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BACKGROUND: The perceptions of using noninvasive ventilation (NIV) during exercise in patients
with COPD who are naive to NIV is unknown. The present study aimed to examine the perceptions
of using NIV during exercise in people with COPD and to determine the relationship between
patient perceptions with both baseline patient characteristics and exercise outcomes. METHODS:
During a trial examining the effect of NIV during exercise on dynamic hyperinflation in people
with COPD who were naive to NIV, participants completed a 5-point Likert scale questionnaire
(scored strongly disagree —2 to strongly agree +2) before and after using NIV during exercise
and a semi-structured interview after using NIV during exercise. RESULTS: Eighteen partici-
pants, mean age (SD) 69 (7) y, FEV,/FVC 0.44 (0.08), FEV, 39 (7)% predicted, completed the study.
Prior to exercise with NIV, participants were neutral about NIV, (mean [SD]) (0.67[0.84]). After
exercise with NIV, participants felt that NIV made breathing easier (1.00 [0.77]) and that it helped
exercise (1.06 [0.64]). There were moderate correlations between feeling that NIV was comfortable
or effective and a change in exercise endurance time (p = — 0.588, P = .02), isotime inspiratory
capacity (p = 0.488, P = .03), and measures of resting hyperinflation (p = 0.603, \P = .02).
Interviews revealed that despite feeling comfortable using NIV during exercise, NIV might be too
complicated for patients to manage outside a supervised environment. CONCLUSIONS: Individuals
with COPD, naive to NIV, and using NIV during exercise for the first time reported a positive effect
of NIV on breathlessness and exercise performance. Participants’ perceived benefit of NIV corre-
lated moderately with increased endurance time and resting hyperinflation and with a reduction in
dynamic hyperinflation during exercise, suggesting that patient reports could also aid selection of
those who will benefit from NIV during exercise. Key words: COPD; exercise; noninvasive ventila-
tion, pulmonary rehabilitation. [Respir Care 2022;67(5):543-552. © 2022 Daedalus Enterprises]

Introduction

with severe COPD can reduce exertional dyspnea and

Pulmonary rehabilitation, with a key component of exer-
cise training, is recommended in national guidelines as best-
practice management for people with COPD.'~* Noninvasive
ventilation (NIV) as an adjunct to exercise in individuals
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improve exercise capacity during a single exercise session.
The use of NIV during exercise training over multiple ses-
sions allows individuals to train at a higher intensity and
achieve greater physiological training effects compared to
exercise without NIV.” However, individual responses to
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using NIV during exercise vary,” and the effect of NIV dur-
ing exercise training on exercise capacity after training is
unclear, with health-related quality of life appearing no bet-
ter or worse.” While the routine use of NIV during exercise
training is not recommended, NIV during exercise may have
a role in assisting selected individuals who have a subopti-
mal response to exercise training.® Despite the purported
benefits of NIV, for people naive to NIV, learning to breathe
with NIV during exercise may be difficult and could be a
source of variability in study findings.

Tolerance and acceptance of NIV during exercise may
be linked to prior NIV experience. One study involving 50
participants with chronic hypercapnic respiratory failure
secondary to severe COPD or severe restrictive thoracic
disease, who were on long-term nocturnal NIV, found only
one participant (4%) discontinued exercise training due to
intolerance of NIV during exercise.’ In contrast, another
study that recruited 33 participants with moderate COPD
who were naive to NIV reported that 5 participants (28%)
were unable to tolerate NIV during exercise and withdrew
from the study.'® Patient perceptions toward using NIV dur-
ing exercise, especially in patients who are naive to NIV,
may impact both the tolerance and the efficacy of NIV dur-
ing exercise. To date, perceptions about using NIV during
exercise in people with COPD have not been studied.
Further, it is unclear whether there is a relationship between
patient perceptions of NIV during exercise and their base-
line characteristics or exercise outcomes.

The present study aimed to (1) explore the perceptions of
using NIV during exercise in patients with severe COPD
who were naive to NIV, (2) evaluate the relationships
between individual perceptions of NIV during exercise and
both baseline characteristics and exercise outcomes with
NIV during exercise, and (3) identify potential barriers and
facilitators to using NIV during exercise.

Methods

Participants were recruited as part of a randomized
crossover trial examining the effects of NIV during exer-
cise on dynamic hyperinflation and cycle endurance time
in people with severe COPD attending pulmonary
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QUICK LOOK

Current knowledge

The use of noninvasive ventilation (NIV) during exer-
cise allows individuals to train at a higher intensity and
achieve greater physiological effects compared to exer-
cise without NIV. However, there is variability in the
tolerance to NIV during exercise. Patient perceptions
toward using NIV, especially in patients who are naive
to NIV, may impact both the tolerance and the efficacy
of NIV during exercise.

What this paper contributes to our knowledge

Individuals with severe COPD who were using NIV
during exercise for the first time perceived NIV as
being effective at reducing breathlessness during exer-
cise and increasing exercise endurance. Participants
who perceived an improvement were more likely to
have an actual change in exercise duration with NIV
during exercise compared to exercise without NIV.

rehabilitation in Australia (Royal Prince Alfred Hospital,
Sydney) and Germany (Schoen Klinik, Berchtesgadener
Land), (Fig. 1, Ethics approval: HREC/13/RPAH/388 and
192/17; Trial registration: ACTRN12613000804785)."
Inclusion criteria were a diagnosis of COPD with an
FEV,/FVC < 0.7, FEV; < 50% predicted, a residual vol-
ume (RV)/total lung capacity (TLC) > 110% predicted,
no exacerbations in the past 4 weeks, and dynamic hyper-
inflation classified as > 110 mL or > 11% reduction in
inspiratory capacity (IC) during a peak incremental cycle
test.'? Individuals were excluded if they had significant
non-COPD lung disease, body mass index > 35 kg/m?, or
nonrespiratory conditions that were likely to limit exercise
performance.

Methods for the randomized crossover trial have previ-
ously been reported.'' Briefly, pulmonary function tests, an
incremental cycle test, and a short trial of NIV at rest and
during exercise were performed on day 1. On day 2, partici-
pants performed 3 cycle endurance tests (CETs) to volun-
tary cessation (Fig. 2). The work rate was set at 75% of the
peak work rate achieved in the incremental test. The 3
CETs were performed in random order: without NIV, with
bi-level NIV using a standard expiratory positive airway
pressure of 5 cm H,O, and with bi-level NIV using an indi-
vidually titrated EPAP of 4.0 = 1.2 cm H,0O. The titrated
EPAP was determined by trialing CPAP in 1-cm H,O
increments from 4-8 cm H,O at rest. The level of pressure
that maximized IC was selected.'® Pressure support of 11.0
* 2.2 cm H,0 was provided above EPAP. Bi-level NIV
was delivered using an Astral 150 ventilator (ResMed,
Sydney, New South Wales, Australia) with a dual-limb
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Assessed for eligibility
48

Excluded
29
» Did not meet inclusion
criteria: 24
Declined to participate: 5

A

Subjects enrolled
19

v Y Y
Standard NIV Titrated NIV
6 6 7

Titrated NIV No NIV Standard NIV
6 6 7

\J

Standard NIV Titrated NIV No NIV
6 6 7
_ | Did not complete
! questionnaire: 1
Analyzed
18

Fig. 1. Flow chart. NIV= noninvasive ventilation.

NIV
acclimatization Incremental

Pre-NIV (rest and peak

survey PFTs exercise) exercise test
Day 1 |

Post-NIV Semi-structured

CET1 CET2 CET3 survey interview

Day 2
L )
Al
Randomized
trial of NIV

during exercise

Fig. 2. Trial data collection time points. Survey questions and inter-
view as well as baseline characteristics and exercise outcomes for
correlation are shown. PFTs = pulmonary function tests; CET =
cycle endurance test.
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circuit and a full-face mask. Physiological variables were
measured throughout exercise and compared between tests
at isotime (the duration of the shortest test) and at end
exercise.

In the present study, participants completed 2 surveys
(one on day 1 and one after the CETs on day 2) and a semi-
structured interview after the CETs on day 2 (Fig. 2). The
first survey (pre-NIV survey), performed at the beginning of
day 1 of testing, included 6 questions about participants’ pre-
vious experience and perceptions of using adjuncts to man-
age their lung disease, such as supplemental O,, CPAP, or
NIV. In addition, on a 5-point Likert scale, participants were
asked to score whether breathlessness limited their exercise
performance and if they would consider using an adjunct to
manage breathlessness during exercise. Participants were
also asked to nominate their preference of using either no
adjuncts during exercise, supplemental O,, or NIV during
exercise. Finally, participants were asked to describe the sen-
sation of their exertional dyspnea by selecting one or more
common descriptors of breathlessness."

The second survey (post-NIV survey) was completed im-
mediately following the last exercise session on the second
day of testing, which was after using NIV during 2 exercise
tests. Questions from the pre-NIV survey about partici-
pants’ perceptions toward the use of adjuncts to assist
breathing during exercise were repeated. In addition, partic-
ipants were questioned about the use of NIV during exer-
cise after having had some experience. Using 5-point
Likert scales, participants were asked a series of questions
to determine if NIV during exercise was helpful, comforta-
ble, and if they would consider using NIV during exercise
in the future.

After completion of the post-NIV survey, a semi-struc-
tured interview was conducted with each participant. The
investigator documented participants’ responses to each
question and verified the accuracy of the documented
responses with each participant. Questions were developed
around 4 main issues associated with using NIV during
exercise: comfort, ease of use, practicality, and feeling of
benefit.

Analysis

Responses to the 5-point Likert scale questions from the
pre-NIV and post-NIV surveys were converted into numeri-
cal data (strongly agree = 2, agree = 1, neutral = 0, dis-
agree = —1, strongly disagree = —2) to allow the
calculation of mean * standard deviation (SD) and correla-
tion with other variables. The relationships between post-
NIV survey responses regarding the use of NIV during
exercise and the change in cycle endurance time with NIV
compared to exercise without NIV, as well as the difference
in the change in IC from baseline to isotime exercise with
NIV compared to exercise without NIV, were assessed by
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Table 1.  Participant Characteristics

Value % Predicted
Male: female 10:8
Age,y 69 =7
BMLI, kg/m* 247 =42
Ex-smokers: current 15:3
NIV naive: non-naive 18:0
Pco,, mm Hg 359 +43
Po,, mm Hg 67.4 = 6.6
HCO;, mmol/L 24.1 £1.93
FEV, L 1.04 £0.24 39+7
FVC,L 242 = 0.61 70 = 15
FEV,/FVC, % 44 + 8
MVV, L/min 41.5+95
TLC,L 7.56 £ 1.55 124 = 22
FRC, L 5.86 £ 1.55 204 = 49
IRV, L 2.42 +£0.61 61 12
RV,L 5.11 = 1.39 217 = 65
RV/TLC 0.67 = 0.90 165 + 28
VE/MVV (%) 76 + 10
Pimax 1.0 s, cm H,O 55.7 = 21.76 73 = 28
PEmax 1.0 s, cm H,O 78.3 £26.5 76 = 29

Data presented as mean * SD unless otherwise indicated. Blood gas analysis was performed
using a sample of arterialized earlobe capillary blood.

BMI = body mass index

NIV = noninvasive ventilation

MVV = maximum voluntary ventilation

TLC = total lung capacity

FRC = functional residual capacity

IRV = inspiratory reserve volume

RV = residual volume

RV/TLC = residual volume as a fraction of TLC

VE/MVV = minute ventilation as a fraction of maximal voluntary ventilation
Prmax 1.0 s = maximum inspiratory mouth occlusion pressure >1 s

Pemax 1.0 s = maximum expiratory mouth occlusion pressure >1 s

calculating Spearman rank correlation coefficients. The
relationship between post-NIV survey responses regarding
the use of NIV during exercise and both RV/TLC % pre-
dicted and change in IC during the incremental peak cycle
test were also determined by calculating Spearman rank
correlation coefficients. The interview questions guided the
categories under which interview responses were coded.
Three investigators individually read the responses and
then agreed upon a set of codes for content analysis'®> and
reporting.

Results

Nineteen participants were recruited, and 18 completed
the study (Table 1). No participants had previously used
NIV. Two participants had previously used nocturnal
CPAP, and 2 participants had experience using supplemen-
tal O, via nasal prongs during a hospital admission.

Pre-NIV survey responses are displayed in Figure 3. Most
participants stated that breathlessness limited their ability to
exercise. Participants’ preferences regarding the use of sup-
plemental O, via nasal cannula or the use of NIV via a mask
during exercise were on average neutral (mean = SD: 0.1 =
0.7, 0.3 = 0.7, respectively). However, there was a slightly
higher preference for using supplemental O, to assist breath-
ing compared with NIV. The most common descriptor of
breathlessness was “My breathing requires effort” (n = 8);
however, all descriptors were given by at least one partici-
pant (Table 2).

Post-NIV survey responses showed that most participants
agreed or strongly agreed that NIV helped them breathe
more easily during exercise (15/18, 83%) and that NIV did
not increase breathlessness (16/18, 89%). In addition,
slightly more than half of the participants agreed that the

Mean
(SD)

Breathlessness is the main thing
that limits my ability to exercise

| would use nasal prong oxygen
to assist my breathing

| would use a mask to assist
breathing (eg, BPAP)

1.78
(0.43)

0.56
(0.78)
0.67
(0.84)

m Strongly Disagree = Disagree 0
Neutral Agree
m Strongly Agree

3

6 9 12 15 18

Respondents in each category (n)

Fig. 3. Pre-NIV survey responses. Mean and SD calculated from scored responses. Responses scored as: strongly agree = 2; agree = 1; neu-

tral = 0; disagree = —1; strongly disagree = —2.
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Table 2.  Breathlessness Descriptors
I Cannot Get My Breath Does Not My Breath Does Not My Chest Feels My Breathing
Enough Air, n Go in All the Way, n Go Out All the Way, n Tight, n Requires Effort, n
Pre-NIV survey question: “I would 4 5 6 2 14
describe my sensation of breathless-
ness as.”
Post-NIV: “Which descriptor was most 3 4 3 2 11
changed by using NIV during
exercise.”
n = Number of participants who scored each descriptor. Participants could select more than one response for each question if applicable.
NIV= noninvasive ventilation
Mean
(SD)
With the mask to assist breathing during exercise, _| 1.00
| felt that breathing was easier (0.77)
With the mask to assist breathing during exercise, 4o -1.22
| experienced more breathlessness than without the mask (0.65)
The mask to assist breathing helped me to exercise — (g)'gi)
0.17
The mask was uncomfortable —{Il (1.04)
- . 0.67
Breathing in was comfortable while on the mask - (0.91)
Breathing out was comfortable while on the mask - 0.78
(0.73)
| felt uncomfortable using the mask to assist breathing at rest —|I (‘1013:‘?;
| felt comfortable using the mask to assist breathing _| 0.78
while exercising on the bike (0.88)
| felt claustrophobic using a mask to assist breathing -0.83
during exercise (1.38)
| would feel confident using the mask to assist 0.56
breathing by myself
gbymy I T T T T T T T T (1.34)
m Strongly Disagree = Disagree 0 2 4 6 8 10 12 14 16 18
Neutral Agree Respondents in each category (n)
m Strongly Agree

Fig. 4. Post-NIV survey responses. Mean and SD calculated from scored responses. Responses scored as: strongly agree = 2; agree = 1; neu-

tral = 0; disagree = —1; strongly disagree = —2.

NIV mask was uncomfortable (10/18, 55%); even so, 55%
(10/18) of participants agreed or strongly agreed that they
would feel confident using the mask (NIV) by themselves to
assist breathing during exercise (Fig. 4).

Correlations between post-NIV survey questions and base-
line characteristics and outcomes from the exercise tests
showed a moderate positive correlation between RV/TLC %
predicted at baseline and Q1, “With the mask to assist breath-
ing during exercise, I felt that breathing was easier” (p =
0.603, P = .02); Q3, “The mask to assist breathing helped me
to exercise” (p = 0.491, P = .047); and Q8, “I felt comforta-
ble using the mask to breathe during exercise” (p = 0.510,
P = .033). A moderate negative correlation was found
between RV/TLC % predicted at baseline and Q2, “I
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experienced more breathlessness with NIV” (p = — 0.510, P
= .031). A moderate negative correlation was also observed
between Q2 and the change in exercise duration using NIV
with standard EPAP compared to no NIV during exercise (p
= — 0.588, P = .02). Finally, a moderate positive correlation
was found between Q8 and change in IC with titrated EPAP
(measured as the difference in the change in IC from baseline
to isotime using NIV compared to no NIV, with a large posi-
tive difference indicating a greater preservation of IC with
NIV) during exercise compared to no NIV during exercise
(p = 0.488, P = .03) (Table 3, Fig. 5).

After completion of constant work rate cycle tests on day
2, the most common descriptor of breathlessness selected
by participants as most changed by using NIV during
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Correlations Between Post-Noninvasive Ventilation Survey Responses and Baseline Characteristics and Outcomes From the Exercise Tests

Q4 Q5 Q6 Q7 Q8 Q9 Q10

Table 3.
Q1 Q2

Change in exercise duration, standard EPAP 0.073 —0.441
% Change in exercise duration, standard EPAP 0.166 —0.588%*
Change in IC, standard EPAP 0.212 —0.167
% Change in IC, standard EPAP 0.122 —0.185
Change in exercise duration, titrated EPAP 0.054 —0.445
% Change in exercise duration, titrated EPAP 0.073 —0.450
Change in IC, titrated EPAP 0.333 —0.051
% Change in IC, titrated EPAP 0.151 0.014
RV/TLC 0.377 —0.496*
RV/TLC, % predicted 0.603**  —0.510%
Change in IC in ICT —0.079 0.427
% Change in IC in ICT —-0.214 0.385

Correlation matrix of post-NIV questions (Q1-Q10) to baseline characteristics and exercise outcomes.

#P < .05; % =P < .0l

EPAP = expiratory positive airway pressure
IC = inspiratory capacity

RV = residual volume

TLC = total lung capacity

ICT = incremental peak cycle test

0206 —-0.303 0200 0.170 —-0.376  0.262 —0.202  0.033
0231 -0.162 0.119 0237 —-0.288  0.195 —0.143  0.048
—-0.082 —-0.200 0.190 0.041 -0.073 0351 —0.313  0.333
-0.092 -0.092 0095 0216 0.112 0304 —-0.318 0.239
0361 —0.090 0.199 0.135 —-0.418 0293 —0.120 -0.027
0226 —0.048 0.190 0.233 —-0.304 0293 —0.136 —0.028
0.141 0.169  0.255 0.175  0.253  0.488* —0.075  0.327
0.212 0.154 0.243  0.171 0.244 0417 —0.180  0.233
0.369 —0.068  0.258 —0.071 0.063  0.327 0.029 —-0.062
0.491* —0.139 0454  0.134  0.041 0.510%  —0.09 0.229
—0.264 0.134 —0.138 —-0.440 —-0.059  0.112 0.343 —0.237
—0.333 0.184 —-0.336 —-0.449 -0.010 —-0.075 0.353 —0.446

exercise was “my breathing requires effort.”” Other descrip-
tors of breathlessness, “my breath does not go in/out all the
way” and “I can’t get enough air,” also changed with NIV
during exercise (Table 2).

Before trialing NIV, no participant selected NIV as their
preferred adjunct during exercise; 28% (5/18) selected sup-
plemental O,, and 72% (13/18) selected nothing. After tria-
ling NIV during exercise, 2 participants who previously
chose supplemental O, and 3 participants who chose nothing
selected NIV as their preferred adjunct, resulting in 5/18
(28%) selecting NIV, 3/18 (17%) selecting supplemental O,,
and 10/18 (55%) selecting nothing.

When asked to select their preferred test of the 3 CETs
performed (one without NIV and 2 with NIV), 13/18 partici-
pants preferred the exercise test with NIV (8 preferred NIV
with standard EPAP, 5 preferred NIV with titrated EPAP),
and 5/18 preferred no NIV. Over half (55%) of all partici-
pants (10/18) selected the second test using NIV during exer-
cise as their preferred test with NIV.

Interview questions (Table 4) were divided into 4 catego-
ries: comfort, ease of use, practicality, benefit. Responses
within each category regarding the use of NIV during exer-
cise had words or phrases repeated by multiple participants
during the interviews. Examples of common words or
phrases for each category are presented below and in Table
5.

Comfort

Participants stated that NIV during exercise was comfort-
able (7/18 participants); others stated that NIV was
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comfortable with a caveat (4/18 participants) such as “pro-
vided I was in rhythm” (participant 16), and others found
NIV during exercise uncomfortable (7/18 participants). The
size and weight of the NIV equipment were mentioned as
being “uncomfortable” to wear (participant 18) as well as
the mask specifically being “too hot” (participant 14) and
“not fitting correctly to an open mouth” (participant 7).
Common sources of discomfort cited were “leaks” (partici-
pant 4) and lack of “sync” (patient-ventilator asynchrony)
(participant 13).

Ease of Use

Some participants felt that the ventilator was “unneces-
sary and complicated” (participant 5) and that they would
only use NIV during “supervised training” (participant
14) and “under the direction of professionals to operate
the device” (participant 4). The correct fitting of the full-
face mask and tubing was also a point of concern for some
participants who at times felt they were unsafe (mentioned
by 5/18 participants) and potentially unable to remove the
mask swiftly without assistance (mentioned by 4/18
participants).

Practicality

The ventilator was seen as large (9/18 participants),
bulky (7/18 participants), and not portable (4/18 partici-
pants) for use during different activities and exercise.
The full-face mask and dual-limb circuit used in this trial
were also seen as unusable without assistance outside of
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Table 4.  Coding and Responses to Semi-Structured Interview Questions
Category Code Example Quote
Comfort Supportive and comfortable “It was supportive and comfortable,” participant 6.
Comfortable with a provision “It was ok when everything was in rhythm but when it was out of sync it dis-
turbed my breathing. It was very uncomfortable at the end, just after exercise
stopped, I felt trapped and claustrophobic,” participant 13.
Not comfortable “It was only just tolerable, the thick tubes were intimidating ... the mask in
general was uncomfortable, claustrophobic, hot and sweaty,” participant 14.
Ease of use Device operation “Definitely requires a specialist and someone to fit and set it up,” participant 4.
Learning to breathe with NIV “In the beginning it was difficult to adapt to the support/rhythm of the
machine,” participant 7.
Concern of safety “Coughing is difficult. Need to be able to remove the mask quickly if there is
panic and I can’t do that myself,” participant 13.
Benefit Breathing supported “Made breathing easier, also helped to breathe for longer before feeling breath-
less,” participant 6.
Exercise supported “I had the feeling of better endurance. If my legs were not limiting me, my
breathing would have allowed me to exercise much longer,” participant 17.
Practicality Device size “The big ventilator is disturbing. I can imagine a lot of people staring at some-

Embarrassment/self-conscious

Use situation

thing so big,” participant 13.

“Wouldn’t want to wear the mask in front of others, even if it meant I could go
for longer walks,” participant 3.

“Training in rehab but also some home training. With a smaller/simpler device
I would consider it for more activities,” participant 16.

NIV = noninvasive ventilation

Table 5.  Semi-Structured Interview Questions

Semi-Structured Interview Questions Category
Have you had any previous experience with NIV? N/A
Do you have any comments about your breathlessness? N/A
Out of the three exercise tests, which test did you find the easiest to complete? Benefit
Out of the two tests with the mask to assist breathing, which did you find the easiest to complete? Benefit

Do you have any comments on using the mask during exercise?

How comfortable was NIV?

Would you only use NIV at pulmonary rehabilitation or would you use it at home?

What activities would you consider using NIV for?

Would you use NIV in front of other people?

What are your concerns with using a mask to assist breathing?

What was it about using a mask to assist breathing was most important to you?

Did the mask help you during exercise?

In what way did/didn’t it help you?

If NIV did help, what activities do you think it could be used for and how would you like to use it?
eg, during exercise at pulmonary rehab, during certain activities at home

Would you feel comfortable using the mask to assist breathing during exercise in the presence of
other people? Why/why not?

What were the best and worst things about using a mask to assist breathing during exercise?

Is there anything that would make the mask to assist breathing better or easier to use during
exercise?

Did your opinion about using the mask to assist breathing during exercise change after you had tri-
aled it?

If so, how did your opinion change?

N/A = not applicable as the question is related to background information about the participant.
NIV = noninvasive ventilation

Comfort/Ease of use
Comfort
Practicality
Practicality
Practicality

Ease of use
Practicality

Benefit

Benefit

Practicality

Practicality

Benefit/Comfort
Ease of use

Ease of use

Ease of use
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clinical settings such as a rehabilitation program (6/18
participants).

Benefit

The benefit from the ventilator in terms of a reduction in
breathlessness was reported by 12/18 (67%) of participants,
with 2 participants also reporting that they were able to do
more exercise with the support from NIV (2/18 participants).
All participants agreed NIV could aid exercise (18/18 partici-
pants), yet many commented that they themselves were not
sick enough to need it (12/18 participants).

Discussion

To our knowledge, this is the first study to report the per-
ceptions of using NIV during exercise in people with
COPD who were naive to NIV and to evaluate the relation-
ship between perceptions of using NIV during exercise and
both baseline characteristics and exercise outcomes. The
main findings of the study were that participants generally
perceived NIV during exercise as beneficial, with greater
improvements in exercise endurance time with NIV in
those participants who reported higher levels of benefit
with NIV. In addition, participants were positive toward
using NIV during exercise training in pulmonary rehabilita-
tion. However, many participants found the NIV device
bulky and the mask uncomfortable. The present study also
demonstrated a moderate positive relationship between the
feelings of comfort with NIV during exercise and the
degree of both resting hyperinflation and dynamic hyperin-
flation during exercise.

The perceptions of people using NIV during exercise
have not been examined previously. Other studies that have
reported the perceptions of people with COPD using NIV
have evaluated the use of NIV in the acute care setting dur-
ing hospitalization for acute respiratory failure or in the
home setting with stable patients using long-term nocturnal
NIV.'*!" These studies identified the concept of “adapting
to NIV,” which often entailed an acclimatization period
and a balance between the perceived benefits associated
with using NIV and the negative experiences. The health
care providers emphasized that individualized social sup-
port and personal tolerance to a mask and the NIV appara-
tus were key factors in the acclimatization to NIV.'” The
benefits of an acclimatization period to NIV were also evi-
dent in the present study, with over half of participants
selecting the second test with NIV as their preferred test
overall even though test order was randomized, and no
order effects were seen in exercise outcomes between the 2
NIV tests.!' The choice of the second test was potentially
due to the learning required to breathe in synchrony with
the NIV device, affecting comfort and the perception of
benefit. Participants who felt that the second test with NIV
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was their preferred test stated that they “Started to get used
to NIV and ... the pressures” (participant 6) or “... stayed in
sync more” (participant 3) as reasons for their preference of
the second test with NIV rather than a difference in pres-
sure, comfort, or exercise performance. Participants who
preferred the first NIV test stated that they were “tired in
the second NIV test” (participant 2), which suggested that
fatigue may have been an issue.

The present study found significant relationships between
participants’ perceptions of NIV and objective measures of
exercise with NIV. Specifically, participants who reported
that NIV during exercise helped them, exercised for longer
with NIV compared with participants who did not report that
NIV was beneficial. Participants who had a greater IC at iso-
time with NIV during exercise likewise responded that they
felt comfortable breathing during exercise with NIV. The
link between patient perceptions and changes in physiologi-
cal variables has been reported previously. For example,
research investigating airway clearance techniques in
patients with cystic fibrosis found that participants’ percep-
tion of effective mucus clearance correlated strongly with
objective, physiological measures of improved gas
exchange.” However, a recent study examining the use of a
handheld portable NIV device, used intermittently to relieve
dyspnea during exercise, found that a significant number of
participants showed a subjective preference toward the de-
vice even though increases in exercise duration or reduction
in dyspnea were absent.”' The authors speculated that there
may be a psychological desire to have a device that relieves
breathlessness.

The semi-structured interviews highlighted several bar-
riers and facilitators to the use of NIV during exercise.
Participants stated that the use of NIV during exercise with-
out a health professional to help with the set-up of the de-
vice and the circuit was impractical. Participants also
commented that when breathing was synchronized with the
ventilator, and each breath was supported correctly, it was
comfortable to use. However, when breathing synchrony
was interrupted by leaks around the mask due to movement,
coughing, swallowing, or an unplanned breathing maneu-
ver, it was an effort to return to synchrony, and sometimes
this produced enough discomfort to cause cessation of exer-
cise. A previous study in people with severe COPD who
were naive to NIV found that NIV during exercise using a
nasal mask failed to improve exercise capacity and exercise
endurance time compared to exercise without NIV due to a
significant number of patient-ventilator asynchronies sec-
ondary to leak.”

A study that documented the experiences of subjects
admitted to hospital with acute respiratory failure receiving
NIV for the treatment of an exacerbation of COPD found
that the support of caregivers in whom they had trust, assis-
tance with equipment setup and configuration, reassurance
about the need for NIV, as well as clear directions on use
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gave them the motivation to continue with NIV.'® In the
present study, some participants felt that altering NIV set-
tings or correcting mask leaks to improve synchrony could
not be done easily and required assistance. In addition,
some participants were concerned for their safety while
using a full-face mask as they were unable to doff the mask
independently and would not be willing to attempt using
NIV alone for fear of suffocation. Participants also reported
that the size of the NIV device, associated dual-limb tubing
used in the trial and full-face mask, was a limitation to
using NIV during exercise. The NIV device and tubing
were seen as hard to transport and connect, whereas the
mask was cumbersome to put on and take off. Whereas
55% of participants in the post-NIV survey said they would
be comfortable to use NIV during exercise, in the interview
many participants reported that they would not feel confi-
dent using NIV during exercise outside the pulmonary reha-
bilitation setting.

The current study provides some new information
regarding the selection of suitable candidates for NIV dur-
ing exercise. A relationship between RV/TLC % predicted
and the effectiveness of NIV during exercise in people with
severe COPD has been previously reported and suggests
that individuals with a greater degree of resting hyperinfla-
tion are likely to gain greater improvements in exercise
capacity from using NIV during exercise.'' The present
study demonstrated a link between participants’ perception
of benefit with NIV during exercise and the level of resting
hyperinflation and improvement in exercise endurance with
NIV during exercise. Further, participants with a higher
degree of dynamic hyperinflation during an incremental
peak exercise test were more likely to perceive a benefit
from using NIV during exercise and were more likely to
find NIV comfortable to use. This suggests that patients
themselves could be a useful source of information when
determining whether NIV during exercise is beneficial and,
consequently, may be another tool that clinicians can use to
assist in the selection of candidates for using NIV during
exercise training programs.

The study has some limitations. First, participant percep-
tions of using NIV during exercise were only sampled on 2
occasions, prior to any experience with NIV and directly
following the completion of the exercise tests with NIV.
Consequently, the results may not be able to be generalized
to individuals who have used NIV during exercise for lon-
ger time periods such as during exercise training programs,
as perceptions of using NIV during exercise may change
over time. Second, as participants were recruited for a trial
involving NIV during exercise, it is possible that they were
a selected population with a bias toward using NIV or at
least with an open mind. Third, in the context of this
research trial, participants wore additional equipment, such
as a flow sensor attached to the mask to measure metabolic
and respiratory variables. This additional equipment may
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have impacted participants’ perceptions of the bulk and
complexity of the equipment required to deliver NIV
during exercise. Further, episodes of patient-ventilator
asynchrony were not quantified in the present study and
may have influenced participants’ perceptions of using
NIV during exercise. Additionally, it is unlikely that the
findings of the present study are generalizable to individu-
als with prior experience of using NIV, such as those on
domiciliary nocturnal NIV with existing perceptions of
NIV, which may influence their experience. Finally, the
sample size of the present study was small; and additional
factors that could potentially influence participants’ percep-
tions of using NIV during exercise such as anxiety, depres-
sion, and health-related quality of life were not examined.

Further studies are required to investigate the impact of
psychological, social, and disease-related factors on the
perception of using NIV during exercise in people with
COPD and to determine the most effective methods of
acclimatizing individuals to using NIV during exercise to
improve exercise training program outcomes and comple-
tion rates. Future studies should also investigate whether
individuals established on nocturnal NIV have a different
perception of using NIV during exercise compared with
those individuals who are naive to NIV and to determine
how perceptions of using NIV during exercise change over
the course of a training program.

Conclusions

Individuals with severe COPD generally had positive
perceptions of the use of NIV during exercise for the first
time. Participants regarded NIV as being an effective tool
to reduce breathlessness during exercise and increase exer-
cise endurance. Participants who perceived a greater
improvement with NIV during exercise were more likely to
have an actual increase in exercise duration with NIV dur-
ing exercise compared to exercise without NIV.
Participants did not believe that NIV during exercise could
be used without assistance and supervision.
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