‘we’ve got this for you’” (P4). This was especially
true if NIV was initiated as part of acute care. For example, one participant was in a coma
due to respiratory failure when he first began NIV treatment, and so NIV was initiated as
a life-preserving treatment:

“I ended up in a coma for six weeks and got the right treatment [including NIV] and
survived” (P8).
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3.1.2. Establishing a Clinical Need for NIV

Initial assessments required for determining the need for therapeutic NIV were consid-
ered burdensome and a ‘battle’, particularly by participants living in the community. This
aspect of care was not so troublesome for participants who were first given NIV in an acute
setting. One described traveling for over two hours each way to these assessments, which
she described as “not suitable” (P7), as it impacted her quality of life and placed a burden
on family. Caregivers described the battle with clinicians to establish the need for NIV,
a process that took over a year:

“It was a battle. No one would listen to me because they are saying “His sleep study was
fine” (P10-CG).

Undertaking a sleep study, including invasive assessment procedures, was arduous
and painful. Participant 1 and her caregiver described the experiences of arterial blood gas
(ABG) testing:

“CO2, they normally check that using ABG’s. she was about a week or so in hospital
going through a pile of different tests which is very traumatic leading to not wanting
painful treatments in the future . . . She got to a point where she wasn’t willing to have
any more ABG’s because they were making such a meal of trying to get the blood, the
inexperienced people taking the bloods. So, she refused in the end, and so I said . . . well I
had a look at Dr Google and realized that there were other ways of doing it, and trying to
you know, get them to use some other method” (P1-CG).

The participant noted that the arterial blood gas should occur immediately upon the
patient waking after an overnight hospital or sleep center stay (to resemble blood gas levels
found during sleep). However, she stated that her blood gas draw was often delayed due to
staff shortages or equipment failure, resulting in the test occurring 30–60 min after waking.
She believed this created a falsely more favorable result; she was consequently relieved
when therapeutic need was finally established:

“Our introduction to the BiPAP machine was in the hospital, but not as well supported
as it might have been as the NIV nurse specialist goes off at four or five [pm]... there’s no
non-invasive specialist on overnight....but it was a relief to get a diagnosis that said this
is one of the causes of your problems.... it will help to clear the CO2... so we were both
pleased about that, and persistent about getting the machine” (P1-CG).

3.1.3. Establishing an Effective Therapeutic NIV Setting

Few participants discussed specific experiences around establishing an appropriate
therapeutic setting but those that did either said it was “awesome” (P4) or that it took “It
felt powerful, it took a while to get the settings right” (P8). For, Participant 4, the therapeutic
setting was easily established:

“I went to bed, and I woke up in exactly the same position 12 h later, did not move or
wake up and that was my first experience at home; pretty straight forward, really was
awesome getting that first machine” (P4).

For those that required setting adjustments, this seemed to occur either after a period
of continuous NIV, such as following acute respiratory infections, or when the balance
between required inspiratory pressure needed to be balanced against discomfort. These
scenarios were discussed in detail by Participant 5 after being in an intensive care unit and
by Participant 8

“When I went in, I ended up on life support, then they weaned me off that...so, the first
week I had to have it [NIV] on all day . . . and for sleeping with it at night . . . Then they
started to ween me off and you know it was just trial and error . . . I would go off in the
morning on in the afternoon, or on in the morning, off in the afternoon, off for a bit and
then on again at night . . . that was for about a week or so . . . then from there I went
home and I did the same thing until it was just at night” (P5).
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“The first two nights I had it on that pressure, I thought ‘oh my goodness, my chest is
gonna explode’ and it was just so tight. But now it’s just very relaxed and if I need to take
a deep breath I can, whereas before the machine was cutting me fractionally short” (P8).

Adjustment of NIV pressure was also required due to other side effects such as bloating
and flatulence, and this, too, could take some time to resolve:

“When I first got it put on, they did reduce it [the pressure] ‘cause there was quite a bit
of bloating happening . . . the only real downside of the machine is the air that it pushes
into your stomach” (P2).

Remote monitoring of NIV clinical effectiveness was discussed by Participant 3 only,
but this technology is slowly being made more widely available across New Zealand.

3.2. Practicalities of NIV
3.2.1. Equipment Set-Up and Care Instructions

The actual physical process of obtaining the equipment and initial set-up, once NIV
was deemed clinically relevant, was considered straightforward. Most participants indi-
cated that the ‘technical’ equipment was user-friendly and intuitive:

“If you’re used to using a cell phone, you can use one of those [NIV machines]” (P2).

However, maintaining the NIV, such as instructions on cleaning were ad hoc. One
caregiver said she was given two training sessions. Participant 2 received comprehensive
equipment demonstrations, Participant 7 was simply provided with an instruction book-
let, while another participant said that she was not instructed in terms of setting up or
maintaining equipment hygiene at all:

“[I] didn’t have care instructions . . . I can’t really remember, didn’t have anything
written down” (P3).

Only when this participant visited another clinic in a different city was she instructed
on how to clean the equipment properly:

“The nurses . . . they told me and wrote out a list of what needs to happen” (P3).

3.2.2. Getting the Right Machine and Mask

It was evident that getting the ‘right’ machine and mask affected not only uptake
but also therapeutic effectiveness. Some participants discussed their experience of NIV
machines without dehumidifiers, which caused a build-up of condensation ‘rain’ on the
face. Due to upper limb weakness, some participants were unable to independently
remove the mask. They feared the risk of infection due to water pooling in their lungs.
Participants demonstrated innovative problem-solving skills to mitigate the issue. However,
the ultimate solution was an NIV model with a heated air hose:

“There is the issues that are fundamental to the equipment, like rain... Condensation! It
builds up in the tube and makes a noise and at that point I call Mum and she can lift the
tube and the water goes back into the humidifier. If I am asleep, it does eventually cause
water into my lungs” (P4).

“We had considerable trouble with moisture collecting in the tube. We insulated it. We
heated the room. You know we did everything we could think of, but we still had this issue
with moisture collecting in the hose... condensation and that would mean that [Name]
would get moisture in the mask which would rain on her face...and into her lungs. We
eventually got an upgrade which had a heated air hose which meant that [Name] stopped
being rained on” (P1-CG).

However, all participants explained the importance of establishing a good mask
interface. They complained of the frustration and pain from pressure sores from ill-fitting
masks and other concerns, such as the shifting of teeth from the mask pressure were. The
ideal mask was one “that floats on the person’s face” (P1-CG), but this “is not what happens
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at all”. Participants discussed their ‘trouble with masks’, the pressure marks that were
left and how tight the straps needed to be to ensure a suitable interface (i.e., no leaks and
comfortable fit while ensuring therapeutic effectiveness):

“Nothing but trouble with masks. People say I have marks around my nose from [healed]
pressure sores caused by the first mask. Now, lots of pressure marks and sore, but I’m
picking because I haven’t got the facial muscles, it tends to leak quite a lot of air; [there] is
one [mask] I want to try and get, one with a memory foam cushion but I’ll have to fund it
myself” (P2).

Participants suggested that skin breakdown arose especially “around the cheeks when the
pressure gets up and the face muscles are flaccid” (P4), yet there appeared to be a one size fits all
attitude from health professionals, with comments such as “this mask fits 95% of our patients”
(P1). Participants explained that no other option was made available unless participants
either strongly advocated for a new mask or developed pressure sores (which were not
only painful but also reduced the seal and thereby minimizing therapeutic pressure):

“The first mask I had, one over my nose and I ended up with skin coming off and bruising
and bleeding...I asked for a new mask, and they didn’t give it to me... the support worker
who just took pictures of my nose ended up sending it through to say ‘I can’t live with
this, it’s painful’... and then all of a sudden, ‘Yep. We’ll find you another mask’” (P3).

Whether additional or replacement masks were funded, or whether only one type
of mask was funded, differed by geographical location. This was problematic, as not all
participants could afford to pay for a mask or for a customized fit that met the participant’s
therapeutic needs without creating further health issues:

“The mask you have to pay for yourself. When I was doing it through [city] the gear
was supplied. Going through the Respiratory Clinic here in [different city], you have to
pay for your own masks and bits and pieces . . . but if you get into a situation that your
life capacity’s reduced, then your energy levels decrease and to quantify it, your earning
capacity as well, so when you have to go out and fork out $300 for a new mask, it can be
a challenge...But it’s not something you can go without” (P4).

Long-term use of a mask was also linked by participants to changes in the shape of
their jawline caused by decreased muscle tone around this area. These long-term effects
impacted their ability to eat and sometimes required corrective surgery, which was also
costly:

“The risk of a mask that is meant to sit between the knob of your chin and the bottom of
your lip, knocking your back teeth out of place” (P1).

Another aspect related to NIV acceptance was becoming accustomed to the aesthetics
of the mask. Participant 5 was a teenager when she started on NIV and the look of the
mask took some time to adjust to:

“It was a full face [mask] you know. It was friggin’ ugly... it was terrible. I cried, and I
said to my Dad, ‘No, I don’t want to wear it Dad!” . . . I used to not like looking at myself
in the mirror, it used to make me feel funny . . . but today it is part of my everyday life,
just something I have learnt to live with. I can certainly say, I can’t live without it um, so
it just is” (P5).

3.2.3. Maintenance, Servicing and Upgrading of Equipment

Participants were somewhat uncertain about the day-to-day maintenance of their NIV.
They knew their machine should be cleaned regularly but were not consistent in their
descriptions of what or how this should be done. Most did report cleaning it or said that
others helped to clean it for them:

“The first one had an external humidifier tank that sat, fitted across an element . . . Then
they changed it, and they had this big piece on the front, well, I couldn’t get that on and
off it was just too difficult, [Caregiver] had to do that for me. . . . This machine I have got
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now I don’t really need any support because it is so easy to use, replenish the tank and
things is so easy that I don’t actually need any support around that” (P7).

Maintenance of the filter systems was another aspect participants were expected to
manage, but the number of filters sent by the hospital intimated that these should need
replacing only intermittently.

“There is no other maintenance really other than the hose, and everything needs to be
cleaned. My partner actually does that, I do it occasionally . . . the mask they say to wash
everyday but I don’t, I just wipe it with an antibacterial which isn’t provided. The filter is
always dirty, not dirty but needs replacing and they never suggest replacing them unless
we ask for the filters, and then they send you like two filters” (P8).

All the participants were aware that their NIV machine required routine servicing,
including electrical testing, calibration, cleaning and filter changes. Participants were given
the impression that it was their responsibility to ensure their NIV machine was serviced
rather than this being routinely initiated by the service provider:

“It is up to us as the patient to chase up when they service it . . . they have actually
warned us at the hospital in [city], they told me ‘Don’t let it go over the overdue date . . .
we are liable, it is not good for us’” (P8).

That said, other participants found their hospital very responsive to unexpected
servicing requests:

“Recently the on/off button was getting a bit dodgy, you had to push it a few times, but I
was down at the hospital, I popped in there and they said, ‘ok we’ll have a look at that’,
had it back to me within the space of an hour” (P4).

Servicing provided participants with an opportunity to experience different NIV
machines. None of the other participants expected to have the latest NIV model, and
only one participant had a new NIV model, but they knew from their support groups
(internationally and nationally) what machine options were available. For example, NIV
Participant 2 currently has is smaller and more portable machine that matches her lifestyle:

“I got a new machine which is smaller and better, and it came with a battery pack, so it
didn’t have to be plugged into the wall.... So, I have been able to use it when I go on long
road trips, I am able to use it for a bit in the car. It comes in a nice bag and it all just
packs away in there and you can take it on the plane, and it doesn’t count towards your
luggage allowance” (P2).

However, more often, participants described the “reality is [that] they are usually older
than the ones they have given you before” (P8). This meant that participants sometimes received
a machine they were unsure how to use or one that did not have the expected safety features
to ensure participants and caregivers had a good night’s sleep. In one case, a participant
described a community-based replacement service. However, the therapeutic settings on
the device had not been programmed correctly:

“More often [company] would turn up on the doorstep and say, ‘Your machine’s due
for service, you take this one and we’ll take yours’. The first time that happened I was
agreeing. I trusted the system . . . but the setting on the machine weren’t right and it
didn’t have a humidifier nor an alarm for if the power went off . . . and I need to know
that the powers gone off if I am asleep so I can physically plug the battery in because its
putting [P1] at risk so, once we realized that, then the next time it was due for a service I
made the guy wait to check that the machine he was leaving was up to scratch before I let
him go” (P1-CG).

Servicing was considered especially important by those with outdated equipment:
“We are still out of date with what we should have . . . The [hospitals] don’t really have the funding
. . . and they tell me that themselves” (P8). Outdated machines were also perceived to be more
likely to fail. When equipment failure did occur, there appeared to be no easy method for



Int. J. Environ. Res. Public Health 2023, 20, 4758 11 of 19

quick replacement and could necessitate a hospital admission to access NIV. This increased
the burden on participants, as only tertiary respiratory services based in the larger centers
had the expertise to provide acute NIV as an inpatient and, secondarily, to replace the NIV
machine: “I rang the hospital here and they don’t even know what the machine was” (P8). This led
to a four-hour drive in the middle of the night from Participant 8’s rural location to a larger
treatment center.

3.2.4. Resource Allocation

Equipment provision was variable across the service providers participants were
assigned to. Ensuring power supply in the event of a power outage was a consistent anxiety
for all participants, as the inability to independently remove the mask in such an event
could lead to suffocation. Some participants were provided with a backup battery by their
respective hospitals, while others were required to self-fund such equipment. This financial
burden was often not met:

“I don’t have any life support if the power goes off, nothing, there is no back up no battery,
that is up to you to buy. It [lack of battery back-up] is a bit of a concern because it is $700
to buy a back-up device” (P8).

“If there’s a power cut. She’s not aware at all. Nothing in this house will beep at her and
tell her that something’s wrong” (P6-CG).

Consequently, participants described resourceful and innovative solutions to ensure
ongoing power in the event they did not have a battery backup, “I’ve got a generator but
it’s an old one that needs petrol” (P3). The necessity of an uninterruptible power supply
and reserve battery was evident from the dire implications participants envisioned of
suffocating from a lack of air due to mask occlusion (i.e., the inability to independently
remove the mask) in the event of a power failure whilst asleep:

“I needed to get a battery backup one because I thought ‘I am not going through this near
death [experience] again!’” (P6).

The reality of the participants’ vulnerability was reinforced via experiences when a
backup power supply was not readily available. For example, when participants required
acute care, resulting in the magnification of an already stressful event:

“We didn’t have a backup battery . . . we ambulanced her in and they didn’t have a back-
up AC power . . . we fortunately had a connector to the cigarette lighter . . . otherwise
she couldn’t breathe” (P6-CG).

For the participant who was dependent on NIV, the lack of a battery was particularly
pertinent. Consequently, Participant 10’s parents developed a system of manual breathing
that involved them repeatedly lifting his arm up and down to approximate breathing,
which, while effective, was neither a dignified nor long-term solution.

3.3. Patient-Clinician Relationships

Rapport between participants, health professionals and caregivers was considered
important for ensuring quality NIV support. This was Partly due to the duration of the
relationship, with familiarity enabling more personalized care. “They know me . . . and so
they have got a better set up” (P9). Similarly, Participant 6’s caregiver also stated that:

“That whole relationship, for 18 years we have been going up there [to the clinic] . . . that
was really important for continuity [of care provision]” (P6-CG).

However, this same caregiver, who was also a trained nurse, believed that knowing
how to “manage conversations” with clinical staff was important for receiving good care. The
ability to ‘manage’ the relationship with health professionals was considered particularly
important, as participants requested new or additional support, or were concerned about
an aspect of NIV, as they did not want to compromise their quality of care. Participants
perceived that relationship management was awkward, time and energy consuming and
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paternalistic, especially when participants perceived that some health professionals were
indifferent about their machine and equipment concerns and perhaps not cognizant of the
underlying anxiety and physical discomfort participants were experiencing.

When Participant 2 raised concerns regarding his lack of reserve power supply, the
response was dismissive, “They didn’t seem to be too concerned.” Participant 1 described the
painful experience of an ill-fitting mask which was also dismissed:

“When we said to her ‘[Participant 1’s] got this pressure sore’ she said ‘Oh, that [is]
nothing. I’ve got a patient who has got it down to the bone” (P1-CG).

There also seemed to be little understanding or empathy that once a pressure sore
arose, the management of the sore while maintaining prescribed NIV became more complex
not only for the participant, but also for caregivers, as managing the wounds required time:

“He has actually got a pressure sore on his nose, so I will have to address that daily now”
(P10-CG).

Some health professionals forgot that, as younger participants aged, their capability
to make their own decisions changed. Participant 6 describes her mask concerns being
disregarded even though she was old enough to decide. “They [medical staff] tried to get me
to wear the full mask . . . and they are looking at mum to change my mind.” This was supported
by the participant’s mother, who stated:

“One thing I thought that they [medical staff] forgot is that the children with chronic
illnesses grow up . . . I think they keep them little and don’t give them room to say no, or
to negotiate” (P6-CG).

Inevitably, participants found that these sorts of interactions and ongoing dialogues
wearing. Consequently, having a strong advocate was essential to ensure equitable and
person-centered care:

“She is my full-time caregiver and constant companion. She is with me at all my medical
appointments, and she does the nasty phone calls when they need to be made.... I find it
very difficult to advocate for myself because I get so upset with it all (and short of breath)
. . . I can do without that. So, it is a source of anxiety” (P1).

4. Discussion

The aim of this research was to explore people with NMDs experience of NIV. This
study specifically looked at the practicalities of establishing the clinical need and uptake of
NIV and service provision. Participants described a range of similarities and differences in
their experiences of Uptake and informed consent for NIV therapy, practicalities of NIV use
and Patient-clinician relationships, demonstrating systemic issues occurring across levels
of the health and disability system.

4.1. System (Macro) Level Issues

System (macro) level issues were evident with the use of different clinical criteria to
determine NIV therapeutic need, and discrepancies in equipment provision were evident
between different areas of New Zealand. Given that NMD conditions are progressive, and
that therapeutic dose adjustments and titration are important, only one of the participants
in this study had an NIV machine with remote wireless monitoring to determine clinical
effectiveness. This lack of remote monitoring necessitated semi-regular burdensome and
invasive studies to determine new dosage parameters.

Most NIV machines did not have internal battery backup nor an alarm system for
power outages while others did. This meant participants in some areas of New Zealand
were privately paying for costly battery backup as well as other consumables, such as
masks, while participants in other areas of New Zealand were not. Furthermore, some
families were being burdened by anxiety and sleep deprivation due to fear of a night-time
power outage while asleep and not being able to respond to either remove the mask or
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set up alternative power options, either independently or on behalf of the person they
cared for.

There were also discrepancies raised between participants in the training they were
given and the opportunities for further education on how to maintain the NIV equipment.
Finally, the routine use of a written safety plan for power interruption or machine breakage
was not evident and this posed a significant risk to the lives of people with NMD in New
Zealand. In addition, these sorts of safety concerns are unique to people with NMD, as this
population may not have the strength or ability to independently remove the mask or call
for help If such a situation arose.

Few studies have reported systems-level inequities before in New Zealand. A previous
survey of a community of NIV users from a single center identified the need to improve
service provision, which is greatly needed in New Zealand [14]. Our more recent New
Zealand study also demonstrated system-level disparities with NIV service provision
between geographical areas but also types of population in New Zealand [18]. However,
none of these New Zealand studies specifically aimed to understand how these system-level
NIV issues were experienced from the NMD patient perspective.

International research has identified the difficulties in establishing NIV clinical need
and therapeutic dosage [4]. While these issues and others, such as variable education to
support initiation, establishment of home NIV, cleaning and maintenance have been re-
ported previously, these papers have not explicitly identified these experiences as examples
of system-level issues for people with NMD [4,17,19,34,35]. Ensuring that health profes-
sionals provide a minimum standard of education to patients and caregivers is associated
with greater tolerance of NIV, decreased burden on caregivers and enhanced therapeutic
adherence [17,22,34]. Establishing nationwide expectations and standardized availability
of equipment, clinical and funding guidelines for NIV provision for people with NMD,
along with training and service standards would be a key opportunity to address these
system-level issues.

4.2. Organizational (Meso) Level Issues

We clearly identified issues occurring at the organizational (meso) level, particularly
the effects of equipment issues (i.e., providing the effective masks) and staff shortages.
It appeared that only certain masks were funded, and that there was limited time and
attention given by staff to the complexity of mask fitting for people with NMDs. The
presumption that a single mask type, aimed at ‘the majority’ of the population would
be fit-for-purpose was discussed by all participants. However, we argue that this is an
unreasonable assumption given the progressive condition-related muscle changes which
can occur with NMD. Furthermore, the experiences described demonstrate the antithesis of
person-centered care. It is unclear whether staffing shortages resulting in time constraints
and organizational financial constraints (or both) were barriers to providing a comfortable
mask that maintained the therapeutic effectiveness of NIV intervention.

Previous international research has demonstrated similar mask-related issues and
described the mask as being frightening, unpleasant, difficult to manipulate and a source
of pressure sores [17,36]. Limited research, however, has explored issues with equipment,
including masks, by condition type. Fung (2015) [36] did find that people with sensory
impairment found the use of the NIV machine, mask donning and doffing and mask-
wearing more challenging. Recently, a systematic review of 12 studies identified that the
cumulative duration of mask use and changes to the face from oedema were risk factors
for pressure injuries [37]. These studies provide supporting evidence to our current study
that NIV equipment and mask usability need to be analyzed by population sub-groups, as
certain NIV populations are likely to have greater cumulative mask wear time and specific
condition-related issues compared to other NIV user populations (e.g., COPD or OSA).

In New Zealand, mask fitting and setting up of the NIV machine may be undertaken
by a variety of professions, but predominantly respiratory physiologists who may find
that some skills needed are outside their professional scope of practice. Interprofessional
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training, which specifically covers the use of NIV by people with NMD, may be one means
of improving consistent delivery of a quality health service. It may also help to mitigate the
identified staff shortages which negatively affected the care received by the participants
with NMD. Indeed, one RCT has demonstrated that health professionals can achieve a mask
fit with low mask pressure and minimal air leak if given the education and practical training
to achieve this competency [19]. Sleep physiologists have core professional competencies
related to mask fitting, equipment set-up and monitoring that should be included in work
force development. We also strongly recommend that funding of equipment consumables,
such as masks and tubes, should shift from the organization (meso) to the system (macro)
level, thereby reducing the need for health professionals to have to negotiate good practice.

4.3. Health Professional (Micro) Level Issues

We also identified examples of issues occurring at the health professional (micro) level.
Research has shown that patients’ perceptions of the quality of healthcare are dependent
on the ability of the support institution and the helpers to provide individualized care [34].
Participants predominantly described a lack of ‘informed’ consent with an emphasis on
the word ‘informed’, as participants seemed to neither know of the alternatives to NIV
nor the benefits and risks of NIV. The age of NIV initiation did influence this, with older
participants appearing to have more control over the decision, albeit still with limited
‘informing’. Consent was also influenced by circumstances leading up to the need for
NIV, with acute respiratory admissions appearing to provide less opportunity for con-
sent. Dreyer (2010) [38] and colleagues argued that health professionals should attempt
to support patients’ autonomy wherever possible, but also be prepared to practice soft
paternalism when decisions are difficult, sometimes even by making the decisions for
patients [38]. They further suggest that the question of whether patients want home venti-
lation is rhetorical, because ultimately people want to live—which therefore means they
require ventilation [38]. These sentiments were echoed by the participants in this study
and are reported elsewhere [29]. People requiring NMD may find it a relief when health
professionals make these types of difficult decisions for them [17]. However, the utility
of such paternalism is debated. For example, it has been argued that paternalism under-
mines self-determination, self-efficacy and the intent of NIV therapy [6]. An important
aspect is each persons’ health literacy—understanding what their decisions entail and their
consequences. Without a full understanding of the implications of accepting NIV, it is
arguable as to whether true informed consent has been given. Assessing individual health
literacy, and subsequently ensuring that information is conveyed at a level appropriate
to their health literacy, is a process that should be undertaken by health professionals in
charge of presenting NIV as a treatment option. It is by these means that “Respect for
inherent dignity, individual autonomy including the freedom to make one’s own choices,
and independence of persons”, which is a key principle of Article 3 of the United Nations
Convention on the Rights of Persons with Disabilities (UNCRPD), can be upheld [30].

Familiarity and rapport were identified as being important to enable access to resources
and for ensuring the quality of care. This seemed to be easier for participants who had
been diagnosed with NMD and started NIV at a younger age. Arguably, people with
NMD who have not yet had time to develop these relationships should not receive a lesser
standard of care. It was also evident that, even with established relationships, participants
with NMD were fatigued with the persistent need to advocate for their rights. Some
participants in this study said they had caregivers who were able to take on this role on
their behalf, while others did not. The review by Ngandu et al. [17] also identified health
professional care deficiencies, with some participants experiencing neglect and not being
involved in their treatment, which intensified suffering [39]. Our study highlights that
these experiences should not only be considered as relationship issues, but should also
be considered as another factor leading to differential health outcomes. Previous research
has shown that poor health professional relationships can negate the effectiveness of the
therapeutic intervention [40].
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4.4. Strengths and Limitations

The study explored participants’ experiences from various geographical areas of New
Zealand, which is important when gaining insights into system-level issues. The analysis
was underpinned by a well-established Health Equity Framework and our study is novel
in its being the first study in Australasia to use this multilevel approach to explore the
adequacy of NIV healthcare provision for people with NMD.

We have provided a strong methodological rationale for presenting these data via
Reflexive Thematic Analysis and outlined the steps undertaken to ensure methodological
rigor [32,33]. However, this research does have some limitations.

Our results are generated from the interviews of the participants included in this
research and our interpretation of the data. Experiences of people with NMD who have not
yet managed to access NIV are not included in this study, so there are potentially additional
factors affecting access amongst this group which we have not captured. Therefore, the
impact of the barriers that have been identified is conservative.

Despite using purposive sampling to target ethnically diverse participants, the sam-
ple obtained was predominantly NZ European. Our recent research has demonstrated,
however, that there is a low prevalence of Māori (9.7%), Pacific (2.4%) and Asian (6.5%)
peoples among patients with NMD receiving NIV, with lower age-standardized rates at
a population level [18]. We also know that different ethnicities experience health delivery
in different ways, including in New Zealand [35,41]. Future research should specifically
explore the experiences of these groups with culturally appropriate methodology.

There was agreement between participant experiences, which provides credible narra-
tives on their health experiences in New Zealand, with our data triangulation revealing
no divergent perspectives. Our results may apply to other countries’ health systems, but
further research to establish the consistency of factors internationally would be required.
Nevertheless, we contend that using a health systems framework, such as the Equity of
Health Care Framework [31], is a useful and innovative way of considering experiences of
health delivery for people with NMD, irrespective of country.

4.5. Implications and Recommendations

The current research brings to attention areas in the health system affecting uptake,
provision and support for people using home-based NIV in New Zealand. The World
Health Organization has outlined eight key characteristics which should be present in
the network of service delivery in any well-functioning health system. These include
comprehensiveness, accessibility, coverage, continuity, quality care, person-centeredness,
coordination, accountability and efficiency [42]. We found negative experiences in all these
areas. New Zealand has just introduced a significant new legislative framework (Pae
Ora [Healthy Futures] Act 2022), which unites the previous system of 20 District Health
Boards under one provider (Te Whatu Ora/Health New Zealand) along with a newly
formed Te Aka Whai Ora/Māori Health Authority. Our research acts as a call to action
for policymakers in this therapeutic area. We recommend that Health New Zealand and
PHARMAC (The Pharmaceutical Management Agency, which holds accountability for
medical devices urgently develop national service specifications with clear standards
and dedicated funding for patients with NMD to address the NIV systemic variations
and inequities in healthcare we have identified. We also suggest that the New Zealand
Ministry of Health and Health Quality and Safety Commission proactively investigates and
monitors the variations we have identified. Our research highlighted some of the negative
experiences of NIV services experienced by people with NMD in New Zealand. Many of
these experiences, especially at system-level, will likely be common to all patient groups,
such as the lack of service standards, workforce shortages and equipment availability.
However, we have identified several issues which are likely specific to various NMDs
relating to the interface—mask fitting with face shape/muscle atrophy and pressure-related
complications, as well as the logistics of caregiver training and support. Therefore, research
exploring barriers and facilitators to NIV uptake should separately consider the experiences
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of people with different conditions—including NMD. Furthermore, the age at the time of
NIV initiation affected experiences, suggesting that more research including people with
diverse NMD, in addition to motor neuron diseases, is warranted. Finally, this research
suggestss that mainstream services need to be responsive to disabled people. Therefore,
we recommend the development of interprofessional specific disability-related services, as
per Articles 25 and 26 of the UNCRPD [30]. As the prevalence of NIV use among people
with NMD has risen over the last ten years and is now 4.8 per 100,000 in New Zealand [18],
acting on these recommendations should occur immediately.

5. Conclusions

This study explored the experiences of people with NMD, establishing the therapeutic
need for NIV and the practicalities of NIV service provision in New Zealand. We identified,
with the Equity of Health Care Framework, issues at the system, organization and health
professional levels, indicating that current NIV service provision would not meet the
characteristics of a well-functioning network of health service provision. We recommend
the development of national service specifications with clear standards and dedicated
funding for patients with NMD and call for the Ministry of Health to proactively investigate
and monitor the variations in service delivery identified. The specific areas of concern for
patients with NMD suggest the need for NMD-related NIV research and service provision
responsive to the distinct needs of this population.
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Appendix A

Table A1. Semi-structured interview guide.

Question Examples Probe

Section 1: Rapport-building and general experiences using NIV
How would you describe your experiences with using NIV? Please describe any positive or negative aspects.
How does using the equipment affect your everyday life? For example, physical changes, changes in sleep, or personality.
Can you describe any changes you have experienced since
using the NIV equipment?

What thoughts or feelings did you have? Apprehension, relief,
fears? Did these change from prior to the first use to after?

Can you tell me about your first experiences of using the
machine?
Tell me about the training you received for using the machine. Were you confident as a result of that training?
Can you tell me about your experiences with support from the
equipment providers or local health board?

For example, a specific time you were supported, and how you
felt about this support.

Can you tell me about a time when the equipment has gone
wrong, and your experiences in getting it fixed? How did that make you feel?

Section 2: The decision to use NIV and the process behind obtaining the equipment
Can you describe to me the time that you decided to get NIV? Who was involved in the decision? How did the process make

you feel?Can you describe the symptoms you were experiencing at the
time that you were thinking about getting NIV?
How has your NIV use changed over time? For example, early prescription compared to current use.
Can you tell about your experiences of obtaining the NIV
machine?

What was the process? Did you make contact with someone, or
was it offered to you? Was there a long waiting time?

How did this process make you feel? For example, listened to, supported, neglected?

Section 3: Caregivers’ roles in NIV uptake and use
What role did your caregiver play in your decision to get NIV?
What does your caregiver do in terms of maintenance of the
machine?

What other types of support does your caregiver provide? For example, emotional support, physical support? Any other
types?

References
1. Chatwin, M.; Tan, H.-L.; Bush, A.; Rosenthal, M.; Simonds, A.K. Long term non-invasive ventilation in children: Impact on

survival and transition to adult care. PLoS ONE 2015, 10, e0125839. [CrossRef] [PubMed]
2. Perrin, C.; Unterborn, J.N.; Ambrosio, C.D.; Hill, N.S. Pulmonary complications of chronic neuromuscular diseases and their

management. Muscle Nerve 2004, 29, 5–27. [CrossRef]
3. Bertella, E.; Banfi, P.; Paneroni, M.; Grilli, S.; Bianchi, L.; Volpato, E.; Vitacca, M. Early initiation of night-time NIV in an outpatient

setting: A randomized non-inferiority study in ALS patients. Eur. J. Phys. Rehabil. Med. 2017, 53, 892–899. [CrossRef]
4. Sharma, R.; Wolfe, L.J. Use of non-invasive ventilation in neuromuscular disease. Curr. Sleep Med. Rep. 2017, 3, 290–298. [CrossRef]
5. Gonzalez Calzada, N.; Prats Soro, E.; Mateu Gomez, L.; Giro Bulta, E.; Cordoba Izquierdo, A.; Povedano Panades, M.; Dorca

Sargatal, J.; Farrero Muñoz, E. Factors predicting survival in amyotrophic lateral sclerosis patients on non-invasive ventilation.
Amytoph. Lat. Scl. Fr. 2016, 17, 337–342. [CrossRef] [PubMed]

6. Bach, J.R.; Gonçalves, M.R.; Hon, A.; Ishikawa, Y.; De Vito, E.L.; Prado, F.; Dominguez, M.E. Changing trends in the management
of end-stage neuromuscular respiratory muscle failure: Recommendations of an international consensus. Am. J. Physl. Med.
Rehabil. 2013, 92, 267–277. [CrossRef]

7. Annane, D.; Orlikowski, D.; Chevret, S. Nocturnal mechanical ventilation for chronic hypoventilation in patients with neuromus-
cular and chest wall disorders. Cochrane Database Syst. Rev. 2014, 12, CD001941. [CrossRef]

8. Berlowitz, D.J.; Howard, M.E.; Fiore, J.F., Jr.; Vander Hoorn, S.; O’Donoghue, F.J.; Westlake, J.; Smith, A.; Beer, F.; Mathers, S.;
Talman, P. Identifying who will benefit from non-invasive ventilation in amyotrophic lateral sclerosis/motor neurone disease in
a clinical cohort. J. Neurol. Neurosurg. Psychiatr. 2016, 87, 280–286. [CrossRef]

9. Bourke, S.C.; Tomlinson, M.; Williams, T.L.; Bullock, R.E.; Shaw, P.J.; Gibson, G.J. Effects of non-invasive ventilation on survival
and quality of life in patients with amyotrophic lateral sclerosis: A randomised controlled trial. Lancet Neurol. 2006, 5, 140–147.
[CrossRef]

10. Gregoretti, C.; Ottonello, G.; Chiarini Testa, M.B.; Mastella, C.; Ravà, L.; Bignamini, E.; Veljkovic, A.; Cutrera, R. Survival of
patients with spinal muscular atrophy type 1. Pediatrics 2013, 131, e1509–e1514. [CrossRef]

11. McKim, D.A.; Griller, N.; LeBlanc, C.; Woolnough, A.; King, J. Twenty-four hour noninvasive ventilation in Duchenne muscular
dystrophy: A safe alternative to tracheostomy. Can. Respir. J. 2013, 20, e5–e9. [CrossRef]

http://doi.org/10.1371/journal.pone.0125839
http://www.ncbi.nlm.nih.gov/pubmed/25933065
http://doi.org/10.1002/mus.10487
http://doi.org/10.23736/S1973-9087.17.04511-7
http://doi.org/10.1007/s40675-017-0097-9
http://doi.org/10.3109/21678421.2016.1165256
http://www.ncbi.nlm.nih.gov/pubmed/27046344
http://doi.org/10.1097/PHM.0b013e31826edcf1
http://doi.org/10.1002/14651858.CD001941.pub3
http://doi.org/10.1136/jnnp-2014-310055
http://doi.org/10.1016/S1474-4422(05)70326-4
http://doi.org/10.1542/peds.2012-2278
http://doi.org/10.1155/2013/406163


Int. J. Environ. Res. Public Health 2023, 20, 4758 18 of 19

12. Berlowitz, D.J.; Detering, K.; Schachter, L.J. A retrospective analysis of sleep quality and survival with domiciliary ventilatory
support in motor neuron disease. Amyotroph. Lateral Scler. 2006, 7, 100–106. [CrossRef]

13. Mehta, S.; Hill, N.S. State of the Art: Noninvasive ventilation. Am. J. Respir. Crit. Care Med. 2001, 163, 540–577. [CrossRef]
14. Chang, A.; Marsh, S.; Smith, N.; Neill, A. Long-term community non-invasive ventilation. Int. Med. J. 2010, 40, 764–771.

[CrossRef] [PubMed]
15. Pehrsson, K.; Olofson, J.; Larsson, S.; Sullivan, M. Quality of life of patients treated by home mechanical ventilation due to

restrictive ventilatory disorders. Respir. Med. 1994, 88, 21–26. [CrossRef]
16. Cheng, H.W.B.; Chan, K.Y.; Chung, Y.K.J.; Choi, C.W.; Chan, C.H.; Cheng, S.C.; Chan, W.H.; Fung, K.S.; Wong, K.Y.; Chan, O.M.I.;

et al. Supportive & palliative interventions in Motor neurone disease: What we know from current literature? Ann. Palliat. Med.
2018, 7, 320–331. [CrossRef] [PubMed]

17. Ngandu, H.; Gale, N.; Hopkinson, J.B. Experiences of noninvasive ventilation in adults with hypercapnic respiratory failure:
A review of evidence. Eur. Respir. Rev. 2016, 25, 451–471. [CrossRef] [PubMed]

18. Neill, A.; Ingham, T.R.; Perry, M.A.; Aldridge, D.; Miller, J.; Jones, B. Noninvasive ventilation in New Zealand: A national
prevalence survey. Int. Med. J. 2022; ahead of print. [CrossRef]

19. Brill, A.K.; Moghal, M.; Morrell, M.J.; Simonds, A.K. Randomized crossover trial of a pressure sensing visual feedback system to
improve mask fitting in noninvasive ventilation. Respirology 2017, 22, 1343–1349. [CrossRef]

20. All Party Parliament Group for Muscular Dystrophy, Access to Specialist Neuromuscular Care: The Walton Report. 2012.
Available online: https://issuu.com/musculardystrophycampaign/docs/walton_report (accessed on 6 March 2017).

21. Spurr, L. The treatment burden of long-term home noninvasive ventilation. Breathe 2021, 17, 200291. [CrossRef]
22. Campbell, A.; Neill, A.; Lory, R. Ethnicity and socioeconomic status predict initial continuous positive airway pressure compliance

in New Zealand adults with obstructive sleep apnoea. Int. Med. J. 2012, 42, e95–e101. [CrossRef]
23. Health Quality & Safety Commission, Code of Expectations for Health Entities’ Engagement with Consumers and Whānau. 2022.

Available online: https://www.hqsc.govt.nz/resources/resource-library/code-of-expectations-for-health-entities-engagement-
with-consumers-and-whanau/ (accessed on 17 February 2023).

24. Braun, A.T.; Clarke, V. Thematic Analysis: A Practical Guide, 1st ed.; Sage: New York, NY, USA, 2021.
25. Koopmans, E.; Schiller, C. Understanding causation in healthcare: An introduction to critical realism. Qual. Health Res. 2022, 32,

1207–1214. [CrossRef]
26. Stutchbury, K. Critical realism: An explanatory framework for small-scale qualitative studies or an ‘unhelpful edifice’? Int. J. Res.

Method Educ. 2022, 45, 113–128. [CrossRef]
27. Tong, A.; Sainsbury, P.; Craig, J. Consolidated criteria for Reporting Qualitative Research (COREQ): A 32-item checklist for

interviews and focus groups. Int. J. Qual. Health Care 2007, 19, 349–357. [CrossRef]
28. Rao, F.; Garuti, G.; Vitacca, M.; Banfi, P.; Racca, F.; Cutrera, R.; Pavone, M.; Pedemonte, M.; Schisano, M.; Pedroni, S.; et al.

Management of respiratory complications and rehabilitation in individuals with muscular dystrophies: 1st consensus conference
report from UILDM-Italian Muscular Dystrophy Association (Milan, 25–26 January 2019). Acta Myol. 2021, 40, 8–42. [CrossRef]

29. Perry, M.A.; Jenkins, M.; Jones, B.; Bowick, J.; Shaw, H.; Robinson, E.; Rowan, M.; Spencer, K.; Neill, A.; Ingham, T. “Me and ‘that’
machine”: The lived experiences of people with neuromuscular disorders using non-invasive ventilation. Disabil. Rehabil. 2022,
1–10. [CrossRef] [PubMed]

30. United Nations. Convention on the Rights of Persons with Disabilities. 2006. Available online: https://www.un.org/
development/desa/disabilities/convention-on-the-rights-of-persons-with-disabilities.html (accessed on 29 November 2020).
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