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A mixed-methods pilot study of domiciliary 
nasal high-flow therapy for breathlessness 
in people with chronic obstructive 
pulmonary disease who do not qualify for 
domiciliary long-term oxygen therapy
Natasha Smallwood , Amy Pascoe , Catherine Buchan ,  
Aaron K. Wong, David Currow  and Brian Le 

Abstract
Background: High-flow nasal oxygen (HFNO) therapy delivers humidified, heated air with 
flow rates of up to 60 L/min with oxygen entrained. HFNO has advantages over conventional 
oxygen therapy, including precise and reliable fraction of inspired oxygen delivery, therefore is 
recommended as first-line treatment for people with acute hypoxaemic respiratory failure.
Objectives: This pilot study aimed to determine the feasibility and acceptability of domiciliary 
nasal high flow (NHF) without entrained oxygen for people with chronic obstructive pulmonary 
disease (COPD) and severe breathlessness.
Design: Single-arm, mixed-methods, pilot study of an 8-day, air-only NHF intervention in 
adults with COPD and severe breathlessness not requiring domiciliary oxygen therapy.
Methods: Participants were educated and advised to use NHF for ⩾7 h per night for 7 nights 
with day use as desired. Patient-reported outcome measures were assessed on Days 3, 5 and 
8. Primary outcome: feasibility. Secondary outcomes: breathlessness (dyspnoea), fatigue, 
quality of life, physical function, sleep, tolerability and safety. Acceptability was also assessed 
through semi-structured interviews.
Results: Fifteen participants were enrolled (mean age 73.6; 40% women; mean FEV1 41% 
predicted, mean DLCO 43.0% predicted; mean modified Medical Research Council score 3.7). 
Thirteen (87%) completed the trial, with 8 (54%) keeping the device at the end of the trial 
and 3 (20%) continuing use long-term. Adherence varied, with average daily usage higher 
amongst participants who kept the device compared to those who returned it (6.8 h ± 2.3 h vs 
3.4 h ± 3.7 h). No changes in worst breathlessness (mean = 0.7, SD = 1.2, p = 0.109), dyspnoea 
mastery (mean = 0.3, SD = 0.6, p = 0.176) or fatigue (mean = 0.0, SD = 2.4, p = 1.00) were observed 
at Day 8 compared to baseline. No significant adverse events were reported. Qualitative 
interviews demonstrated subjective improvements in breathlessness, dry mouth and sputum 
production for some participants, whilst others found NHF uncomfortable. Fear of NHF 
dependence and concerns regarding long-term running costs were reported.
Conclusion: Domiciliary NHF was a feasible intervention, albeit with varied adoption 
and acceptability. These trial implementation outcomes may have affected preliminary 
effectiveness outcomes. Further research is required to determine what role domiciliary NHF 
may have for people with COPD and severe breathlessness.
Trial registration: ACTRN12621000044820.
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Introduction
Chronic obstructive pulmonary disease (COPD) 
is an incurable illness characterised by chronic 
respiratory symptoms that cause persistent and 
often progressive airflow obstruction.1 Globally 
there are estimated to be 384 million COPD 
cases.2,3 In Australia, 30% of people aged over 
75 years have COPD; it is the fifth leading cause 
of death and the third leading cause of avoidable 
admission.4–7

Breathlessness describes ‘a subjective experience of 
breathing discomfort that consists of qualitatively dis-
tinct sensations that vary in intensity8’ that affects 
up to 98% of people with severe COPD9,10 and is 
the primary cause for 14% of all emergency 
ambulance callouts.11 People with breathlessness 
often also suffer from fatigue, anxiety, decreased 
function and reduced quality of life.12,13 
Importantly, breathlessness is a predictor of 
unscheduled healthcare use, hospitalisation and 
mortality in people with chronic lung diseases.14,15 
Whilst improved treatments for COPD have pro-
longed survival,16 symptom management remains 
poor.17–19

Treating severe chronic breathlessness is chal-
lenging due to the advanced nature of the under-
lying diseases that contribute to this symptom. 
Domiciliary, long-term oxygen therapy (LTOT) 
improves survival in people with COPD with 
severe resting hypoxaemia (PaO2 <55 mmHg),20 
however, has no role in people with only moder-
ate hypoxaemia (PaO2 >60 mmHg) with severe 
chronic breathlessness.21,22 In that group, a ran-
domised controlled trial found that air (given via 
a sham concentrator) was as effective as oxygen 
therapy in alleviating breathlessness,23 suggesting 
that air movement on the face may be helpful for 
symptom relief. Current low-flow oxygen ther-
apy delivery systems may deliver insufficient flow 
for symptom relief and importantly lack airflow 
heating and humidification, which can lead to 
desiccation of the airway mucosa and patient 
discomfort.24

The myAirvo 2™ is a nasal high-flow therapy 
(NHF) device that delivers heated, humidified air 
with or without entrained oxygen, with patients 
able to tolerate high flows of up to 60 L/min.25 
NHF washes out carbon dioxide from airway 
dead space in the lungs to improve ventilation 
and generates a low-level positive airway pressure 

(4–5 cmH2O) that may reduce the work of breath-
ing.26,27 NHF entrained with oxygen is an estab-
lished treatment in acute care settings, shown to 
improve respiratory rate and oxygenation for peo-
ple with acute respiratory failure,28 and provide 
symptom relief for people with cancer with severe 
breathlessness.29,30

Long-term, domiciliary NHF (flows of 20 L/min 
for 7 h/day) together with LTOT has been dem-
onstrated to be both safe and superior to LTOT 
alone in people with severe COPD and hypoxae-
mia.31 Effects include reduced admissions, and 
improved ventilation, exercise capacity and 
breathlessness, with no adverse events.31 Further, 
a recent study of NHF was shown to alleviate 
experimentally induced dyspnoea in healthy vol-
unteers independently of oxygen entrainment.32 
Domiciliary NHF with air-only has great poten-
tial, yet has not been studied in people with severe 
COPD and breathlessness with only moderate 
hypoxaemia. This pilot study aimed to determine 
the feasibility and acceptability of domiciliary 
NHF for the treatment of severe chronic breath-
lessness in people with COPD who do not qualify 
for domiciliary oxygen.

Materials and methods

Study design and setting
A single-arm, open-label, mixed-methods, pilot 
study of NHF was conducted over fourteen 
months with primary aims of feasibility in line 
with the Medical Research Council framework for 
development and evaluation of complex interven-
tions.33 Participants were recruited from inpatient 
and outpatient tertiary respiratory care and pallia-
tive care clinics based at Alfred Health and Royal 
Melbourne Hospital in Melbourne, Australia. 
The reporting of this study conforms to the 
CONSORT guidelines.34

Participants
Adults with physician-confirmed, medically opti-
mised, severe COPD (including severe emphy-
sema without co-existing airflow obstruction, as 
confirmed by pulmonary function tests within the 
last 24 months with FER ⩽70% and FEV1 ⩽50%, 
OR radiological evidence of emphysema on CT 
chest scan within the last 5 years and DLCO 
⩽50% within the last 24 months) with moderate 
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to severe breathlessness as defined by a modified 
Medical Research Council score ⩾3, who were 
not using domiciliary LTOT via a concentrator 
for 16 h/day (oxygen saturations >92% at rest) 
were eligible to participate. People who used 
exertional oxygen therapy from portable oxygen 
cylinders for exertion-induced hypoxaemia were 
eligible.

Exclusion criteria included: acute exacerbations 
of COPD in the past 4 weeks (i.e. unstable dis-
ease), enrolment in other clinical trials that may 
impact breathlessness, commencement of opioids 
or benzodiazepines within last 14 days or antici-
pated commencement whilst on study, previous 
adverse reaction to NHF, clinician predicted sur-
vival <7 days, pregnant or breastfeeding, chronic 
alcoholism or drug abuse, untreated pneumotho-
rax and contraindications to NHF use (including 
requiring non-invasive or invasive ventilation; 
altered level of consciousness (Glasgow Coma 
Scale 10 or below); suspected or known base of 
skull fracture; inability to maintain own airway or 
unable to tolerate nasal prongs; recent surgery in 
last 30 days to the nose or upper; significant facial 
fractures or trauma in last 30 days; nasal obstruc-
tion or nasal packing; and current SARS-CoV-2 
(COVID-19) infection in accordance with local 
COVID-19 infection control procedures at the 
time of the study which prohibited the use of aer-
osol-generating procedures including NHF).

Sample size
Given the primary outcome of feasibility, no for-
mal sample size was calculated for this pilot study.

Intervention and data collection
An 8-day trial of NHF using air-only (no entrained 
oxygen) via the myAirvo 2™ device (Fisher and 
Paykel Healthcare, New Zealand Australian 
Registry of Therapeutic Goods entry 282584). 
All trial procedures were completed either in the 
hospital or at home by trained study staff. 
Following baseline assessment, a respiratory 
nurse or respiratory scientist who had received 
training to use myAirvo 2™ conducted the initial 
setup of NHF.

A standard guide for NHF titration (Table 1) was 
developed and individualised as needed. Over a 
maximum of 100 min, settings were up-titrated to 

the target flow of 30 L/min at 37°C, or to the 
highest setting below this level that the patient 
comfortably tolerated.

Participants were educated on how to use NHF at 
home and advised to wear it for a minimum of 7 h 
per night for 7 days, with additional day use as 
desired. Patient-reported outcome measures were 
assessed on Days 3 and 5 and immediately 
post-intervention.

Participants were given the option to retain the 
myAirvo 2™ device on indefinite loan at no cost 
at the completion of the trial. Participants were 
asked to participate in a semi-structured interview 
to explore their experiences and acceptance of 
NHF.

Outcomes
The primary outcome was feasibility and accept-
ability as measured by enrolment of 15 partici-
pants over 6 months with ⩾80% of enrolled 
participants progressing to study completion. 
Acceptability was also assessed through semi-
structured interviews with participants at the 
completion of the study. Interviews were 

Table 1.  Nasal high-flow therapy titration.

Time (min) Flow rate (L/min) Temperature (°C)

0 10 31

10 15 34

20 20 37

30 25 37

40 30 37

50 35 37

60 40 37

70 45 37

80 50 37

90 55 37

100 60 37

Participants were given the option of temporarily 
experiencing a higher flow rate (as indicated in italics) 
during the titration period before returning to the target 
flow rate of 30 L/min.

https://journals.sagepub.com/home/tar
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conducted by phone or teleconferencing by a 
trained member of the research team who was not 
involved in the intervention delivery.

Secondary outcomes included: best, worst, average 
breathlessness and average fatigue over last 24 h at 
9 am and 4 pm daily by 0–10 Numerical Rating 
Scale (NRS); quality of life (Chronic Respiratory 
Disease Questionnaire Self-Administered 
Standardized (CRQ-SAS35); physical function 
(Resource Utilisation Groups – Activities of Daily 
Living (RUG-ADL) score36 and the Australia-
modified Karnofsky Performance Scale (AKPS37); 
sleep (Pittsburgh Sleep Quality Index (PSQI38) and 
validated wrist-based sleep tracker (watchPAT 
ONE)); tolerability (study retention and adherence 
with NHF using automatically recorded actual 
device usage); safety (serious adverse events using 
Common Terminology Criteria for Adverse Events 
version 5.0 (CTCAE v5.0) assessed at all study 
contacts); rescue medications (i.e. opioids/anxio-
lytic/bronchodilator on inpatient drug charts or 
medication diary); and daily steps (FitBit Charge 2 
wearable fitness tracker).

Statistical analyses
Demographic and other baseline data are reported 
descriptively. Categorical data are presented as 
frequencies and percentages unless stated other-
wise. For continuous data, mean and standard 
deviation or median and interquartile range are 
presented as summary tables unless stated other-
wise. Morning and evening symptom scores were 
combined to create average daily scores. Changes 
from baseline in secondary measures at Day 8 
were analysed using a paired t-test with 
alpha = 0.05 and reported using mean difference 
with a 95% confidence interval.

Semi-structured interviews were recorded and 
transcribed verbatim with all identifying data 
removed. Transcripts were coded and synthesised 
thematically according to the principles of itera-
tive thematic analysis as outlined by Braun and 
Clarke.39

Results

Recruitment and participant demographics
Fifteen participants were enrolled over a period of 
9 months (September 2021 and April to December 

2022). Trial activities were suspended for 
6 months (October 2021 to March 2022) due to 
local COVID-19–related restrictions regarding 
the usage of aerosol-generating procedures; one 
participant was enrolled prior to the suspension 
and the remaining 14 were enrolled within an 
eight-month period after the trial activities were 
resumed. Three participants had preserved 
spirometry but reduced gas transfer (DLCO 
⩽50%) with severe emphysema on CT scan. 
Thirteen participants (86.6%) completed the 
study, with two discontinuing due to illness unre-
lated to the intervention (Figure 1). Participants 
had a mean age of 73.6 years (SD = 6.7) and 40% 
(n = 6) were female (Table 2). Day 1 and Day 8 
visits were conducted in person, with the majority 
of participants (n = 11, 73.3%) receiving in-home 
visits for all trial procedures.

NHF usage and acceptability
Average daily device time used was obtained 
from 10 of 13 participants who completed the 
intervention; the remainder did not return the 
device in a timely manner to enable accurate 
measurement of total usage time. Average daily 
use time was 5 h 25 min (SD 3 h 13 min), with 
only four participants (40%) meeting the sug-
gested average daily usage of >7 h. The median 
recorded flow rate was 30 L/min (IQR 30–30) 
and the median recorded temperature was 37°C 
(IQR 34–37).

Eight participants (53.3%) elected to keep the 
myAirvo 2™ device on indefinite loan at the end 
of the trial period with the stated intention to con-
tinue use; however, five of these participants 
returned the device within 8 months of study 
completion. The remaining seven participants, 
including the two participants withdrawn due to 
unrelated illnesses, returned the device, generally 
citing difficulty or discomfort in using the device, 
or concerns about dependence on the device. 
Average daily usage time trended higher amongst 
participants who initially kept the device (6 h 
45 min ± 2 h 16 min) compared to those who 
returned it (3 h 23 min ± 3 h 40 min).

Patient-reported outcomes
Mean changes in all other secondary outcomes 
are reported in Table 3. A statistically significant 
increase in average breathlessness was detected at 
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the end of the trial period. No other significant 
changes were detected.

Five participants used rescue medications during 
the intervention, including Salbutamol (3 partici-
pants, mean frequency of use = 3 occasions), 
hydromorphone (1 participant, 2 occasions) and 
oral morphine solution (1 inpatient participant, 
20 occasions).

Due to COVID-19–related restrictions, the 
majority of participants were unable to complete 
6MWT assessments. In addition, eight partici-
pants were unable to complete watchPAT ONE 
sleep monitoring due to technical difficulties. 
Notably, all seven participants who completed 
watchPAT ONE sleep monitoring at baseline had 

measurements consistent with obstructive sleep 
apnoea (OSA) despite not having a prior formal 
or self-reported diagnosis.

Safety and adverse events
No serious or unexpected adverse events were 
reported (Table 4). Reported adverse events 
included a burning sensation in the nose, chest 
pain and epistaxis, all of which were mild 
(CTCAE v5.0, grade 1) and resolved within 
1 day. Of note, several participants described dis-
comfort and other issues related to the usage of 
the device, including dry airways and throat pain, 
during the semi-structured interviews at the end 
of the trial period, which were not reported when 
prompted during the intervention.

Figure 1.  CONSORT study flow diagram.
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Table 2.  Participant demographics (n = 15).

Characteristic Mean SD

Age (years) 73.6 6.7

  n %

Gender  

  Male 9 60.0

  Female 6 40.0

Mental health co-morbidities  

  Anxiety 6 40.0

  Depression 3 20.0

mMRC score  

  3 5 33.3

  4 10 66.7

Intervention setting  

  Inpatient 1 6.7

  Outpatient 14 93.3

Availability of carer  

  Lives with carer 6 40.0

  Lives alone with carer available 3 20.0

  Lives with non-carer 1 6.7

  Lives alone, no carer available 5 33.3

  Mean SD

Pulmonary function results  

  Recency (months prior to baseline) 8.7 5.9

  Median IQR

FEV1 absolute (L) 0.94 0.68–1.15

FEV1 predicted percentage (%) 41.0 22.00–41.00

FVC absolute (L) 2.72 2.23–3.33

FVC predicted percentage (%) 87.0 73.00–101.00

DLCO absolute (mL/min/mmHg) (n = 13) 8.89 6.79–12.00

DLCO predicted percentage (%) (n = 13) 43.0 36.00–54.00

(Continued)
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Patient experiences and perceptions
Of thirteen participants who completed the trial, 
10 completed end-of-trial semi-structured inter-
views. Major themes included perceived changes 
to symptoms and experiences with logistics 
regarding both the device and the trial itself 
(Table 5).

Perceived changes to symptoms
Some participants reported subjective improve-
ments in breathlessness, dry mouth and sputum 
production whilst in the study. Several partici-
pants described a sense of hope regarding NHF. 
By contrast, one person found the device suffo-
cating and anxiety-inducing which led to discon-
tinuation. Some participants found the heat and 

humidification to be uncomfortable with con-
cerns about usage in hot weather. Some reported 
interruptions to sleep related to the equipment 
and heat generated. It was difficult for some par-
ticipants to determine whether NHF was benefi-
cial given the short duration of the study.

Inconveniences of the machine
Although some participants described the 
machine as quiet, others reported sleep disrup-
tion and required gradual familiarisation. Despite 
the provision of adequate support by healthcare 
staff during initial setup, some expressed dissatis-
faction or difficulties with the equipment, partic-
ularly regarding the refilling of the water chamber 
and the inconvenient placement of the device on 

  Mean SD

Baseline sleep study (n = 7)  

  Recorded sleep time 483.4 min [8 h 3 min] 62.9 min [1 h 
3 min]

  % REM 21.6 4.4

  % Oxygen saturation ⩽88% 14.7 22.1

  pAHI 19.7 15.9

  n %

OSA category  

  Mild 4 57.1

  Moderate 2 28.6

  Severe 1 14.3

Using home portable oxygen therapy for exertional hypoxemia 4 26.7

Prior completion of pulmonary rehabilitation 10 66.7

  Median IQR

Emergency presentations in past 24 months due to 
respiratory illness (n = 13)

 

Not resulting in admission 0 0.0–0.0

Resulting in admission 0.0 0.0–2.0

OSA category cut-offs: none = pAHI <5; mild = pAHI 5 ⩽ 15; moderate = pAHI 15 ⩽ 30 severe = pAHI >30.
mMRC, modified Medical Research Council; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; DLCO, 
diffusing cpacity for carbon monoxide; REM, rapid eye movement sleep; OSA, obstructive sleep apnoea; pAHI, PAT-derived 
apnoea-hypopnea index; PAT, peripheral arterial tonometry; REM, rapid eye movement.

Table 2.  (Continued)
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the floor. One participant proposed a larger water 
tank. Despite advice to use the device at night, 
some participants preferred to use the machine 
during the day.

Long-term use of the machine
Some participants expressed concerns about 
becoming dependent on the device. Ongoing 
costs of consumables and electricity contributed 
to some participants’ reluctance to use the 
machine long-term.

Discussion
This pilot study of domiciliary NHF (without 
entrained oxygen) recruited and enrolled 15 par-
ticipants with 13 participants (86.6%) complet-
ing the trial. Although the formal target of 15 
participants enrolled within 6 months was not 
met, this was largely due to significant pandemic 
disruptions to research activities.

The observed statistically significant deteriora-
tion in average breathlessness scores should be 
interpreted cautiously given the broad 95% confi-
dence interval which includes the mean change 
being below the clinically important difference of 
1 point40 and small sample size in this pilot study 
which increases the risk of a false-positive obser-
vation.41 For this reason, we do not believe this 
represents a clinically significant change in 
breathlessness; future trials adequately powered 
to detect changes in this outcome are necessary. 

Other secondary outcomes assessing impacts on 
symptoms and quality of life showed no signifi-
cant changes and semi-structured interviews 
revealed considerable variation in perceived 
benefit.

Participant adherence with recommended device 
usage of 7 h per night varied but was overall low. 
The proportion of participants who discontinued 
or heavily reduced their usage of the device within 
the first days of the trial indicates that initial 
setup, education and acclimatisation is a crucial 
period and may be a barrier to tolerable and ben-
eficial NHF. This is consistent with prior studies 
of adherence to domiciliary respiratory supports. 
Continuous positive airway pressure (CPAP) 
therapy for people with OSA is a useful compari-
son, as both devices present similar user experi-
ences and barriers to adherence. Early adherence 
to CPAP has been shown to be a key predictor of 
improved long-term adherence.42 Up to 15% of 
people with OSA decline CPAP usage after one 
night and as many as 50% will discontinue usage 
within 1 year.43 Similarly, LTOT adherence 
amongst people with COPD has been reported 
between 45 and 70%.44 Although the current 
study included one-on-one setup and support 
from a dedicated experienced respiratory nurse, 
which was positively received, it was evident that 
a longer supported acclimatisation period would 
be beneficial. Of note, seven participants in the 
current study had sleep monitoring data indica-
tive of OSA, despite having no formal diagnosis. 
The presence of detectable OSA, diagnosed or 

Table 4.  Adverse events.

Adverse event description Grade CTCAE 5 Frequency Related to NHF Outcome

Burning sensation in nose NA 1 Possible Resolved in <1 day

Headache 1 1 Unlikely Resolved in <1 day

Chest pain 1 1 Unlikely Resolved in <1 day

Epistaxis 1 1 Possible Resolved in <1 day

COVID-19 infection NA 1 Unrelated Discontinued intervention 
due to infection risk

Exacerbation of COPD 1 Unrelated Hospital admission and 
discontinued intervention

COPD, chronic obstructive pulmonary disease; CTCAE, Common Terminology Criteria for Adverse Events; NHF, nasal  
high flow.
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Table 5.  Patient experiences and perceptions.

Themes Subthemes Participant quotes

Changes to COPD 
symptoms

Improvements in 
symptoms

‘It’s just a bit easier to get breath.’ – P1
‘It’s definitely helped. I don’t get such a dry mouth as I used to.  .  . I’m finding 
it good.’ – P2
‘It seems to help a little bit, you know? I think I, there’s less phlegm in my 
chest.’ – P3

Discomfort from heat 
and humidification of 
equipment

‘Yeah just the hot air was making it hard for me to sleep cos it was 
uncomfortable. And then when I woke up in the morning, I realized why I 
could hardly talk, my throat was so sore.  .  .and it made me cough a lot more.’ 
– P4
‘And I, I did say this to [respiratory nurse], how you would go with that warm 
tubing.  .  . um, because it is quite warm, right? Um, in, in a, like a hot summer 
night. So [respiratory nurse] said to me, well, you just wouldn’t use it.’ – P1
‘I just felt having something on my face all the time at night was not very 
comfortable.’ – P5

Unknown changes 
due to short-term 
nature of clinical trial

‘It hasn’t changed much.  .  .after I’ve had the machine for a longer period, a 
month or so .  .  .we’re probably a little bit quick giving you the answer, not for 
the amount of time that I’ve had the machine’ – P6

Inconveniences of the 
machine

Initial setup ‘It was very, oh, well, the setup was brilliant. They explained it well. Well, um, 
I didn’t have any problems about setting it up when I got home.’ – P2
‘It seemed simple to set up. I just couldn’t get it to work.  .  .I couldn’t get to 
the next stage.’ – P4

Varied sensitivity to 
the device noise

‘I was very impressed with the silence of the machine.  .  .it was well-
engineered’ – P8
‘Yeah, at first I thought, oh, you know, how am I going to sleep with this 
noise.  .  . uh, but now it’s okay I’m used to it.’ – P8
‘I think they need a bigger water tank.’ – P8

Dissatisfaction with 
the water chamber

‘The only trouble I do have is getting the machine out because my, my hands 
aren’t strong enough or big enough to bring the water chamber out. Um, 
that’s the only problem I have.’ – P2
‘Only gives you enough water for six hours. Well, I sleep eight, nine hours. So 
it’s sort of.  .  . was a bit of a hassle having to set the alarm at 11 o’clock. And 
then of course by the time you get up, go to the toilet.  .  .wait for the machine 
to warm up and everything else, you’re wide awake so then you can’t go back 
to sleep.’ – P9

Inconvenient 
placement of the 
device on the floor

‘Um, yeah, and, and more like that tubing, I didn’t know where to put it, you 
know, like it kept, I think because the unit’s on the floor, and if I moved, it kind 
of dragged the tubing, dragged the things out of your nose .  .  .’ – P1
‘No, apart from the chamber, you know, trying to get the, the water chamber 
out, that’s my only problem and I, I’ve got it low down. I’ve got it sitting on the 
floor.’ – P2

Varied use of the 
machine during the 
day/night

‘But then, you know, everything’s difficult to do when it’s night-time [laughs]. 
I’m not sure how you could improve that actually. You know, so most people, 
you know, stumble around and find your glasses and put the lights on and you 
know, try and find the relevant dials and you know, but I dunno how you could 
improve on that.’ – P5
‘During the day. I don’t like using it at night.  .  .I don’t, don’t like it, you know, 
very much. See, I prefer.  .  .I inhale through my nose, and exhale through my 
mouth. But if I sleep.  .  .I have my mouth open all the time.  .  .And I get a very 
dry mouth.’ – P3

(Continued)
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otherwise, may be a confounder in future effec-
tiveness studies and should be confirmed by poly-
somnogram and controlled for during recruitment 
or data analysis.

Some participants reported discomfort when 
using the device, including dry or burning sensa-
tions in their nose and throat, which may have 
been improved with adjustments to flow settings. 
Although all participants were prompted to report 
adverse events at regular intervals throughout the 
study, these events were not formally reported 
and only arose during the semi-structured inter-
views with a non-clinician researcher. This may 
reflect the tendency of some patients to under-
report symptoms to their clinical care team.45 
Some reported discomforts, including noise and 
the sensation of the device on the face during 
sleep, are inherent to the device which simply 
may not suit all people. Additionally, some par-
ticipants found the device logistically cumber-
some to operate in-home which may be at least 
partially alleviated with the provision of more 
suitable accessories and other updates to the 
design in future models. These findings are con-
sistent with evidence from studies of long-term 
non-invasive ventilation usage in COPD, which 
indicate that the treatment burden of such devices 
can be high and many participants discontinue 
due to adverse events.46,47 Notably, some partici-
pants reported that the myAirvo 2™ device was 
preferable in terms of portability and stigma to 
their experiences or perceptions of LTOT. 
Gradual acclimatisation to wearing the device 

was a commonly reported theme which reinforces 
the importance of the early intervention period. 
For future trials, a longer intervention period with 
more scheduled inputs for technical and clinical 
support early in the intervention period may 
enhance uptake, adherence and importantly, par-
ticipant comfort.

The current study utilised a number of digital 
monitoring technologies. Given this patient pop-
ulation generally has limited familiarity with digi-
tal technologies, the initial setup and education 
session necessarily included education on the 
usage of other trackers which may have diluted 
the focus on NHF. Difficulties utilising trackers 
contributed to incomplete data in the current 
study. Future trials of effectiveness may benefit 
from reduced or staggered introduction of digital 
trial devices to reduce the risk of overloading par-
ticipants with information.

The current study was not sufficiently powered to 
detect differences in symptom outcomes and per-
ceived effects reported in semi-structured inter-
views were mixed. Whilst some felt that NHF 
produced modest improvements, including 
changes to perceived functional capacity and 
breathlessness, others described no perceivable 
improvements. Some participants reported that 
the intervention period was too brief to determine 
whether the NHF was beneficial. In future, a 
longer intervention period may help to overcome 
these barriers and provide more robust informa-
tion on clinical effectiveness. The number of 

Themes Subthemes Participant quotes

Long-term use of the 
machine

Concerns about 
dependency

‘I don’t want to be sort of left high and dry when it goes. And, uh, um, oh, 
I want something to latch onto, I don’t want something to latch onto. It’s a 
matter of weaning myself off.’ – P8
‘I’m really getting used to it and what worries me now is how am I going to get 
on without it,’ – P8
‘I mean, I’m so positive about it and you know, oh God, why am I getting so 
positive? Because I’m, you know, going to have to learn to live without it.’ – P8

Ongoing costs of 
consumables and 
electricity

‘No, not really. No, if it’s helping you, I think that’d be a small price to pay.’ 
– P1
‘You know, the electricity, if it’s sky high. I guess I’d say right. I can’t afford it.’ 
– P2
‘Yeah, the cost it’d be pretty heavy cause I think they told me you have to 
replace the breathing tube um monthly.  .  .I think they would cost a lot of 
money.’ – P8

COPD, chronic obstructive pulmonary disease.

Table 5.  (Continued)
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participants who elected to keep the myAirvo 2™ 
device at the conclusion of the trial is, however, 
indicative that this therapy was of perceived value 
to half of the participants.

It should also be noted that at least one participant 
returned the device despite reporting minor bene-
fits, citing concerns about the financial burden of 
ongoing consumables which were provided free of 
charge but only for 6 months post-trial. At the time 
of writing, the estimated monthly cost of consuma-
bles is approximately $AUD48 per month (esti-
mate provided by Fisher & Paykel Healthcare). 
Financial burden of treatment costs is additive and 
can be burdensome for many people with chronic 
disease who are often older, under- or unemployed 
or otherwise reliant on aged care or disability pen-
sions and socioeconomically disadvantaged.7,48,49

Strengths and limitations
To our knowledge, this is the first study examin-
ing domiciliary, air-only NHF for people with 
COPD and severe breathlessness who do not 
qualify for domiciliary LTOT. The primary out-
come of this study was significantly impacted by 
restrictions related to the COVID-19 pandemic. 
Given the feasibility aims of this pilot study, no 
sample size was calculated and the study is not 
adequately powered to detect differences in the 
exploratory secondary outcomes. Secondary out-
comes are presented in that light and should not 
be over-interpreted. Overall adherence to therapy 
was lower than desired, which may have impacted 
perceived effects on symptoms. Given the current 
study advises participants to utilise NHF at night, 
future studies would benefit from collection and 
reporting of specific co-morbidities that may con-
tribute to breathlessness, including heart failure 
and pulmonary hypertension. Future studies 
would benefit from a longer trial period, with 
more frequent scheduled supports, to enable par-
ticipants to become more familiar with and accli-
matised to the NHF device and trial procedures.

Conclusions
This pilot study of air-only NHF in people with 
COPD with breathlessness who do not qualify for 
domiciliary oxygen indicates that a phase III trial 
is feasible, albeit refinement of the delivery would 
be beneficial. Preliminary data are not sufficient 
to determine the effectiveness of the intervention 
on symptom burden. Qualitative data from 

participants highlight barriers to usage including 
discomfort, logistical difficulties and concerns 
about long-term dependence, but also indicates 
that some participants perceive benefit from the 
therapy and elect to continue usage post-trial.

Declarations

Ethics approval and consent to participate
This trial was sponsored by the Royal Melbourne 
Hospital. All trial activities were approved by, and 
conducted in accordance with, The Royal 
Melbourne Hospital Human Research Ethics 
Committee (HREC 2020/124). Governance 
approvals were additionally obtained from all trial 
sites (Alfred Health 430/21 and Peter MacCallum 
Cancer Centre 20/221 (no participants were 
enrolled at Peter MacCallum Cancer Centre)). 
Written consent was obtained from all trial par-
ticipants. Trial details were prospectively regis-
tered on the Australian and New Zealand Clinical 
Trials Register (ANZCTR 12621000044820).

Consent for publication
All participants provided written consent for 
publication.

Author contributions
Natasha Smallwood: Conceptualisation; Data 
curation; Formal analysis; Funding acquisition; 
Investigation; Methodology; Writing – original 
draft; Writing – review & editing.

Amy Pascoe: Data curation; Formal analysis; 
Investigation; Writing – original draft; Writing – 
review & editing.

Catherine Buchan: Data curation; Formal 
analysis; Investigation; Writing – original draft; 
Writing – review & editing.

Aaron Wong: Conceptualisation; Data curation; 
Formal analysis; Investigation; Methodology; 
Writing – original draft; Writing – review & 
editing.

David Currow: Conceptualisation; Data cura-
tion; Formal analysis; Investigation; Methodology; 
Writing – original draft; Writing – review & 
editing.

Brian Le: Conceptualisation; Data curation; 
Formal analysis; Investigation; Methodology; 
Writing – original draft; Writing – review & 
editing.

https://journals.sagepub.com/home/tar


N Smallwood, A Pascoe et al.

journals.sagepub.com/home/tar	 13

Acknowledgements
We would like to thank the following individuals 
for their assistance with the conduct of trial activi-
ties; George Politis, Gillian McCarthy and Michelle 
Thompson of Royal Melbourne Hospital.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship 
and/or publication of this article: Fisher and 
Paykel Australia and New Zealand provided 
financial support and myAirvo 2 trial devices plus 
consumables for this trial. Funding bodies had no 
role in the research activity, including protocol 
development, ethical approval, participant identi-
fication enrolment, intervention delivery, data 
collection, analysis and publication of results. All 
authors were independent from the funders and 
had access to the study data.

Competing interests
The authors declare that there is no conflict of 
interest.

Availability of data and materials
The datasets used and/or analysed during the cur-
rent study are available from the corresponding 
author on reasonable request.

ORCID iDs
Natasha Smallwood  https://orcid.org/0000- 
0002-3403-3586
Amy Pascoe  https://orcid.org/0000-0002- 
3555-6856
Catherine Buchan  https://orcid.org/ 
0000-0003-4071-2187
David Currow  https://orcid.org/0000- 
0003-1988-1250

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Global Initiative for Chronic Obstructive 

Lung Disease. Global Strategy for the Diagnosis, 
Management, and Prevention of Chronic Obstructive 
Pulmonary Disease (2023 Report). 2023. Global 
Initiative for Chronic Obstructive Lung Disease.

	 2.	 Adeloye D, Chua S, Lee C, et al. Global 
and regional estimates of COPD prevalence: 
systematic review and meta-analysis. J Glob 
Health 2015; 5: 020415.

	 3.	 World Health Organisation (WHO). Global health 
estimates 2016: Deaths by cause, age, sex, by country 
and by region, 2002–2016. Geneva: World Health 
Organisation (WHO), 2018.

	 4.	 Philip J, Lowe A, Gold M, et al. Palliative care 
for patients with chronic obstructive pulmonary 
disease: exploring the landscape. Intern Med J 
2012; 42: 1053–1057.

	 5.	 Toelle BG, Xuan W, Bird TE, et al. 
Respiratory symptoms and illness in older 
Australians: the Burden of Obstructive Lung 
Disease (BOLD) study. Med J Aust 2013; 198: 
144–148.

	 6.	 Australian Institute of Health and Welfare. Australia’s 
health 2018: in brief. Canberra: AIHW, 2018.

	 7.	 Australian Institute of Health and Welfare. 
Chronic obstructive pulmonary disease (COPD). 
Canberra: AIHW, 2020.

	 8.	 American Thoracic Society. Dyspnea. 
Mechanisms, assessment, and management: 
a consensus statement. American Thoracic 
Society. Am J Respir Crit Care Med 1999; 159: 
321–340.

	 9.	 Solano JP, Gomes B and Higginson IJ. A 
comparison of symptom prevalence in far 
advanced cancer, AIDS, heart disease, chronic 
obstructive pulmonary disease and renal disease. 
J Pain Symptom Manage 2006; 31: 58–69.

	10.	 Blinderman CD, Homel P, Billings JA, et al. 
Symptom distress and quality of life in patients with 
advanced chronic obstructive pulmonary disease. J 
Pain Symptom Manage 2009; 38: 115–123.

	11.	 Zhou J, Nehme E, Dawson L, et al. 
Epidemiology, outcomes and predictors of 
mortality in patients transported by ambulance 
for dyspnoea: a population-based cohort study. 
Emerg Med Australas 2023; 35: 48–55.

	12.	 Reddy SK, Parsons HA, Elsayem A, et al. 
Characteristics and correlates of dyspnea in 
patients with advanced cancer. J Palliat Med 
2009; 12: 29–36.

	13.	 Currow DC, Grande ED, Ferreira D, et al. 
Chronic breathlessness associated with poorer 
physical and mental health-related quality of life 
(SF-12) across all adult age groups. Thorax 2017; 
72: 1151.

	14.	 Celli BR, Cote CG, Marin JM, et al. The body-
mass index, airflow obstruction, dyspnea, and 
exercise capacity index in chronic obstructive 
pulmonary disease. N Engl J Med 2004; 350: 
1005–1012.

	15.	 Ong KC, Earnest A and Lu SJ. A 
multidimensional grading system (BODE index) 

https://journals.sagepub.com/home/tar
https://orcid.org/0000-0002-3403-3586
https://orcid.org/0000-0002-3403-3586
https://orcid.org/0000-0002-
https://orcid.org/0000-0003-1988-1250
https://orcid.org/0000-0003-1988-1250


Volume 19

14	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

as predictor of hospitalization for COPD. Chest 
2005; 128: 3810–3816.

	16.	 Mannino DM and Kiriz VA. Changing the 
burden of COPD mortality. Int J Chron Obstruct 
Pulmon Dis 2006; 1: 219–233.

	17.	 Politis J, Eastman P, Le B, et al. Managing severe 
chronic breathlessness in chronic obstructive 
pulmonary disease is challenging for general 
practitioners. Am J Hosp Palliat Care 2021; 38: 
472–479.

	18.	 Smallwood N, Ross L, Taverner J, et al. A 
palliative approach is adopted for many patients 
dying in hospital with chronic obstructive 
pulmonary disease. COPD 2018; 15: 503–511.

	19.	 Smallwood N, Currow D, Booth S, et al. 
Differing approaches to managing the chronic 
breathlessness syndrome in advanced COPD: a 
multi-national survey of specialists. COPD 2018; 
15: 294–302.

	20.	 Medical Research Council Working Party. Long 
term domiciliary oxygen therapy in chronic 
hypoxic cor pulmonale complicating chronic 
bronchitis and emphysema. Report of the 
Medical Research Council Working Party. Lancet 
1981; 1: 681–686.

	21.	 Long-Term Oxygen Treatment Trial Research 
Group, Albert RK, Au DH, et al. A randomized 
trial of long-term oxygen for COPD with 
moderate desaturation. N Engl J Med 2016; 375: 
1617–1627.

	22.	 Uronis HE, Ekström MP, Currow DC, et al. 
Oxygen for relief of dyspnoea in people with 
chronic obstructive pulmonary disease who 
would not qualify for home oxygen: a systematic 
review and meta-analysis. Thorax 2015; 70: 
492–494.

	23.	 Abernethy AP, McDonald CF, Frith PA, et al. 
Effect of palliative oxygen versus room air in 
relief of breathlessness in patients with refractory 
dyspnoea: a double-blind, randomised controlled 
trial. Lancet 2010; 376: 784–793.

	24.	 Spoletini G, Alotaibi M, Blasi F, et al. Heated 
humidified high-flow nasal oxygen in adults: 
mechanisms of action and clinical implications. 
Chest 2015; 148: 253–261.

	25.	 Papazian L, Corley A, Hess D, et al. Use of high-
flow nasal cannula oxygenation in ICU adults: 
a narrative review. Intensive Care Med 2016; 42: 
1336–1349.

	26.	 Pisani L and Vega ML. Use of nasal high flow in 
stable COPD: rationale and physiology. COPD 
2017; 14: 346–350.

	27.	 Drake MG. High-flow nasal cannula oxygen in 
adults: an evidence-based assessment. Ann Am 
Thorac Soc 2018; 15: 145–155.

	28.	 Peters SG, Holets SR and Gay PC. High-flow 
nasal cannula therapy in do-not-intubate patients 
with hypoxemic respiratory distress. Respir Care 
2013; 58: 597–600.

	29.	 Epstein AS, Hartridge-Lambert SK, Ramaker 
JS, et al. Humidified high-flow nasal oxygen 
utilization in patients with cancer at Memorial 
Sloan-Kettering Cancer Center. J Palliat Med 
2011; 14: 835–839.

	30.	 Hui D, Morgado M, Chisholm G, et al. High-
flow oxygen and bilevel positive airway pressure 
for persistent dyspnea in patients with advanced 
cancer: a phase II randomized trial. J Pain 
Symptom Manage 2013; 46: 463–473.

	31.	 Storgaard LH, Hockey HU, Laursen BS, et al. 
Long-term effects of oxygen-enriched high-flow 
nasal cannula treatment in COPD patients with 
chronic hypoxemic respiratory failure. Int J 
Chron Obstruct Pulmon Dis 2018; 13: 1195–1205.

	32.	 Bianquis C, Rolland-Debord C, Rivals I,  
et al. Dyspnoea relief as an inherent benefit of 
high flow nasal cannula therapy: a laboratory 
randomized trial in healthy humans. Respirology 
2024; 29: 46–55.

	33.	 Shahsavari H, Matourypour P, Ghiyasvandian 
S, et al. Medical Research Council framework 
for development and evaluation of complex 
interventions: a comprehensive guidance. J Educ 
Health Promot 2020; 9: 88.

	34.	 Moher D, Hopewell S, Schulz KF, et al. 
CONSORT 2010 explanation and elaboration: 
updated guidelines for reporting parallel group 
randomised trials. BMJ 2010; 340: c869.

	35.	 Schünemann HJ, Griffith L, Jaeschke R, et al. 
A comparison of the original chronic respiratory 
questionnaire with a standardized version. Chest 
2003; 124: 1421–1429.

	36.	 Palliative Care Outcomes Collaboration. 
Palliative Care Outcomes Collaboration Clinical 
Manual. University of Wollongong, Wollongong, 
NSW, Australia, 2021.

	37.	 Abernethy AP, Shelby-James T, Fazekas 
BS, et al. The Australia-modified Karnofsky 
Performance Status (AKPS) scale: a revised 
scale for contemporary palliative care clinical 
practice [ISRCTN81117481]. BMC Palliat Care 
2005; 4: 7.

	38.	 Buysse DJ, Reynolds CF 3rd, Monk TH,  
et al. The Pittsburgh Sleep Quality Index: a new 

https://journals.sagepub.com/home/tar


N Smallwood, A Pascoe et al.

journals.sagepub.com/home/tar	 15

instrument for psychiatric practice and research. 
Psychiatry Res 1989; 28: 193–213.

	39.	 Braun V and Clarke V. Using thematic analysis 
in psychology. Qual Res Psychol 2006; 3: 
77–101.

	40.	 Johnson MJ, Bland JM, Oxberry SG, et al. 
Clinically important differences in the intensity of 
chronic refractory breathlessness. J Pain Symptom 
Manage 2013; 46: 957–963.

	41.	 Christley R. Power and error: increased risk of 
false positive results in underpowered studies. 
Open Epidemiol J 2010; 3: 16–19.

	42.	 May AM, Gharibeh T, Wang L, et al. CPAP 
adherence predictors in a randomized trial of 
moderate-to-severe OSA enriched with women 
and minorities. Chest 2018; 154: 567–578.

	43.	 Rapelli G, Pietrabissa G, Manzoni GM, et al. 
Improving CPAP adherence in adults with 
obstructive sleep apnea syndrome: a scoping 
review of motivational interventions. Front Psychol 
2021; 12: 705364.

	44.	 Cullen DL. Long term oxygen therapy adherence 
and COPD: what we don’t know. Chron Respir 
Dis 2006; 3: 217–222.

	45.	 Langsetmo L, Platt RW, Ernst P, et al. 
Underreporting exacerbation of chronic obstructive 
pulmonary disease in a longitudinal cohort. Am J 
Respir Crit Care Med 2008; 177: 396–401.

	46.	 Dretzke J, Wang J, Yao M, et al. Home non-
invasive ventilation in COPD: a global systematic 
review. Chronic Obstr Pulm Dis 2022; 9: 237–251.

	47.	 Spurr L. The treatment burden of long-term 
home noninvasive ventilation. Breathe (Sheff) 
2021; 17: 200291.

	48.	 Rai KK, Adab P, Ayres JG, et al. Systematic 
review: chronic obstructive pulmonary disease 
and work-related outcomes. Occup Med 2018; 68: 
99–108.

	49.	 Jan S, Essue BM and Leeder SR. Falling through 
the cracks: the hidden economic burden of 
chronic illness and disability on Australian 
households. Med J Aust 2012; 196: 29–31.

Visit Sage journals online 
journals.sagepub.com/
home/tar

 Sage journals

https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar

