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ABSTRACT
Background People with very severe chronic obstructive 
pulmonary disease (COPD) using nocturnal non- invasive 
ventilation (NIV) for chronic hypercapnic respiratory failure 
(CHRF) experience reduced exercise capacity and severe 
dyspnoea during exercise training (ET). The use of NIV 
during ET can personalise training during pulmonary 
rehabilitation (PR) but whether high- intensity NIV (HI- NIV) 
during exercise is accepted and improves outcomes in 
these extremely physically limited patients is unknown. 
The aim of this trial was to determine if ET with HI- NIV 
during PR was more effective than without at improving 
exercise capacity and reducing dyspnoea during exercise.
Methods Patients with COPD, CHRF and nocturnal- NIV 
were randomised to supervised cycle- ET as part of PR with 
HI- NIV or without (control). Primary outcome was change 
in cycle endurance time (ΔCETtime), while secondary 
outcomes were dyspnoea at isotime during the cycle 
endurance test and during ET- sessions and for the HI- NIV 
group, post- trial preferred exercising method.
Results Twenty- six participants (forced expiratory volume 
in 1 s 22±7%pred, PaCO251±7 mm Hg) completed the 
trial (HI- NIV: n=13, ET: IPAP 26±3/EPAP 6±1 cm H2O; 
control n=13). At completion of a 3 week ET- programme, 
no significant between- group differences in ΔCETtime 
were seen (HI- NIV- control: Δ105 s 95% CI (−92 to 302), 
p=0.608). Within- group ΔCETtime was significant (HI- NIV: 
+246 s 95% CI (61 to 432); control: +141 s 95% CI (60 to 
222); all p<0.05). The number of responders (Δ>minimal 
important difference (MID)101 s: n=53.8%) was the same in 
both groups for absolute ΔCETtime and 69.2% of control and 
76.9% of the HI- NIV group had a %change>MID33%.
Compared with control, the HI- NIV group reported less 
isotime dyspnoea (Δ−2.0 pts. 95% CI (−3.2 to −0.8), 
p=0.005) and during ET (Δ−3.2 pts. 95% CI (−4.6 to 
−1.9), p<0.001). Most of the HI- NIV group (n=12/13) 
preferred exercising with NIV.
Conclusion In this small group of patients with very 
severe COPD requiring nocturnal NIV, participation in an 
ET- programme during PR significantly improved exercise 
capacity irrespective of HI- NIV use. Reported dyspnoea 
was in favour of HI- NIV.

Trial registration number NCT03803358.

INTRODUCTION
Chronic obstructive pulmonary disease 
(COPD) is a progressive disease1 that can 
lead to chronic hypercapnic respiratory 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ High- intensity non- invasive ventilation (HI- NIV) 
during a single exercise session has been shown to 
temporarily reduce carbon dioxide- levels (CO2) and 
dyspnoea, while improving oxygenation and exer-
cise capacity compared with oxygen (O2) alone in 
people with chronic obstructive pulmonary disease 
(COPD) and chronic hypercapnic respiratory failure 
(CHRF). However, no study has investigated the 
effects of using HI- NIV during an exercise training 
(ET)- programme on changes in exercise capacity 
over the course of a pulmonary rehabilitation (PR)- 
programme. While systematic reviews did not find 
strong evidence for using NIV during ET in people 
with COPD, the inclusion criteria and range of NIV- 
modes were broad. Whether people with COPD, 
CHRF and nocturnal NIV experience, tolerate and 
accept HI- NIV during exercise and if they prefer ex-
ercising with HI- NIV compared with without during 
PR is also unknown.

WHAT THIS STUDY ADDS
 ⇒ This study shows that HI- NIV could be a useful ad-
dition to ET during a PR- programme in people with 
very severe COPD, CHRF and nocturnal NIV as par-
ticipants completed the programme with less dys-
pnoea and similar significant increases in exercise 
capacity. All participants who used HI- NIV during ex-
ercise reported that it made breathing easier and 12 
out of 13 participants stated that they would prefer 
to continue exercising with NIV rather than oxygen 
alone.
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failure (CHRF).2 Chronically elevated levels of arterial 
carbon dioxide (PaCO2) can cause symptoms such as 
dyspnoea, reduced quality of life (QoL) and an increased 
risk of hospitalisation or death.3 Chronic hypercapnia, 
defined as a PaCO2 of more than 45 mm Hg,4 is prev-
alent in 25% of people with GOLD (Global Initiative 
for Chronic Obstructive Lung Disease) stage III or IV 
COPD.5 Nocturnal non- invasive ventilation (NIV), when 
set to reduce chronically elevated PaCO2, known as high- 
intensity NIV (HI- NIV), can delay the need for hospital 
readmission6 and improve survival2 in CHRF. However, 
even with nocturnal NIV, people with CHRF may have 
a reduced exercise capacity,7 an increased PaCO2 and 
severe dyspnoea during exercise.8 These symptoms can 
make exercise training (ET) uncomfortable leading to 
physical activity avoidance and may hinder the physiolog-
ical and clinical benefits of ET.9 10

To personalise ET for people with COPD and CHRF 
during pulmonary rehabilitation (PR), NIV during exer-
cise may offer increased exercise tolerance and supe-
rior outcomes compared with standardised methods.7 9 
HI- NIV during a single exercise session has been shown 
to temporarily reduce PaCO2 and dyspnoea, while 
improving oxygenation and exercise capacity compared 
with oxygen (O2) alone in people with COPD and 
CHRF.7 8 However, no study has investigated the effects of 
using HI- NIV during ET on changes in exercise capacity 
within a PR- programme. While two systematic reviews11 12 
did not find strong evidence for using NIV during ET 
in people with COPD, the inclusion criteria and range 
of NIV modes were broad. Furthermore, included trials 
involved participants lacking an indication for nocturnal 
NIV13 and used only low to moderate levels of ventilatory 
support. A more recent trial in CHRF and nocturnal NIV 
found promising results using NIV during ET.14

The high number of dropouts in a previous ET trial was 
attributed to NIV- intolerance during exercise;15 however, 
other acute trials which included NIV- naïve patients 
found relatively good tolerance after a short acclima-
tisation.16 17 Whether people with COPD, CHRF and 
nocturnal NIV experience, tolerate and accept HI- NIV 
during exercise and if they prefer exercising with HI- NIV 
compared with without is also unknown. There is a need 

for more evidence to support or refute the use of HI- NIV 
during ET as a personalised adjunct within PR.

The purpose of this study was to determine whether ET 
with HI- NIV is more effective than ET without NIV as part 
of a PR- programme in improving exercise capacity and 
reducing dyspnoea in people with very severe COPD and 
CHRF who use nocturnal NIV. We also aimed to deter-
mine whether these individuals preferred using HI- NIV 
during exercise to oxygen alone. We hypothesised that 
ET with HI- NIV would be more effective at increasing 
exercise capacity and reducing dyspnoea compared with 
ET without NIV and that people would prefer to exercise 
with HI- NIV.

METHODS
This study was a prospective, randomised controlled 
trial (RCT) with blinded outcome assessors and statisti-
cian. Groups were allocated via computer- based block 
randomisation which was performed by an independent 
person and concealed in sequentially numbered opaque 
envelopes. The study was conducted at the Schoen Klinik 
Berchtesgadener Land, Germany from January 2019 to 
July 2021 and included participants aged 40–80 with very 
severe COPD (GOLD IV), CHRF and with a prescription 
of nocturnal NIV(confirmed according to guidelines18 at 
study inclusion). All participants took part in a 3 week 
inpatient PR- programme. Participants were excluded if 
they had a body- mass index greater than 35 kg/m2 or 
cardiovascular/orthopaedic/neurological restriction 
that would limit their ability to perform ET. After written 
informed consent, participants were randomised into 
groups that received cycle- ET with HI- NIV during exer-
cise (HI- NIVgroup) or without (control- group). Otherwise, 
all participants received the same PR- content (described 
elsewhere19) and nocturnal NIV and O2- therapy were 
continued independently of group- assignment.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of 
our research. However, prior to initiating the study, we 
engaged in conversations with the patient group under 
consideration to understand the need for such a trial.

Exercise training
Endurance- ET for both groups initially consisted of 10 
min of stationary cycling at 60% of the individual’s peak 
work rate (PWR), which was determined via incremental 
cycle test. Training took place 5 days/week over a 3 
week period. Exercise duration was gradually increased 
to a total of 30 min (online supplemental table 1).20 A 
respiratory therapist specialised in providing NIV during 
exercise, supervised ET- sessions. Throughout the ET- pro-
gramme, work rate was increased based on symptoms, 
with the goal of achieving a ‘somewhat severe’ to ‘severe’ 
level of dyspnoea or rate of perceived exertion (4–6 on 

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ As modern PR offers greater personalisation and individualisation 
of programmes, adjuncts such as HI- NIV during exercise are of in-
creasing importance and can help clinicians and therapists to pro-
vide the right treatment (HI- NIV), to the right people (very severe 
COPD with CHRF and nocturnal NIV), at the right moment (ET), for 
the right outcomes (dyspnoea) and make a difference for patients 
with severe, end- stage lung disease. People comfortable manag-
ing and using nocturnal NIV should be offered the chance to use 
it within PR during appropriate exercise if they experience severe 
exertional dyspnoea.
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the 10- point Borg scale)21 during or at the end of the ET 
sessions.

Non-invasive ventilation during exercise training
All participants had nocturnal NIV for management 
of CHRF. Nocturnal settings for inspiratory positive 
airway pressure (IPAP), expiratory positive airway pres-
sure (EPAP), respiratory rate (RR) and inspiratory time 
(TI) were titrated to decrease PaCO2 via HI- NIV meth-
odology.2 Nocturnal NIV settings were used as baseline 
settings for exercise and adjusted as needed for comfort 
and support. To maximise the reduction in PaCO2 and 
work of breathing, TI and RR were adjusted to minimise 
the number of spontaneously triggered breaths and 
maximise the number of ventilator- controlled breaths 
during exercise. The respiratory therapist used two 
guiding questions to adjust NIV setting: ‘are you getting 
enough air?’ and ‘would you like to breathe quicker?’ 
aiming to alter IPAP and TI to maximise comfort. If a 
participant reported expiratory discomfort, EPAP was 
adjusted. Prior to ET, a single- test session was conducted 
to familiarise participants with HI- NIV. For ET, all partici-
pants used the same ventilator (prisma VENT40, Loewen-
stein Medical, Germany) and HI- NIV was applied via a 
full- face mask with single limb circuit and a passive expir-
atory vent. Supplemental O2 was provided as prescribed 
via the ventilator.

Outcome measures
The primary outcome of this study was change in 
endurance exercise capacity from pre- PR to post- PR, 
as measured by a cycle endurance test (CET) at 75% 
of the PWR. Exercise tests ceased if the participant felt 
too breathless, could not maintain pedal cadence, or 
reached the maximum test duration (20 min). The CET 
was performed without NIV but with supplemental O2 as 
prescribed.

Secondary outcomes included differences in sensa-
tion of dyspnoea, the perception of respiratory effort 
and leg fatigue (measured via the 10- point Borg scale), 
differences in physiological measures (PaCO2, pH, 
oxygenation, lactate, blood pressure) during the CET 
and changes in measures of QoL from pre- PR to post- 
PR. Transcutaneous carbon dioxide (TcPCO2), oxygen 
saturation (SpO2) and heart rate were continuously 
recorded using earlobe sensor (SenTec, Switzerland), 
while RR was continuously measured using respiratory 
inductance plethysmography (ApneaLink, ResMed, 
Australia). Arterialised earlobe capillary blood gas, blood 
pressure, dyspnoea, respiratory effort and leg fatigue 
were measured at rest before the CET and at isotime 
(the end of the shortest CET (pre- PR or post- PR)). QoL 
measures (Chronic Respiratory Questionnaire (CRQ); 
Severe Respiratory Insufficiency scale (SRI); Hospital 
Anxiety and Depression Scale (HADS)), the 6 Min Walk 
Distance (6MWD) and maximal voluntary muscle force 
of the quadriceps femoris (microFET, Hoggan Scientific, 

USA) were taken at pre- PR and post- PR. From each ET 
session, postexercise dyspnoea, respiratory effort, leg 
fatigue as well as achieved training duration, watts and 
breaks were documented. TcPCO2, SpO2 and heart rate 
were recorded weekly during an ET session.

After study completion, participants in the HI- NIVgroup 
completed a 5- point Likert scale questionnaire17 
concerning perception of using HI- NIV during ET. 
Finally, each participant in the HI- NIVgroup was asked if 
they would prefer exercising with or without NIV in the 
future.

Statistical methods
Sample size calculation: the study had 90% power to detect a 
mean difference of 101 s or more in the primary outcome 
between the two groups, with a sample size of n1=n2=13 in 
each group. The type I error was set at 5% and the SD for 
the primary outcome was assumed to be 83.9 s, based on 
data from a previous study (online supplemental file14). 
We assumed variance homogeneity, normal data and two 
dropouts in each group. Under these assumptions, the 
final sample size was n1=n2=15, with a total sample size of 
30 participants in the study.

Analyses: data were checked for consistency and 
normality. Fisher’s Exact test or Pearson’s test were used 
to analyse cross tabulations. Independent and depen-
dent t- tests were used for normally distributed data, and 
bootstrap- t tests were used for non- normally distributed 
data; 95% CIs were computed for differences. All tests 
were two- sided, and p- values<0.05 were considered statis-
tically significant. All statistical analyses were performed 
using NCSS (NCSS V.10, NCSS, LLC. Kaysville, UT) and 
STATISTICA V.13 (Hill & Lewicki. Statistics: Methods 
and Applications. StatSoft, Tulsa, OK).

RESULTS
Trial flow and participant characteristics
A total of 30 participants were recruited (mean±SD 
forced expiratory volume in 1 s (FEV1) 22±7%pred), with 
four not completing the trial. Detailed patient enrolment 
information is presented in figure 1. All participants had 
nocturnal HI- NIV (duration 29±28 months, IPAP 24.3±3.8 
cm H2O, EPAP 6.1±1.4 cm H2O) for CHRF (PaCO2 
50.9±7 mm Hg at rest) and 42.3% of participants were on 
the lung transplantation wait list (table 1). During the 3 
week PR programme, participants completed an average 
of 12±2 training sessions.

Pre- PR and post- PR values of all outcomes for both 
groups are reported in online supplemental table 2.

Primary outcome
There was no statistically significant difference between 
groups in the change in exercise capacity (CET duration) 
from pre- PR to post- PR (Δ105 s 95% CI (−92 to 302); 
table 2, online supplemental figure 1). Within- group 
ΔCETtime absolute and percentage increase from pre- PR 
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to post- PR were significant in both groups, exceeding the 
minimal important difference (MID) of 101 s/ 33%22 
for constant power exercise duration changes in COPD 
following a PR- programme (table 2, online supplemental 
figure 2). The number of responders (ΔCETtime>101 s: 
n=53.8%) was the same in both groups and 69.2% of 
control and 76.9% of the HI- NIV group had a percentage 
change in cycle endurance time>33%.

Secondary outcomes
Participants in the HI- NIVgroup reported feeling signif-
icantly less dyspnoeic at isotime in the post- PR CET 
compared with the control- group. While the HI- NIVgroup 
showed significant improvements in PaCO2 and pH, 
there were no between- group differences (online supple-
mental table 3).

Both groups showed significant and clinically relevant 
improvements in 6MWD, but there was no difference 
between the groups (table 2). There was also no between- 
group difference in the change in knee extension force; 
however, within the HI- NIVgroup, the change was signifi-
cant. The HI- NIVgroup had significantly greater improve-
ments in the total CRQ score and emotional function 
score compared with the control- group. Within only 
the HI- NIVgroup, there were significant improvements in 
all CRQ domains and the anxiety domain of the HADS, 
exceeding the MID of 0.5 points23 and 1.5 points.24 There 
were no between- group differences in the change in 
HADS- score and SRI- score (table 2).

Exercise training
No adverse events were reported. Both groups followed 
the ET- protocol, with similar increases in ET- duration. 
There was no difference in ET- intensity between groups 
(table 3). The number of breaks during cycling- ET was 
similar, but average duration was significantly shorter 
in the HI- NIVgroup. Dyspnoea and respiratory effort were 
significantly higher in the control- group compared 

Figure 1 Consolidated Standards of Reporting Trials—
flow diagram. O2, oxygen; NIV, non- invasive ventilation.

Table 1 Participant characteristics

Control- group HI- NIV group

Subjects 13 13

Age, years 63±7 59±5

Female/male 6/7 9/4

BMI, kg/m2 23±5 25±4

Waist- hip ratio 0.96±0.1 0.93±0.1

Pulmonary function

  FEV1, L 0.6±0.2 0.6±0.2

  FEV1, % pred 22±8 22±6

  FEV1/FVC, % 46±13 45±9

  TLC, L 9.3±1.6 8.7±1.3

  TLC, % pred 159±31 157±26

  RV, L 7.7±1.8 7.2±1.2

  RV, % pred 352±79 351±66

  RV/TLC, % pred 220±45 214±18

  Raw, kPa s L−1 1.1±0.3 1.3±0.4

Blood gas (rest)

  ph Room air Room air

n=10 n=12

7.40±0.02 7.39±0.03

With oxygen* With oxygen*

n=3 n=1

7.36±0.05 7.32

  PaCO2, mm Hg Room air Room air

n=10 n=12

50.6±7.0 49.1±6.3

With oxygen* With oxygen*

n=3 n=1

53.5±7.1 68.9

  PaO2, mm Hg Room air Room air

n=10 n=12

52.8±7.9 52.3±7.7

With oxygen* With oxygen*

n=3 n=1

76.9±15.9 90.5

Oxygen therapy (flows)

  Exercise, L min−1 3.3±0.9 3.1±1.0

  Night, L min−1 1.9±0.7 1.7±0.8

  Rest, L min−1 1.7±1.1 1.6±0.8

Nocturnal non- invasive ventilation

  Since months 21±29 37±24

  Mean usage time, h 8.0±1.5 8.3±3.8

  IPAP, cm H2O 24.2±3.9 24.4±4.0

  EPAP, cm H2O 6.1±1.7 6.1±1.3

  RR, breaths/min−1 14.5±2.2 15.9±2.2

Exercise capacity

Continued
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with the HI- NIVgroup. Mean TcPCO2 was significantly 
lower and mean SpO2 was significantly higher in the 
HI- NIVgroup (table 3, figure 2). ET- settings and ET- meas-
urements of HI- NIV are presented in online supple-
mental table 4.

Perception of NIV-usage during exercise
Online supplemental figure 3 shows responses to the 
post ET perception questionnaire in the HI- NIV group.

All participants except one of the HI- NIVgroup (n=12/13) 
selected that they would like to continue ET with NIV.

DISCUSSION
The use of HI- NIV during cycle- ET within a 3 week inpa-
tient PR- programme in people with very severe COPD 
and CHRF already established on nocturnal NIV, resulted 
in no statistically significant improvement in exercise 
capacity compared with exercising without HI- NIV. Both 
groups achieved significant and clinically relevant bene-
fits with changes in exercise capacity of a magnitude 
expected from an effective PR- programme for people 
with COPD.22 While not significant, between- group 
differences tended to be greater for constant- power cycle 
exercise duration in favour of HI- NIV.22

Most noticeably, the HI- NIVgroup perceived significantly 
less dyspnoea throughout ET and at isotime during the 
post- PR CET without NIV beyond the suggested MID 

Control- group HI- NIV group

  PWR- test, watt 44±17 44±17

  CET, watt 32±13 32±13

Data presented as mean and SD or number. Baseline 
characteristics were comparable between groups (all p>0.05).
*Patient did not tolerate breathing without oxygen.
BMI, body mass index; CET, cycle endurance test; EPAP, 
expiratory positive airway pressure; FEV1, forced expiratory 
volume in 1 s; FVC, forced vital capacity; IPAP, inspiratory positive 
airway pressure; PaCO2, partial pressure of carbon dioxide; PaO2, 
partial pressure of oxygen; pH, potential of hydrogen; PWR, 
peak work rate; Raw, airway resistance; RR, respiratory rate; RV, 
residual volume; TLC, total lung capacity.

Table 1 Continued

Table 2 Within- group and between- group statistical analyses

Within- group difference from pre- PR (post- 
PR–pre- PR) Between- group differences

Control- group HI- NIV group HI- NIV group–control- group P value

Subjects 13 13

CET

  Time, s 141 (60 to 222)* 246 (61 to 432)* 105 (−92 to 302) 0.608

  Time, % change 56 (29 to 83)* 99 (22 to 175)* 43 (−35 to 120) 0.665

6MWT

  Distance, m 41 (15 to 67)* 50 (16 to 84)* 9 (−31 to 50) 0.645

HADS, pts

  Anxiety −0.4 (−2.4 to 1.8) −2.0 (−3.8 to −0.22)* −1.6 (−4.3 to 0.9) 0.182

  Depression 0.1 (−0.9 to 1.0) −0.6 (−2.0 to 0.75) −0.7 (−2.3 to 0.9) 0.361

CRQ, pts

  Total 0.4 (−0.8 to 0.9) 1.0 (0.7 to 1.4)* 0.6 (0.1 to 1.2)† 0.023

  Dyspnoea 0.2 (−0.4 to 0.9) 0.8 (0.06 to 1.6)* 0.6 (−0.3 to 1.5) 0.134

  Fatigue 0.4 (−0.1 to 1.0) 1.0 (0.5 to 1.7)* 0.6 (−0.1 to 1.4) 0.104

  Emotional function 0.4 (−0.0 to 0.8) 1.2 (0.8 to 1.6)* 0.8 (0.2 to 1.3)† 0.011

  Mastery 0.5 (−0.1 to 1.1) 1.0 (0.6 to 1.5)* 0.5 (−0.1 to 1.2) 0.091

SRI, pts

  Summary scale 0.6 (−3.4 to 4.6) −3.4 (−8.2 to 1.2) −4 (−9.9 to 1.7) 0.075

Knee extension peak force

  N 20 (−19 to 61) 26 (9 to 42)* 6 (−36 to 47) 0.621

  % pred 8 (−4 to 21) 7 (2 to 13)* −1(−14 to 12) 0.849

Data presented as mean (95% CI).
*Significant within- group difference from pre- PR.
†Significant between- group difference.
CET, Cycle Endurance Test; CRQ, Chronic Respiratory Disease questionnaire; HADS, Hospital Anxiety and Depression Scale; 6MWD, 6- Min 
Walk Test; NIV, nocturnal non- invasive ventilation; PR, pulmonary rehabilitation; SRI, Severe Respiratory Insufficiency questionnaire.

U
niversitatsbibliothek M

arburg. P
rotected by copyright.

 on F
ebruary 15, 2024 at

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2023-001913 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

https://dx.doi.org/10.1136/bmjresp-2023-001913
https://dx.doi.org/10.1136/bmjresp-2023-001913
https://dx.doi.org/10.1136/bmjresp-2023-001913
http://bmjopenrespres.bmj.com/


6 Schneeberger T, et al. BMJ Open Respir Res 2023;10:e001913. doi:10.1136/bmjresp-2023-001913

Open access

of 1- point.25 The differences in breathlessness during 
the post- PR CET suggest changes in the sensation of 
dyspnoea during exercise beyond the reduction seen by 
using NIV. Furthermore, significant and clinically rele-
vant improvements in QoL23 and anxiety24 were achieved 
only in the HI- NIVgroup with significant between- group 
differences for the CRQ- total score and CRQ- emotional 
function domain.

This is the first RCT investigating the effects of HI- NIV 
during ET versus ET without, as part of PR in people 
with very severe COPD and CHRF, who are already 
using and familiar with nocturnal NIV. To the best of 
our knowledge, this is the first study to report patient- 
related outcomes during ET- sessions along with partici-
pant perceptions of HI- NIV. Our results add to previous 
studies that have compared ET with NIV to without in 
normocapnic people with COPD who were NIV- naïve and 
did not have a clinical need for nocturnal NIV.11 Previous 
trials have used different modes of ventilatory support, 
such as bilevel, proportional assist ventilation and inspi-
ratory pressure support, while also using comparatively 
low to moderate levels of support compared with HI- NIV 
used in the present study.15 26–30

To the best of our knowledge, the study by Vitacca et al14 
is the only study to have investigated the use of NIV during 

ET in people with CHRF using nocturnal NIV. However, 
their population was less severe than the current study 
(Vitacca et al14 vs current study): FEV1 %pred.: NIV- group: 
40.3±23.1 vs 22±6; control- group: 42.8±20.2 vs 22±8 and 
consisted of a mixed participant- group with CHRF from 
restrictive thoracic disease or COPD. Additionally, the 
ventilatory support provided during exercise was lower 
compared with the current study, even though the NIV 
settings were based on the nocturnal settings (IPAP, 
cm H2O: 17.4±3.5 vs 26±3.5; EPAP, cm H2O: 6.5±1.2 vs 
5.7±0.8). Despite these differences, the study reported a 
significant improvement in CET post- training in favour 
of the NIV- group, attributed primarily to large changes 
in the COPD- subgroup. Unlike the findings of this study, 
where both groups showed clinically significant improve-
ments in CET, only the NIV- group showed significant and 
clinically relevant CET- increases while changes in 6MWD, 
were similar, with no significant between- group differ-
ences.14 A post- hoc analysis of the current study found 
that age (r=−0.493, p=0.012) and resting ph (r=0.488, 
p=0.013) were the only significant predictors for absolute 
change in cycle endurance time (ΔCETtime).

As the future of PR includes an increase in the 
involvement of patients in their therapy with a greater 
personalisation,31 we believe that this study provides 

Table 3 Exercise training parameters (watt, duration and breaks) and TcPCO2, SpO2, HR, dyspnoea, respiratory effort and leg 
fatigue during cycle exercise training

Control- group HI- NIV group
Between- group differences
HI- NIV group–CG P value

Watt, %PWR 61±12 64±7 3 (−5 to 10) 0.49

Target duration, % pred 91±14 95±15 4 (−8 to 16) 0.476

Breaks, n 1.2±1.5 0.5±0.7 −0.7 (−1.7 to 0.2) 0.107

Breaks, s 159±194 35±54 −124 (−243 to −3)* 0.045

TcPCO2†, mm Hg

  Pre 52.3±5.9 46.9±5.6 −5.4 (−10.1 to −0.6)* 0.022

  Post 56.1±7.0 49.8±5.5 −6.3 (−11.5 to −1.0)* 0.026

  Max 58.0±6.9 52.3±4.9 −5.7 (−10.7 to −0.7)* 0.022

  Average 56.1±6.4 50.4±4.8 −5.7 (−10.4 to −0.9)* 0.022

SpO2†, %

  Average 92.7±3.0 96.0±3.2 3.3 (0.7 to 5.9)* 0.01

  Min 89.6±3.9 93.5±5.2 3.9 (0.1 to 7.8)* 0.01

HR†, bpm

  Average 101.0±10.5 104.6±14.1 3.6 (−6.6 to 13.8) 0.475

  Max 111.7±12.6 113.2±15.9 1.5 (−10.3 to 13.3) 0.8

Dyspnoea‡, pts 5.9±1.7 2.7±1.6 −3.2 (−4.6 to −1.9)* <0.001

Respiratory effort‡, pts 5.8±1.7 3.0±1.5 −2.8 (−4.1 to −1.5)* <0.001

Leg fatigue‡, pts 3.9±1.8 4.5±1.2 0.6 (−0.7 to 1.8) 0.511

*Significant between- group difference.
†Data are the average weekly measures of TcPCO2, SpO2 and HR which was continuously measured during the session.
‡Data are the mean±SD of each training session for all participants in the control- group or HI- NIV group.
CG, control- group; HI- NIV, high- intensity nocturnal non- invasive ventilation; HR, heart rate; SpO2, oxygen saturation; TcPCO2, 
transcutaneous carbon dioxide.
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important knowledge to strengthen the recommenda-
tion of existing PR- guidelines32 to offer NIV during ET 
to those people who are already receiving nocturnal 
NIV. Based on the acute physiological responses to using 
HI- NIV during exercise,8 it was theorised that ET with 
HI- NIV could allow higher training- intensities and that 
this would result in greater improvements in exercise 
capacity. While the increase in exercise capacity using 
HI- NIV was not significant and training workload/dura-
tion was not different between groups, those training 
with HI- NIV had significantly shorter exercise break 
durations than those training without, while reporting 
significantly less dyspnoea (table 3, figure 2). A possible 
explanation for reduced break durations and dyspnoea 
may be the significantly lower TcPCO2 and higher SpO2 
when training with HI- NIV compared with without, 
indicating a lower drive to breathe or a reduction in 
dynamic hyperinflation, both factors of breathlessness 
in COPD.33

While the participants who trained with HI- NIV showed 
a significant reduction in TcPCO2 and dyspnoea, this 
did not result in a significant improvement in exercise 
capacity above that seen in the control- group. This may 
be due to the intense physiological stimulus provided 
by the ET part of the PR- programme, which included 
daily ET- sessions and increasing ET- duration, overpow-
ering the ability of NIV during exercise to accelerate 
physiological changes in this very severe and physically 
limited patient- group. Despite this, the significant effect 
of HI- NIV on dyspnoea is an important finding as breath-
lessness is a key symptom of COPD34 and one of the three 
most important outcomes of PR.35 The results indicate 
that using HI- NIV during exercise is a safe and feasible 
way to personalise PR and increase comfort for these 
patients who are already familiar with NIV. The control- 
group also showed that ET without NIV was feasible and 
effective, though with significantly higher TcPCO2 and 
dyspnoea. While high, it is worth noting that the mean 
change in TcPCO2 during training in the control- group 
was not significantly different to that seen in a similar but 
larger group of hypercapnic people with COPD after a 
single exercise test using oxygen alone suggesting it was 
not abnormal.36

In this study, all participants who used HI- NIV during 
exercise reported that it made breathing easier. Most 
participants (n=12/13) stated that they would prefer to 
continue exercising with NIV rather than oxygen alone. 
In comparison to a previous study with participants naïve 
to NIV, a higher percentage of participants in this trial 
(91.7%) felt comfortable using the mask (online supple-
mental figure 3: Q8) to assist breathing while exercising, 
compared with 72.2% by Dennis et al.17 Furthermore, no 
participant dropped out due to intolerance of HI- NIV, 
indicating a good compliance in this NIV- acclimatised 
group compared with previous trials.15 29 At the end of 
the current trial, participants of the HI- NIVgroup were able 
to setup, operate and exercise with HI- NIV without the 
direct assistance of the respiratory therapist indicating 
a possibility that, HI- NIV may be used during exercise 
outside a formal clinical setting. Future research may also 
investigate the use of HI- NIV during ET outside the clinic 
in this severe but non- naïve patient group as a potential 
method to maintain PR effects.

This study had some limitations. The calculated sample 
size was based on limited data available from Vitacca et 
al14 and in retrospect was not large enough to detect 
significant changes in CET- duration when training with 
HI- NIV in people with very severe COPD and CHRF 
additionally to the effects of ET during PR. However, this 
trial is the largest conducted so far in this very ill popula-
tion and future trials can use the results for sample size 
calculations (a post- hoc power analysis is presented in 
online supplemental table 5). Even with the small sample 
size, changes in dyspnoea and QoL were significant as 
secondary endpoints, providing a starting point for future 
trials despite no adjustment of the secondary endpoints 
for multiple measures being conducted. Second, while 

Figure 2 Postexercise training parameters (dyspnoea, 
respiratory effort and leg fatigue) collected via modified 
Borg scale. HI- NIV, high intensity nocturnal non- invasive 
ventilation.
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the 3 week inpatient PR- programme is shorter than 
other outpatient PR- programmes, this is standard 
care in Germany and is comparable since both groups 
improved their exercise capacity beyond the MID for 
change in CET for PR.22 Finally, in retrospect, dyspnoea 
may have been the more appropriate outcome for this 
very severe group as training response can vary and the 
distress during exercise due to breathlessness is one of 
the most frequent problems experienced by patients 
with COPD and a major determinant of impaired QoL,37 
increased anxiety and symptoms of depression.38 There-
fore, further research should consider using dyspnoea as 
primary outcome.

CONCLUSION
HI- NIV could be a useful addition to ET during PR in 
people with very severe COPD, CHRF and nocturnal 
NIV as participants completed the programme with less 
dyspnoea and similar significant increases in exercise 
capacity. As no adverse events occurred and 12 of 13 
participants elected to continue using HI- NIV during ET, 
people comfortable managing and using nocturnal NIV 
should be offered the chance to use it during exercise.

As modern PR offers greater individualisation of 
programmes, adjuncts which can increase comfort for 
patients with end- stage lung disease such as HI- NIV 
during exercise may help clinicians and therapists person-
alise treatment and get better tolerance and outcomes.

Author affiliations
1Department of Pulmonary Rehabilitation, Philipps- University of Marburg, 
Marburg, Germany
2Institute for Pulmonary Rehabilitation Research, Schoen Klinik 
Berchtesgadener Land, Schoenau am Koenigssee, Germany
3Zamanian Laboratory, Department of Pulmonary and Critical Care Medicine, 
Stanford University, Stanford, California, USA
4Faculty of Medicine and Health, Sydney University, Sydney, New South 
Wales, Australia
5Research and Innovation Management, Biostatistics, Paracelsus Medical 
University, Salzburg, Austria
6Department of Ophthalmology and Optometry, Paracelsus Medical University, 
Salzburg, Austria
7Research Program Experimental Ophthalmology and Glaucoma Research, 
Paracelsus Medical University, Salzburg, Austria
8Department of Sleep and Respiratory Medicine, Evangelical Hospital 
Goettingen- Weende, Bovenden, Germany
9Teaching Hospital, Paracelsus Medical University Salzburg, Salzburg, Austria

Acknowledgements Consumable materials for the SenTec device were kindly 
supported by SenTec AG. SenTec AG had no influence on the study design, 
execution or analyses.

Contributors TS and KK conducted the study design. TS, AS, DL, IJ, ML and RG 
performed the data collecting. WH, CJD and TS performed the data analyses. TS 
prepared the manuscript. KK, CJD, ARK, IJ, WH, RG, DL, US- K, C- PC and TS critically 
revised the manuscript. All authors have read and approved the manuscript. TS 
takes the responsibility for the integrity. TS is the guarantor for the overall content 
and accepts full responsibility for the work and/ or the conduct of the study, had 
access to the data, and controlled the decision to publish.

Funding This study was partially supported by Bad Reichenhaller 
Forschungsanstalt and Löwenstein Medical GmbH & Co. KG. The sponsors had no 
role in the design, execution, interpretation, or writing of the study.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval This study involves human participants and was approved by 
Philipps- University of Marburg; medical school, Az.68/18. Participants gave informed 
consent to participate in the study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Because 
of a data privacy statement in the ethics proposal, general raw data sharing is not 
permitted. The study protocol and informed consent form (German language) can 
be shared.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Tessa Schneeberger http://orcid.org/0009-0003-3638-6478
Inga Jarosch http://orcid.org/0000-0002-7147-7418

REFERENCES
 1 Montes de Oca M, Celli BR. Respiratory muscle recruitment 

and exercise performance in eucapnic and hypercapnic severe 
chronic obstructive pulmonary disease. Am J Respir Crit Care Med 
2000;161:880–5. 

 2 Köhnlein T, Windisch W, Köhler D, et al. Non- invasive positive 
pressure ventilation for the treatment of severe stable chronic 
obstructive pulmonary disease: a prospective, multicentre, 
randomised, controlled clinical trial. Lancet Respir Med 
2014;2:698–705. 

 3 Foucher P, Baudouin N, Merati M, et al. Relative survival analysis of 
252 patients with COPD receiving long- term oxygen therapy. Chest 
1998;113:1580–7. 

 4 Orr JE, Coleman JM III, McSparron JI, et al. Summary for Clinicians: 
clinical practice guideline for long- term noninvasive ventilation in 
chronic stable hypercapnic chronic obstructive pulmonary disease. 
Annals ATS 2021;18:395–8. 

 5 Dreher M, Neuzeret P- C, Windisch W, et al. Prevalence of chronic 
hypercapnia in severe chronic obstructive pulmonary disease: 
data from the homevent registry. Int J Chron Obstruct Pulmon Dis 
2019;14:2377–84. 

 6 Murphy PB, Rehal S, Arbane G, et al. Effect of home noninvasive 
ventilation with oxygen therapy vs oxygen therapy alone on 
hospital readmission or death after an acute COPD exacerbation: a 
randomized clinical trial. JAMA 2017;317:2177–86. 

 7 Dreher M, Storre JH, Windisch W. Noninvasive ventilation during 
walking in patients with severe COPD: a randomised cross- over trial. 
Eur Respir J 2007;29:930–6. 

 8 Gloeckl R, Andrianopoulos V, Stegemann A, et al. High- pressure 
non- invasive ventilation during exercise in COPD patients with 
chronic Hypercapnic respiratory failure: a randomized, controlled, 
cross- over trial. Respirology 2019;24:254–61. 

 9 Menadue C, Piper AJ. Pressuring stable patients with hypercapnic 
COPD to exercise. Respirology 2019;24:195–6. 

 10 Wedzicha JA, Bestall JC, Garrod R, et al. Randomized controlled trial 
of pulmonary rehabilitation in severe chronic obstructive pulmonary 
disease patients, stratified with the MRC dyspnoea scale. Eur Respir 
J 1998;12:363–9. 

 11 Menadue C, Piper AJ, van ’t Hul AJ, et al. n.d. Non- invasive 
ventilation during exercise training for people with chronic 
obstructive pulmonary disease. Cochrane Database Syst Rev;2014. 

 12 Ricci C, Terzoni S, Gaeta M, et al. Physical training and noninvasive 
ventilation in COPD patients: a meta- analysis. Respir Care 
2014;59:709–17. 

U
niversitatsbibliothek M

arburg. P
rotected by copyright.

 on F
ebruary 15, 2024 at

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2023-001913 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0009-0003-3638-6478
http://orcid.org/0000-0002-7147-7418
http://dx.doi.org/10.1164/ajrccm.161.3.9812102
http://dx.doi.org/10.1016/S2213-2600(14)70153-5
http://dx.doi.org/10.1378/chest.113.6.1580
http://dx.doi.org/10.1513/AnnalsATS.202009-1171AG
http://dx.doi.org/10.2147/COPD.S222803
http://dx.doi.org/10.1001/jama.2017.4451
http://dx.doi.org/10.1183/09031936.00075806
http://dx.doi.org/10.1111/resp.13399
http://dx.doi.org/10.1111/resp.13454
http://dx.doi.org/10.1183/09031936.98.12020363
http://dx.doi.org/10.1183/09031936.98.12020363
http://dx.doi.org/10.1002/14651858.CD007714.pub2
http://dx.doi.org/10.4187/respcare.02626
http://bmjopenrespres.bmj.com/


Schneeberger T, et al. BMJ Open Respir Res 2023;10:e001913. doi:10.1136/bmjresp-2023-001913 9

Open access

 13 Windisch W, Geiseler J, Simon K, et al. German national guideline 
for treating chronic respiratory failure with invasive and non- invasive 
ventilation. Respiration 2018;96:66–97. 

 14 Vitacca M, Kaymaz D, Lanini B, et al. Non- invasive ventilation during 
cycle exercise training in patients with chronic respiratory failure 
on long- term ventilatory support: a randomized controlled trial. 
Respirology 2018;23:182–9. 

 15 Bianchi L, Foglio K, Porta R, et al. Lack of additional effect of 
adjunct of assisted ventilation to pulmonary rehabilitation in mild 
COPD patients. Respir Med 2002;96:359–67. 

 16 Dennis CJ, Menadue C, Schneeberger T, et al. Bilevel noninvasive 
ventilation during exercise reduces dynamic hyperinflation and 
improves cycle endurance time in severe to very severe COPD. 
Chest 2021;160:2066–79. 

 17 Dennis CJ, Menadue C, Schneeberger T, et al. Perceptions of 
noninvasive ventilation during exercise in noninvasive ventilation- 
naive patients with COPD. Respir Care 2022;67:543–52. 

 18 Windisch W, Dreher M, Geiseler J, et al. Guidelines for non- invasive 
and invasive home mechanical ventilation for treatment of chronic 
respiratory failure - update 2017. Pneumologie 2017;71:722–95. 

 19 Gloeckl R, Schneeberger T, Leitl D, et al. Whole- body vibration 
training versus conventional balance training in patients with 
severe COPD- a randomized, controlled trial. Respir Res 
2021;22:138. 

 20 Gloeckl R, Halle M, Kenn K. Interval versus continuous training 
in lung transplant candidates: a randomized trial. J Heart Lung 
Transplant 2012;31:934–41. 

 21 Gloeckl R, Marinov B, Pitta F. Practical recommendations 
for exercise training in patients with COPD. Eur Respir Rev 
2013;22:178–86. 

 22 Puente- Maestu L, Villar F, de Miguel J, et al. Clinical relevance of 
constant power exercise duration changes in COPD. Eur Respir J 
2009;34:340–5. 

 23 Schünemann HJ, Puhan M, Goldstein R, et al. Measurement 
properties and Interpretability of the chronic respiratory disease 
questionnaire (CRQ). COPD 2005;2:81–9. 

 24 Puhan MA, Frey M, Büchi S, et al. The minimal important difference 
of the hospital anxiety and depression scale in patients with 
chronic obstructive pulmonary disease. Health Qual Life Outcomes 
2008;6:46. 

 25 Ries AL. Minimally clinically important difference for the UCSD 
shortness of breath questionnaire, Borg scale, and visual analog 
scale. COPD 2005;2:105–10. 

 26 van ’t Hul A, Gosselink R, Hollander P, et al. Training with Inspiratory 
pressure support in patients with severe COPD. Eur Respir J 
2006;27:65–72. 

 27 Toledo A, Borghi- Silva A, Sampaio LMM, et al. The impact of 
noninvasive ventilation during the physical training in patients with 
moderate- to- severe chronic obstructive pulmonary disease (COPD). 
Clinics 2007;62:113–20. 

 28 Johnson JE, Gavin DJ, Adams- Dramiga S. Effects of training with 
heliox and noninvasive positive pressure ventilation on exercise 
ability in patients with severe COPD. Chest 2002;122:464–72. 

 29 Reuveny R, Ben- Dov I, Gaides M, et al. Ventilatory support 
during training improves training benefit in severe chronic airway 
obstruction. Isr Med Assoc J 2005;7:151–5.

 30 Hawkins P, Johnson LC, Nikoletou D, et al. Proportional assist 
ventilation as an aid to exercise training in severe chronic obstructive 
pulmonary disease. Thorax 2002;57:853–9. 

 31 Holland AE, Cox NS, Houchen- Wolloff L, et al. Defining modern 
pulmonary rehabilitation. An official American Thoracic Society 
workshop report. Ann Am Thorac Soc 2021;18:e12–29. 

 32 Bolton CE, Singh SJ, Walker PP, et al. British Thoracic Society 
guideline on pulmonary rehabilitation in adults. Thorax 
2013;68:887–8. 

 33 O’Donnell DE, Laveneziana P, Webb K, et al. Chronic obstructive 
pulmonary disease: clinical integrative physiology. Clin Chest Med 
2014;35:51–69. 

 34 Viegi G, Pistelli F, Sherrill DL, et al. Definition, epidemiology and 
natural history of COPD. Eur Respir J 2007;30:993–1013. 

 35 Spruit MA, Pitta F, Garvey C, et al. Differences in content and 
organisational aspects of pulmonary rehabilitation programmes. Eur 
Respir J 2014;43:1326–37. 

 36 Schneeberger T, Jarosch I, Leitl D, et al. Automatic oxygen titration 
versus constant oxygen flow rates during walking in COPD: a 
randomised controlled, double- blind, crossover trial. Thorax 
2023;78:326–34. 

 37 Calverley PMA. Breathlessness during exercise in COPD: how do 
the drugs work Thorax 2004;59:455–7. 

 38 Hill K, Geist R, Goldstein RS, et al. Anxiety and depression in end- 
stage COPD. Eur Respir J 2008;31:667–77. 

U
niversitatsbibliothek M

arburg. P
rotected by copyright.

 on F
ebruary 15, 2024 at

http://bm
jopenrespres.bm

j.com
/

B
M

J O
pen R

esp R
es: first published as 10.1136/bm

jresp-2023-001913 on 22 N
ovem

ber 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1159/000488001
http://dx.doi.org/10.1111/resp.13181
http://dx.doi.org/10.1053/rmed.2001.1287
http://dx.doi.org/10.1016/j.chest.2021.06.050
http://dx.doi.org/10.4187/respcare.09657
http://dx.doi.org/10.1055/s-0043-118040
http://dx.doi.org/10.1186/s12931-021-01688-x
http://dx.doi.org/10.1016/j.healun.2012.06.004
http://dx.doi.org/10.1016/j.healun.2012.06.004
http://dx.doi.org/10.1183/09059180.00000513
http://dx.doi.org/10.1183/09031936.00078308
http://dx.doi.org/10.1081/copd-200050651
http://dx.doi.org/10.1186/1477-7525-6-46
http://dx.doi.org/10.1081/copd-200050655
http://dx.doi.org/10.1183/09031936.06.00036505
http://dx.doi.org/10.1590/S1807-59322007000200004
http://dx.doi.org/10.1378/chest.122.2.464
http://dx.doi.org/15792258
http://dx.doi.org/10.1136/thorax.57.10.853
http://dx.doi.org/10.1513/AnnalsATS.202102-146ST
http://dx.doi.org/10.1136/thoraxjnl-2013-203809
http://dx.doi.org/10.1016/j.ccm.2013.09.008
http://dx.doi.org/10.1183/09031936.00082507
http://dx.doi.org/10.1183/09031936.00145613
http://dx.doi.org/10.1183/09031936.00145613
http://dx.doi.org/10.1136/thoraxjnl-2020-216509
http://dx.doi.org/10.1136/thx.2004.023150
http://dx.doi.org/10.1183/09031936.00125707
http://bmjopenrespres.bmj.com/

	High-intensity non-invasive ventilation during exercise-training versus without in people with very severe COPD and chronic hypercapnic respiratory failure: a randomised controlled trial
	Abstract
	Introduction
	Methods
	Patient and public involvement
	Exercise training
	Non-invasive ventilation during exercise training
	Outcome measures
	Statistical methods

	Results
	Trial flow and participant characteristics
	Primary outcome
	Secondary outcomes
	Exercise training
	Perception of NIV-usage during exercise

	Discussion
	Conclusion
	References


