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Abstract
Polysomnography (PSG) is recommended for non-
invasive ventilation (NIV) set-up in patients with chronic 
respiratory failure. In this pilot randomised clinical trial, 
we compared the physiological effectiveness of NIV 
set-up guided by PSG to limited respiratory monitoring 
(LRM) and nurse-led titration in patients with COPD–
obstructive sleep apnoea (OSA) overlap. The principal 
outcome of interest was change in daytime arterial 
PaO2 of carbon dioxide (PaCO2) at 3 months. Fourteen 
patients with daytime PaCO2 >6 kPa and body mass 
index >30 kg/m2 were recruited. At 3 months, PaCO2 
was reduced by −0.88 kPa (95% CI −1.52 to −0.24 kPa) 
in the LRM group and by −0.36 kPa (95% CI −0.96 to 
0.24 kPa) in the PSG group. These pilot data provide 
support to undertake a clinical trial investigating the 
clinical effectiveness of attended limited respiratory 
monitoring and PSG to establish NIV in patients with 
COPD–OSA overlap.
Trial number  Results, NCT02444806.

Introduction
Patients with COPD–obstructive sleep apnoea 
(COPD–OSA) overlap syndrome have a greater 
incidence of chronic respiratory failure compared 
with patients with OSA alone.1 Non-invasive venti-
lation (NIV) has been demonstrated as an effec-
tive treatment2 and current guidelines recommend 
polysomnography (PSG) accompanied by waveform 
analysis and retrospective NIV modification on the 
following day to direct NIV titration.3 However, 
access to PSG is limited and, combined with a 
rising numbers of patients requiring investigation 
for sleep-disordered breathing, clinical capacity is 
unable to match demand. Simple overnight trans-
cutaneous measurements of gas exchange with 
nurse-led titration according to a protocol has been 
used as an alternative to PSG-directed set-up.4–6 
The aim of the current study was to determine the 
physiological efficacy of limited respiratory moni-
toring (LRM) using transcutaneous oxi-capnom-
etry and nurse-led titration, compared with PSG 
and retrospective NIV modification, for the set-up 
of NIV in patients with chronic respiratory failure 
secondary to COPD–OSA overlap.

Methods
The study protocol was approved by Guy’s and St 
Thomas’ Research Ethics Committee (14/EM/1257) 

and the trial registered in a publically accessible 
database (NCT02444806).

Inclusion and exclusion criteria
Patients naive to home NIV use were recruited 
if they met the following criteria: diagnosis of 
COPD as defined by the  Global Initiative for 
Chronic Obstructive Lung Disease criteria,7 
OSA defined by a 4% oxygen desaturation 
index  >7.5 events/hour or an apnoea–hypopnoea 
index  >5 events/hour, a daytime arterial PaO2 
of carbon dioxide (PaCO2)  >6 kPa and a body 
mass index (BMI)  >30 kg/m2. Exclusion criteria 
included decompensated respiratory failure with 
a pH  <7.35, inability to tolerate NIV (<4 hours 
usage during titration), contraindication to NIV, 
pregnancy, age <18 years and any significant phys-
ical or psychiatric comorbidity that would prevent 
adherence to the trial protocol. Patients were 
randomised 1:1 to have NIV set-up using LRM or 
PSG. All overnight titrations in the PSG arm were 
performed by a single specialist trained respiratory 
physician. In the LRM arm, the overnight NIV 
titration was performed by a specialist trained nurse 
from the ward clinical team, which was not always 
the same member of staff. Final assessment was 
performed 3 months after NIV set-up.

Outcomes
Principal outcome of interest was daytime arterial 
PaO2 of carbon dioxide (PaCO2) at 3 months. Other 
relevant outcomes were daytime PaO2, adherence 
to ventilation (measured hours of use recorded 
by device software), health-related quality of life 
(measured by severe respiratory questionnaire; 
SRI), sleep quality (measured by Pittsburgh Sleep 
Quality Index; PSQI) and physiological efficacy of 
NIV demonstrated by change in neural respiratory 
drive.

Full methodology including the nurse-led titra-
tion protocol and NIV modification protocol and 
statistical analysis plan have been placed in the 
online (supplementary material and methods, 
pages 1–4 OLS; figure E1, page 9 OLS).

Results
Baseline
Recruitment was performed between 25 February 
and 7 November  2015. Forty-two patients were 
screened for study participation and 14 included 
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(online supplementary figure E2, page 10 OLS). No patients 
withdrew or were lost to follow-up. Three (43%) patients in each 
group were established on long-term oxygen therapy. Baseline 
characteristics are shown in table 1. Length of stay for baseline 
assessments and NIV set-up was similar between both groups; 
2 (2-2) nights in the LRM arm versus 2 (2-3) nights in the PSG 
arm. NIV settings were similar between both groups (table 2). 
Visual analogue scales of ease of falling asleep, comfort of sleep 
and comfort of breathing were similar between both groups.

Outcomes of ventilation at 3 months
At trial completion (3 months), there was a reduction in PaCO2 
of −0.88 kPa (95% CI −1.52 to −0.24 kPa) in the LRM group 

and of −0.36 kPa (95% CI −0.96 to 0.24 kPa) in the PSG group. 
Mean adherence was 4.4 hours/night (95% CI 2.8 to 6.0) in the 
LRM group and 2.3 hours/night (95% CI 0.91 to 3.8) in the PSG 
group. Within the 7 days preceding final evaluation, NIV was 
used for more than 4 hours for 4.7 nights (95% CI 2.7 to 6.7) in 
the LRM group and 0.7 nights (95% CI 0.0 to 2.4) in the PSG 
group. Changes in other relevant outcome variables were similar 
(table 2).

In the overall study population, there was a significant 
improvement in daytime PaCO2 (mean difference of −0.62 (95% 
CI −1.02 to −0.22)), in SRI (mean difference 10.8  (95%  CI 
−2.6 to 19.0)), Epworth Sleepiness Scale (mean difference 
−1.9 (95% CI −3.6 to −0.1)) and PSQI (mean difference −4.3 

Table 1  Baseline characteristics of study population

Overall population (n=14)
Mean±SD/median (IQR)/number 
(%)

LRM
(n=7)
Mean±SD/median (IQR)/number 
(%)

PSG
(n=7)
Mean±SD/median (IQR)/number 
(%)

 � Age (years) 62.4±9.3 64.1±11 60.7±8

 � Gender (male) 11 (79%) 6 (86%) 5 (71%)

Anthropometrics

 � BMI (kg/m2) 37.2±5.7 35.5±4 38.9±7

 � Neck circumference (cm) 47.3±5 45.3±5.5 49.4±3.7

COPD severity

 � Medical Research Council Dyspnoea scale* (/5) 4.7±0.5 4.9±0.4 4.6±0.5

 � Borg Scale† (/10) 2.5 (0.6–3.8) 3.0 (0.0–5.0) 2.0 (0.5–3.0)

 � FEV1 (L) 1.00±0.7 0.93±0.2 1.07±0.9

 � FEV1 (% predicted) 30.1±15.3 31.4±12.3 28.7±18.8

 � FVC (L) 1.7±0.8 1.6±0.3 1.8±1.2

 � FVC (% predicted) 40.8±15.4 42.3±10.7 39.3±19.8

 � FEV1/FVC 56.7±10 58.2±12.2 55.3±8.1

 � Smoking history (p/y) 42 (31–58) 40 (20–58) 50 (35–60)

 � No of acute exacerbations over the last 12 months 1.5 (0.0–2.0) 2.0 (0.0–2.0) 1.0 (0.0–3.0)

Daytime arterial blood gas on room air

 � pH 7.38±0.03 7.39±0.03 7.37±0.02

 � PaO2 (kPa) 7.72±0.72 7.36±0.8 8.08±0.4

 � PaCO2 (kPa) 7.18±0.78 7.03±0.4 7.33±1

Health-related quality of life questionnaires

 � COPD Assessment Tool‡ (/40) 24.4±4.7 22.9±2 25.9±6

 � Severe Respiratory Insufficiency Questionnaire§ (/100) 48.4 (40.9–59.7) 47.3 (40.2–62.1) 49.5 (28.3–61.1)

Sleep-related questionnaires

 � Epworth Sleepiness Scale¶ 10 (7–14) 7 (5–16) 11 (8–15)

 � Pittsburgh Sleep Quality Index** 11 (±3.2) 11 (8–14) 12 (8–13)

Baseline sleep study (respiratory polygraphy)

 � 4% Oxygen desaturation index (/h) 36.4 (26.8–53.3) 33.6 (17.1–46.7) 51.1 (26.0–55.0)

 � Apnoea–hypopnoea index (/h) 19.7 (17.6–23.4) 19.3 (11.6–37.8) 19.7 (12.8–25.1)

 � Mean SpO2 (%) 88.2 (86.9–88.9) 87.4 (85.0–89.0) 88.6 (87.4–89.4)

 � Percentage of time spent with SpO2<90% 66.4 (41.1–81.2) 73.8 (35.7–89.0) 63 (39.7–73.0)

 � Mean tcCO2 (kPa) 7.8±0.9 7.4±0.6 8.1±1

*Medical Research Council Dyspnoea score—0–5 with higher levels indicating more severe limitations due to dyspnoea.
†Borg score—0–10 categorical rating of perceived exertion with higher ratings indicating more severe dyspnoea.
‡COPD assessment tool—higher scores indicate worse quality of life.
§Severe Respiratory Insufficiency Questionnaire—higher scores indicate better quality of life.
¶Epworth Sleepiness Score—0–24 scale with higher scores indicating more severe daytime somnolence.
**Pittsburgh Sleep Quality Index (PSQI)—0–21. PSQI above 5 indicates poor quality of sleep.
BMI, body mass index; LRM, limited respiratory monitoring; PSG, full polysomnography; SpO2, oxygen saturation of pulsatile haemoglobin; tcCO2, transcutaneous carbon dioxide.
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(95% CI −6.5 to −2.1)).
Results detailing the NIV set-up and the nested physiological 

study are available in the online supplement (results pages 4–6 
OLS).

Discussion
This pilot randomised physiological effectiveness trial demon-
strated that LRM  using transcutaneous oxi-capnometry and 
nurse-led NIV titration, in patients with COPD–OSA with 
chronic respiratory failure, resulted in a greater fall in daytime 
PaCO2 at 3 months compared with gold-standard PSG moni-
toring and retrospective NIV modification. The improvements 
in health-related quality of life and daytime somnolence were 
in line with previous published data and of a similar magnitude 
to those achieved in patients with obesity-related respiratory 
failure.8

Despite randomisation, patients allocated to the PSG-di-
rected titration had more severe COPD–OSA overlap when 
compared with patients allocated to LRM-directed titra-
tion. BMI, neck circumference, smoking history and baseline 
daytime PaCO2 were all numerically higher in the PSG arm. 
These differences may have contributed to the higher EPAP 
in the PSG group, which in turn could be responsible for 
adverse pulmonary mechanics with reduced respiratory muscle 
unloading and subsequent poor comfort and reduced adher-
ence. However, the comfort scores at NIV set-up were the 
same. The lower NIV adherence in the PSG arm may explain, 

in part, the lower reduction of daytime PaCO2 at follow-up.9 
The small sample size of the study prevents the completion of 
an adjusted analysis to try and account for the differences in 
NIV adherence or any other baseline differences between the 
two groups. The results from this pilot proof-of-concept clin-
ical trial need to be interpreted with caution and are hypoth-
esis generating rather than hypothesis testing, which is the role 
of a multicentre clinical trial.

Despite these limitations, our data support the use of trans-
cutaneous combined oxi-capnometry monitoring, in combi-
nation with a nurse-led titration protocol to safely establish 
NIV in patients with chronic respiratory failure secondary to 
COPD–OSA overlap syndrome. Both LRM and PSG groups 
achieved similar clinical effectiveness in terms of change in 
daytime PaCO2, health-related quality of life and sleep quality. 
These data support the safety and efficacy of limited respira-
tory monitoring and nurse-led titration as a  simpler alterna-
tive approach to PSG for home NIV set-up. The next step will 
be to proceed to a multicentre clinical trial that will investi-
gate the clinical and cost-effectiveness of limited respiratory 
monitoring with a nurse-led titration protocol. This is in line 
with the current direction of home NIV delivery with the use 
of auto-titrating devices, which have been shown to be safe 
and effective in patients with COPD–OSA overlap syndrome.6 
Indeed, the built-in ventilator software may offer additional 
data, including Vt, leak flow and volume, triggered breaths10 
and residual events.11

Table 2  NIV set-up data and secondary outcomes 3 months after initiation of NIV

Overall population
(n=14)
Mean±SD/median (IQR)/
mean difference (95% CI)

LRM
(n=7)
Mean±SD/median (IQR)/
mean difference (95% CI)

PSG
(n=7)
Mean±SD/median (IQR)/
mean difference (95% CI)

IPAP (cmH2O) 25.8±2.9 25.7±3.5 26.0±2.3

EPAP (cmH2O) 10±1.9 9.1±1.9 10.9±1.6

Pressure support (cmH2O) 15.9±2.9 16.6±2.8 15.1±3

BUR (breaths/min) 15.7±1.7 15.1±1.1 16.3±2.1

Ti (s) 1.06±0.1 1.06±0.1 1.06±0.1

Average use per day (hours) 3.5 (1.5 to 4.6) 4.5 (3.5 to 5.6) 2 (1 to 3.6)

Patient triggered breaths (%) 37 (31 to 50) 34 (31 to 44) 48 (15 to 56)

Expiratory Vt (mL) 654±142 653±125 657±169

Respiratory rate (/min) 17.1±1.2 16.8±1.1 17.4±1.4

Average non-intentional leak (L/min) 18.1 (15.1 to 26.2) 19.6 (14.8 to 38.8) 17.5 (10.1 to 24.9)

Residual apnoeic event according to NIV built-in 
software

2.2 (1.6 to 7.5) 2.8 (1.5 to 8.7) 2.0 (0.8 to 21.1)

Change in Severe Respiratory Insufficiency Questionnaire 10.8 (2.6 to 19.0) 14.0 (−1.0 to 28.9) 7.6 (−3.6 to 19.0)

Change in COPD Assessment Tool −3.9 (−7.8 to 0.1) −1.3 (−7.1 to 4.6) −6.4 (−12.8 to 0.0)

Change in Epworth Sleepiness Scale −1.9 (−3.6 to −0.1) −1.9 (−3.2 to −0.5) −1.9 (−5.7 to 2.0)

Change in Pittsburgh Sleep Quality Index −4.3 (−6.5 to −2.1) −6.1 (−9.2 to −3.1) −2.4 (−5.5 to 0.7)

Subjective sleep quality
(1: poor/2: average/3: good)

2.2 (2 to 2.7) 2.5 (2 to 2.8) 2.1 (1.5 to 2.5)

Total sleep time (min) 380 (352 to 420) 346 (223 to 433) 400 (375 to 465)

Wake after sleep onset (min) 144 (105 to 181) 142 (42 to 210) 144 (109 to 174)

Sleep latency (min) 11 (7 to 24) 11 (6 to 21) 15 (6 to 37)

Sleep efficiency (%) 64 (56 to 77) 61 (57 to 71) 71 (55 to 81)

Objective sleep quality measured by 2-week actigraphy following NIV set-up.
BUR, back-up rate; EPAP, expiratory positive airway pressure; IPAP, inspiratory positive airway pressure; LRM, limited respiratory monitoring; NIV, non-invasive ventilation; PSG, 
full polysomnography; Ti, inspiratory time.
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