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AbstrAct
Introduction Obstructive sleep apnoea (OSA) is a 
common sleep breathing disorder affecting up to 17% of 
the middle-aged population. Continuous positive airway 
pressure (CPAP) is the primary treatment for patients 
with OSA, but acceptance and adherence to therapy is 
suboptimal in specific subgroups particularly those with 
insomnia or poor sleep quality (40%–80% of patients with 
OSA). Pressure intolerance, particularly during periods 
of wakefulness, inhibiting sleep onset or return to sleep, 
is one reason for poor CPAP adherence. AutoCPAPs 
continually monitor airflow changes and only increase 
the pressure when the upper airway requires it. Reducing 
the pressure during wakefulness-sleep transition and 
wakefulness-after-sleep-onset (WASO) may improve 
therapy comfort and potentially adherence without 
compromising therapy efficacy. We hypothesise that 
SensAwake, a pressure relief function that reduces CPAP 
pressure on the transition from sleep to wakefulness and 
on WASO, may improve objective sleep quality.
Methods and analysis This is a multicentre, randomised 
double-blind crossover clinical trial on patients with both 
OSA and insomnia. Insomnia is defined as Insomnia 
Severity Index >15 at screening. Baseline data, including 
actigraphy, are collected for 1 week before randomisation 
(1:1) to either conventional AutoCPAP or AutoCPAP with 
SensAwake for 4 weeks. After an evaluation visit, patients 
are switched to the other treatment arm for a further 4 
weeks. Allowing for 20% dropout, 48 patients are required. 
If applicable, repeated measures analysis of variance 
will be used to assess differences in WASO measured by 
actigraphy (primary outcome), other actigraphy measures, 
AutoCPAP compliance, subjective questionnaire scores 
(Epworth Sleepiness Scale, Pittsburgh Sleep Quality Index, 
Short-Form 12 Health Survey) and 24 hours blood pressure 
(secondary outcomes).
Ethics and dissemination The protocol was approved 
by the regional Ethics Committee (CPP Sud-Est–V, 
IRB N°6705) on 9 December 2015, is registered on  
ClincalTrials. gov (NCT02721329) and started in June 2016 

with expected publication of primary outcome results in 
2018.
trial registration number NCT0272132; Pre-results.

IntroductIon 
Obstructive sleep apnoea (OSA) is a common 
sleep breathing disorder affecting up to 17% 
of the middle-aged population1 2and is char-
acterised by periodic collapse of the upper 
airway during sleep. Continuous positive 
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Protocol

strengths and limitations of this study

 ► This multicentre randomised crossover trial could 
potentially lead to an alternative to conventional 
Autocontinuous positive airway pressure (CPAP) 
therapy in a well-defined common obstructive 
sleep apnoea (OSA) having a high rate of CPAP non-
compliance.

 ► While the sample size is just sufficient to analyse 
objective sleep indices (primary outcome) in a 
crossover design, it is too small to inform on 24 hours 
blood pressure and patient-centred outcomes 
(secondary outcomes).

 ► The wrist actimeter used has not been previously 
validated for the measurement of wake-after-sleep-
onset in this specific patient phenotype associating 
OSA and insomnia.

 ► Only one night of blood pressure monitoring is done 
in each arm of the study. Longer Ambulatory Blood 
Pressure Monitoring (ABPM) would be desirable, but 
wearing yet another device may bias the study.

 ► Despite having several study sites the sample size 
is rather small, one limitation being the difficulties 
in recruitment of willing patients naïve to CPAP 
therapy; restricting the relevance of any secondary 
analyses such as those on blood pressure.
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airway pressure (CPAP) is the primary treatment for 
patients with OSA.3 4 Despite the effectiveness of CPAP in 
abolishing upper airway obstruction, acceptance of and 
adherence to therapy is often suboptimal particularly in 
specific phenotypes, including the combination of OSA 
and insomnia5 6 or insomnia symptoms.7 

Pressure intolerance is one possible reason for 
this lack of adherence. Conventional CPAP generally 
delivers higher pressure than necessary for much of the 
night as the needed CPAP pressure is selected based 
either on one night’s titration (in a sleep laboratory) 
or during several nights at home and pressure require-
ments can vary considerably with sleeping posture, 
sleep stage and environmental influences such as 
alcohol and sedative use.8 9 AutoCPAPs address this 
problem by continually monitoring airflow changes 
and only increasing the pressure when the upper 
airway requires it. Research suggests that AutoCPAP 
generally delivers an overall lower mean treatment 
pressure than conventional CPAP.10–16 Despite this, 
there is limited evidence to suggest that AutoCPAP 
therapy can considerably improve CPAP adherence 
and acceptance in an unselected population, but this 
might be different in patients with OSA with concur-
rent insomnia.10 14 17–23

Conceptually, a patient’s awareness of pressure occurs 
only during wakefulness. Thus, reducing the pressure 
during wakefulness may improve therapy comfort and 
potentially adherence without compromising therapy 
efficacy. SensAwake (Fisher & Paykel Healthcare, Auck-
land, New Zealand) is a pressure relief technology that 
accurately detects irregularity in the flow signal indic-
ative of the transition from sleep to wake.24 When the 
transition from sleep to wake is detected, the device 
promptly reduces the pressure to help facilitate a return 
to sleep. CPAP/AutoCPAP with SensAwake has been 
used in the general OSA population and has been shown 
to provide the same treatment efficacy at a lower overall 
pressure as CPAP/AutoCPAP without SensAwake25 26 
and patients have judged it to be more comfortable and 
preferred it to CPAP without SensAwake.27

The prevalence of insomnia symptoms in patients 
with OSA is estimated to be 40%–80%,7 28–32 and exis-
tence of insomnia has been shown to negatively affect 
CPAP compliance in some studies.33 34 It is proposed that 
insomnia patients are preoccupied with external factors 
that may be perceived as a threat to sleep, which results 
in a higher wake-after-sleep-onset (WASO), the amount 
of time a person spends awake from when they first fall 
asleep to when they do not attempt to go back to sleep. 
Besides wakening it takes account of difficulty in getting 
back to sleep, which may be further exacerbated by the 
presence of CPAP.33 It is therefore hypothesised that the 
pressure relief that SensAwake provides during wakeful-
ness may be of a greater benefit to patients with OSA and 
insomnia if it can facilitate the return to sleep. There is 
no known published data on the use of SensAwake in the 
OSA/insomnia population.

Primary research objective
The primary objective is to compare the at-home objective 
sleep quality (WASO) when using AutoCPAP with Sens-
Awake versus AutoCPAP without SensAwake in patients 
with a diagnosis of OSA and insomnia.

secondary research objectives
The secondary objectives are to compare AutoCPAP 
compliance, other measures of objective sleep quality 
(total sleep time (TST), sleep onset latency (SOL) and 
sleep efficiency (SE)), daytime sleepiness, subjective 
sleep quality, insomnia, quality of life and 24 hours blood 
pressure.

MEthods And AnAlysIs
study design
This is multicentre prospective 1:1 randomised, double-
blind, crossover trial.

Patient entry and screening for insomnia
Outpatients diagnosed with OSA by polysomnography 
at one of the participating tertiary hospital sleep centres 
(Grenoble, Angers and Bichat and Lariboisière hospitals 
in Paris, France) between November 2016 and October 
2017, eligible for CPAP treatment under local require-
ments (Apnoea Hypoxia Index >30 with no more than 
20% central respiratory events) are asked to answer an 
Insomnia Severity Index (ISI) questionnaire35 to screen 
for insomnia. If they meet the study inclusion/non-inclu-
sion criteria (box), they are asked by the sleep physician 
for their written informed consent (available as a Supple-
mentary file 1) and are enrolled into the study.

Materials
Nighttime actigraphy, the gold standard for measuring 
objective sleep quality in the home, is recorded using a 
wGT3X-BT wrist monitor from ActiGraph, (Pensacola, 
Florida, USA). This is a standard actigraphy device that 
uses an adapted version of the Cole-Kripke Algorithm.36 37

The AutoCPAP device is the ICON+Auto from Fisher & 
Paykel Healthcare. This has an integrated heated humid-
ification system and is intended for use on adult patients 
for the treatment of OSA at home or in a sleep laboratory. 
The ICON+ treats OSA by delivering a continuous flow of 
air at a pressure prescribed by the physician to maintain 
the airway open. In AutoCPAP mode, the device auto-ad-
justs the therapeutic pressure between a set minimum 
and maximum in response to respiratory events (apnoea, 
hypopnoea and flow limitation). SensAwake respon-
sive pressure relief technology is a comfort feature that 
is available in the ICON+Auto device. It functions by 
detecting wakefulness using the flow signal and promptly 
reduces the pressure to a more comfortable level to allow 
the patient to return to sleep. The ICON+ records and 
reports industry standard metrics such as adherence, 
leaks and treatment efficacy data.

https://dx.doi.org/10.1136/bmjopen-2017-015836
https://dx.doi.org/10.1136/bmjopen-2017-015836
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Inclusion criteria
 ► Age > 18 years.
 ► Diagnosed with OSA and eligible for CPAP treatment under local 
requirements (Apnoea Hypoxia Index >30 with no more than 20% of 
central respiratory events).

 ► Naïve to CPAP therapy, ie, have not been prescribed, or used CPAP 
in the last 5 years

 ► Insomnia Severity Index score >15
 ► Fluent in spoken and written French

Exclusion criteria
 ► Significant uncontrolled cardiac disease and/or left ventricular 
ejection fraction <45% and/or severe lung disease

 ► Co-existing sleep disorder, such as predominant central sleep 
apnoea, previous or current diagnosis of sleep phase delay

 ► Pregnancy
 ► Patient receiving cognitive behavioural therapy or other intervention 
to treat insomnia. Subjects may be using hypnotics, but there shall 
be no change in hypnotic use during the protocol or during the 4 
weeks preceding enrolment into the study

 ► Diagnosed with clinical depression and/or Hospital Anxiety and 
Depression score >11 and/or currently using antidepressants and/
or anxiolytics within the last 6 months

 ► Participating in another clinical trial for the duration of participation 
in this study

 ► Patient protected by the law, under guardianship or curatorship
 ► Patient not covered by a health insurance
 ► Patient unable or unwilling to give informed consent

The choice of CPAP mask is left to the patient, physi-
cian and/or home care provider and is the same as for 
usual care with CPAP.

Twenty-four hours ambulatory blood pressure moni-
tors are those normally used by the centres and are fitted 
and data collected by qualified clinical research assistants 
(CRA) blinded to the study arms during weeks 1, 5 and 9 
of the study.

Answers to the validated French versions of the self-re-
ported questionnaires: ISI, Epworth Sleepiness Scale 
(ESS),38 Pittsburgh Sleep Quality Index (PSQI)39 and 
Short-Form 12 Health Survey (SF-12)40 will be analysed as 
recommended by the authors of the questionnaires.

baseline data collection
All patients wear a wrist actimeter for 1 week to record 
baseline sleep data. Participants are issued with and 
trained in the use of the actimeter and a sleep diary. 
The diary (from Fisher & Paykel Healthcare) requires 
participants to record each morning what time they 
went to bed, what time they went to sleep, what time 
they woke up and what time they got up. During this 
week, blood pressure is monitored for one 24-hour 
period. Patients return to the centre for download of 
actigraphy data and randomisation. They complete 
the following questionnaires: ISI, ESS, PSQI and SF-12 
supervised by a CRA.

randomisation
Participants are block randomised via a secure electronic 
website to receive AutoCPAP either with or without 
SensAwake.

 ► SensAwake ‘off’ arm: SensAwake function off; OR
 ►  SensAwake ‘on’ arm: SensAwake function on. When 

wakefulness is detected, SensAwake will automatically 
drop the pressure to the set SensAwake pressure. In 
the ICON+Auto Device, the minimum pressure is also 
the SensAwake pressure. The SensAwake pressure is 
the pressure that the device will drop to during wake-
fulness. So if the patient is experiencing a pressure 
of 12 cm H2O, and their SensAwake pressure is 4 cm 
H2O, then it will drop from 12 cm H2O to 4 cm H2O. 
The default SensAwake pressure is set to 4 cm H2O, 
however, for patients with higher therapeutic pres-
sures, 4 cm may be too low and result in discomfort. 
Therefore, the SensAwake pressure can be increased 
to 6 cm H2O to account for this.

The allocation list was computer generated by a statisti-
cian independent from the study investigators.

treatment
Participants receive training in use of the AutoCPAP 
device as per usual care. Usual care is standardised across 
the participating centres. Participants receive in-home 
therapy for 4 weeks. During the last week of arm one, 
blood pressure is monitored over one 24-hour period, 
whereas the actimeter is worn during the 4 weeks of each 
treatment arm.

crossover
Participants return to the centre for the crossover visit. 
Full AutoCPAP data (recorded by the device) and actig-
raphy data are downloaded. They again complete the 
questionnaires: ISI, ESS, PSQI and SF-12, and are issued 
with a new sleep diary. The patient’s AutoCPAP device 
settings are switched over to the opposite treatment 
arm by the site coordinator without showing them to or 
discussing them with the patient or disclosing the settings 
to the physician. Participants receive at-home therapy for 
a further 4 weeks. During the last week of arm two, blood 
pressure is monitored over one 24-hour period.

End of study
Participants attend the study centre where full AutoCPAP 
data (entire folder on the device's USB) and actigraphy 
data are downloaded; they hand in their sleep diaries 
and again complete the ISI, ESS, PSQI and SF-12 ques-
tionnaires. If patients prefer the AutoCPAP with Sens-
Awake, they will be able to continue to use this feature 
after the conclusion of the study. Participants may obtain 
a summary of trial results after these have been submitted 
for publication.

Withdrawal and stopping criteria
Patients have the right to withdraw from the study at any 
time. In addition, the investigators may withdraw a patient 
at any time for the following reasons: protocol violation, 
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Table 1 Outcome measurements at study visits

Variable Measurement Measurement points*

Primary end point

Objective sleep quality
 ► Wake after sleep onset (WASO)

Actigraphy Days 1–7 (baseline) (downloaded at V1)
During week 4 of each treatment arm (days 29–35 and 
days 56-63; downloaded at V2 and V3, respectively)

Secondary end points

Objective sleep quality
 ► Total sleep time
 ► Sleep-onset latency
 ► Sleep efficiency

Actigraphy Days 1–7 (baseline) (downloaded at V1)
During week 4 of each treatment arm (days 29–35 and 
days 56–63; downloaded at V2 and V3, respectively)

Treatment compliance CPAP (data recorded by 
AutoCPAP) downloads

Weeks 2–4 of each treatment arm (days 15–35 and days 
28–35; downloaded at V2 and V3, respectively)

Subjective sleep quality, insomnia, 
daytime sleepiness and quality of life:

 ► Sleep quality
 ► Insomnia severity
 ► Daytime sleepiness
 ► Quality of life

Self-reporting 
questionnaires:
PSQI, ISI, ESS, SF-12

Baseline (V1) on day 7
Crossover visit (V2) on day 35
End of study (V3) on day 63

24 hours blood pressure 24 hours ambulatory 
blood pressure monitor

24 hours during days 1–7 (baseline)
24 hours during week 4 of treatment arm 1 (between day 
29 and day 35)
24 hours during week 4 Treatment arm 2 (between day 56 
and day 63)

*All±2 days.
PSQI, Pittsburgh Sleep Quality Index; ISI, Insomnia Severity Index; ESS, Epworth Sleepiness Scale; SF-12, Short Form 12 Health Survey;V, 
study visit.

serious illness or adverse event. In the event of a serious 
adverse event, unblinding may be done through the site 
coordinator.

statistics
Sample size
The sample size was calculated based on an assumption 
of a WASO of 58 min±SD41 and allowing for the cross-
over nature of the study. It assumes that the SD of the 
difference between the two treatments is approximated 
by the SD derived from WASO single time assessments. 
The largest estimate of the WASO between individual SD 
was used: 46 min in the study by Natale et al.41 On this 
basis, a sample size of 40 completers of both treatments is 
required (2 sequence groups of 20/group each) to detect 
a difference of 15 min or more as statistically significant 
(two-tailed alpha=0.05) with 80% power. In a crossover 
study, it is advised to over-recruit to allow for dropouts, so 
the minimum sample size was set at 48 (24 per group) to 
allow for 20% dropout, with 12 patients per centre.

Statistical analysis
All consenting and enrolled patients will be included in 
the intention-to-treat analysis. Withdrawal and non-ad-
herence to treatment are outcome measures, thus data on 
any withdrawn or non-adherent patients will be included.

A complete description of the study population will be 
presented with continuous variables expressed as median 
and IQR, and categorical variables as frequencies and 

percentages (see table 1 for all outcome measures by 
study visit or period).

Each 4-week treatment arm includes a first-week 
‘washout’ period, where data will not be analysed.

Repeated measures analysis of variance (ANOVA) 
will be used to assess differences between the two treat-
ments for actigraphy measures (WASO, TST, SOL, SE), 
treatment compliance, subjective questionnaire results 
(ISI, ESS, PSQI and SF-12) and 24 hours blood pres-
sure measurements (minima, maxima, mean values 
of the systolic, diastolic and mean arterial pressures 
and dipping profile). If requirements for parametric 
repeated measures ANOVA are not met then a non-para-
metric Wilcoxon signed-rank test will be used. The anal-
ysis will include time-related factors (WASO, TST, SOL) 
and treatment as within-subject factors and treatment 
sequence as a between-subjects factor. The interaction 
between treatment and treatment sequence will be 
tested to ensure there are no carry-over effects influ-
encing the comparison of the treatments. In the case of 
missing data for the primary outcome, it will be derived 
from the available WASO data at both post-treatment 
times (V2, V3). For both post-treatment times, missing 
data will be imputed from baseline outcome measures 
and any postbaseline assessments. Statistical data anal-
ysis will be performed using IBM SPSS Statistics V.22 and 
tested with a significance level of 0.05, by an indepen-
dent statistician.
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Ethics
This study is conducted in accordance with the Declara-
tion of Helsinki (last amended 2013), and the recommen-
dations for Good Clinical Practice (GCP-ICHE6). The 
protocol (F&P CIA-151 version C) was approved by the 
French regional ethics committee (CPP Sud Est V, IRB 
N°6705) on 9 December 2015. The final version (F&P 
CIA-151 version E/ID-RCB: 2015-A00135-44) including 
changes requested by the French regulatory authority 
(ANSM) in February 2016 and amendments poststart of 
patient inclusions aimed at improving enrolment (inclu-
sion period increased, Hospital Anxiety and Depression 
score >11 instead of 8) was approved on 2 May 2017. All 
patients are required to give written informed consent 
before inclusion in the study.

sponsor and coordination
The study sponsor is Fisher & Paykel Healthcare and was 
involved in study design. The sponsor holds insurance 
through Chubb Insurance, New Zealand Limited. The 
Grenoble-Alps University Hospital centre is coordinating 
the study and the principal investigator is Professor Jean-
Louis Pépin. Monitoring, vigilance and communication 
of important protocol modifications are delegated to the 
‘Direction de la Recherche Clinique’ (Clinical Research 
Administration) at Grenoble Alps University Hospital, 
France.

confidentiality
In accordance with French legislation, people with direct 
access to source data will take all necessary precautions 
to ensure the confidentiality of information relating to 
experimental, research and people who participate, in 
particular with regard to their identity and the results 
obtained.

The collected data will be made anonymous before 
being communicated to the sponsor (or to any other spec-
ified specialist). In no case will the names or addresses of 
the persons concerned appear. Anonymised data from 
the trial can be accessed by research members at the coor-
dinating site only.

dIscussIon
Both insomnia and OSA are frequent chronic diseases 
with numerous comorbidities and high health resource-re-
lated costs. A high degree of heterogeneity exists within 
patients with OSA regarding clinical presentation, risk 
factors and consequences.42 Interventional studies need to 
be conducted in specific subgroups of patients to progres-
sively delineate personalised medicine for sleep apnoea. 
Likewise, insomnia has a broad spectrum of causes, among 
them being CPAP use. This is why we chose to include only 
those patients who are naïve to CPAP therapy, although this 
may restrict our enrolment rate.

Comorbid insomnia is often undiagnosed, under-
treated or untreated in patients with OSA. Pharmaco-
therapy of insomnia is not recommended as a long-term 

treatment,43 but insomnia can reduce tolerance and 
adherence of patients to CPAP therapy., The addition 
of SensAwake to AutoCPAP may improve the comfort 
of AutoCPAP therapy, and therefore may increase sleep 
quality and duration, improve a patient’s adherence to 
CPAP therapy and improve quality of life. One strength 
of our study is to combine objective assessments of sleep 
indices and patient-centred outcomes. As the addition 
of insomnia to OSA increases the prevalence of hyper-
tension,44 the valuation of blood pressure by means of 
24 hours ambulatory blood pressure monitoring adds 
another strength to the study. We will also investigate 
whether conjointly improving sleep apnoea and sleep 
duration/quality will allow a better control of nocturnal 
blood pressure.

The results of this study will help both OSA and 
insomnia specialists in their decision as whether to 
prescribe AutoCPAP with or without SensAwake for CPAP 
treatment of patients with OSA who also have insomnia. If 
positive, this study will be a step forward for personalised 
therapy in the frequent subgroup of OSA plus insomnia.
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