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Novel home-testing devices for diagnosing obstructive
sleep apnoea/hypopnoea syndrome (OSAHS)

The following slides provide an overview of the external assessment group (EAG) report for this
topic. Not all these slides will be presented at the committee meeting but the main information in this
set of slides will be summarised. We have tried not to repeat information found in the other

documents and references can be found in the slide notes.

Key documents in this assessment include:

« The final scope - contains the decision problem for the assessment

« The external assessment report (EAR)* - assessment of the included technologies by the EAG.
The report has a more detailed executive summary which provides an overview of the EAG’s work

and links to the relevant sections of the report

The slides contain information that has been supplied in confidence. Academic in confidence
information is underlined and highlighted in and commercial in confidence information in ||}

* These documents are in the Committee pack and will be published at consultation


https://www.nice.org.uk/guidance/gid-dg10074/documents/final-scope-2

Background on OSAHS in adults

« OSAHS is a respiratory condition in which the upper airway becomes blocked repeatedly
during sleep, reducing (hypopnoea) or intermittently stopping airflow completely (apnoea)

« Symptoms of OSAHS include stopping and starting breathing, making gasping, snorting or
choking noises, waking up many times and loud snoring. Sleep interruptions can reduce
quality of life, cognitive function and mental health

« About 9.6 million people (29.3%) in the UK aged between 30 and 69 years old have either
mild (24.5%) or moderate to severe (4.8%) OSA'

« In the UK, about 85% of people with OSA are undiagnosed.? If left untreated, OSA
increases the risk of cardiovascular and cerebrovascular complications such as
myocardial ischaemia, stroke and arrhythmias and can shorten life expectancy?

COPD-OSAHS overlap syndrome occurs in people who have both chronic obstructive
pulmonary disease (COPD) and OSAHS.

NICE 3 TBenjafield et al. (2019)
2 British Lung Foundation (2014)

OSAHS: obstructive sleep apnoea / hypopnoea syndrome *Sharma and Culebras (2016}



https://pubmed.ncbi.nlm.nih.gov/31300334/

Background on OSAHS in children

* |In children, the prevalence of OSA is between 1to 3%. OSA is more common (up to 25%)
in children with obesity, sickle cell disease or Down syndrome

« The most common cause is adenotonsillar hypertrophy (enlarged tonsils or adenoids)
which can partially obstruct the airway during sleep?

« Daytime sleepiness causes a range of problems including sleep disruption, educational
and neurocognitive impairment, and behavioural problems. OSAHS in children is also
associated with failure to thrive, hypertension, cardiac dysfunction, and systemic
inflammation

« For children with underlying conditions, OSA may also cause recurrent respiratory illness,
hospital admissions and death®

NICE 4
4 GOSH NHS Foundation Trust, 2015
OSAHS: obstructive sleep apnoea / hypopnoea syndrome 5 BTS Guideline, 2022



A stakeholder noted that oximetry is still used by a

significant proportion of NHS sleep services as it is

Current praCtlce (1) cheaper and more accessible than other tests.
Diagnosing OSAHS in people over 16 years old

NICE’s guideline on obstructive sleep apnoea/hypopnoea syndrome and obesity hypoventilation syndrome in over

16s (NG202) states that a person is referred to a sleep service if they have sleep history and symptoms indicating
OSAHS to perform further diagnostic testing. The results of the sleep study can then be used to determine the
severity of OSAHS
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https://www.nice.org.uk/guidance/ng202
https://www.nice.org.uk/guidance/ng202

Current practice (2)
Children and young people aged 2 to 16 years old

 The British Thoracic Society guideline for diagnosing and monitoring paediatric sleep-
disordered breathing (2023) recommend the use of home pulse oximetry and home

respiratory polygraphy, where patients and carers are deemed appropriate for home
sleep studies

« Preference may vary depending on patient features. Recommendations were made for
the following groups:

 Children without comorbidities

« Children with comorbidities, for example neuromuscular disorders, Down syndrome
or restrictive lung disease

NICE 6


https://www.brit-thoracic.org.uk/quality-improvement/guidelines/paediatric-sleep-disordered-breathing/
https://www.brit-thoracic.org.uk/quality-improvement/guidelines/paediatric-sleep-disordered-breathing/

Current practice (3)
Diagnosing and treating OSAHS

« NICE NG202 recommends using the results of the sleep study to diagnose OSAHS and determine
the severity of OSAHS (mild, moderate or severe). This is determined by the number of events.

« The BTS guidance includes criteria for diagnosing OSAHS in children and people over 16 years old

_ OAHI criteria Severity criteria for both AHI and ODI:

1 or more to less than 5 S or more to less than 15 events per hour
5 or more to less than 10 15 or more to less than 30 events per hour
10 or more 30 or more events per hour

« NICE NG202 recommends that personal treatment plans are tailored to the patient following an
OSAHS diagnosis for people over 16 years of age

« For children over 2 years of age the ERS task force statements recommends a stepwise treatment
approach

NICE 7

BTS British Thoracic Society; ESR European respiratory society; OAHI obstructive apnoea hypopnoea index



https://www.brit-thoracic.org.uk/quality-improvement/guidelines/paediatric-sleep-disordered-breathing/
https://www.nice.org.uk/guidance/ng202/chapter/1-Obstructive-sleep-apnoeahypopnoea-syndrome#treatments-for-mild-osahs
https://erj.ersjournals.com/content/erj/47/1/69.full.pdf

Decision problem

Decision question | Do novel home-testing devices for OSAHS represent a clinically and cost-effective use
of NHS resources?

Populations People with suspected OSAHS (who are considered suitable for a home sleep study).
The population is separated by age groups:
» People over 16
« Children and young people aged 16 and under

Interventions * AcuPebble SA100 (Acurable)

« Brizzy (Nomics)

* NightOwl (ResMed)

e Sunrise (Sunrise)

« WatchPAT 300 (Zoll/ltamar)
WatchPAT ONE (Zoll/Itamar)

Home respiratory polygraphy or home oximetry
Setting Testing is to be done at home

NICE 8

For full decision problem see the final scope



https://www.nice.org.uk/guidance/gid-dg10074/documents/final-scope-2

Companies note that devices have been given

TeChnOlogieS under assessment regulatory apprp\;al zorddifferent outputs and
intended uses
Six technologies are included

Attachment details Severity Cut-off | Oximetry or PG

AcuPebble SA100 (Acurable) Optional oximetry

» Wireless sensor (throat)2  Adults Reusable AASM guidelines

Brizzy (Nomics) « Waist belt hub et o Optional oximetry
« Wired sensors (chin and 3+ Reusable )
Martinot (2016)
forehead)
NightOwl* (ResMed) + Wireless sensor (finger) 13+  Disposable AASM guidelines PPG
Sunrise (Sunrise) o : : Based on Not applicable
Wireless sensor (chin) 3+ Disposable Pepin (2020)
WatchPAT 300* (Itamar/Zoll) . Wrist strap Reusable PAT
* Oximeter (finger) 12+ AASM guidelines Oximetr
WatchPAT ONE* (Itamar/Zoll) & D + Wired sensor (chest) Disposable y

The NightOwl technology available to the UK is the same as the CE marked NightOwl Mini and is awaiting a declaration
of conformity based on the name change. A reusable version exists but will not be available in the UK.

WatchPAT300/ONE replace an earlier version - WatchPAT 200U. The company state that the devices use the identical
algorithm and produces identical signals. It also states that previous versions have considerably different functionality.
WatchPAT ONE is a single-use version of WatchPAT 300

NICE 9

*Please see notes for more information; PAT: peripheral arterial tone; PPG: photoplethysmography 2= Internet connection D Smartphone



Patient perspectives

Submission received from Sleep Apnoea Trust

Sleep apnoea can have a devastating effect on relationships

Diagnosing OSAHS can be onerous. Following a GP referral, it would
include 2 to 3 visits to a sleep clinic. These novel home-testing devices
have the capability to transform this process

NG202 is an outstanding manual, but it is currently not backed up in
reality

More rapid and accurate diagnosis and treatment is vital. It is especially
difficult for people with jobs that include driving or where vigilance is
critical for safety

Improving the diagnostic care pathway can improve people’s lives and
save the NHS millions of pounds by reducing the comorbidities that
proliferate with undiagnosed OSAHS

However, for new diagnostic technologies to be used, they must be
proven to be of sufficient accuracy to help rather than hinder progress in
identifying people with undiagnosed sleep apnoea

NICE 10

“Sleep Apnoea is unlike any other
[condition]. There is no obvious sign
of injury or disability, just an
increasingly debilitating tiredness
leading to an overwhelming and
uncontrollable desire to sleep during
normal waking hours.”

“Primary care referral rates varies
significantly across the UK and can be
a barrier to successful progress in
treating the millions as yet
undiagnosed. Then the diagnostic
pathway varies considerably, as does
the use of advanced diagnostic
equipment. Therefore, at presentitis a
postcode lottery.”

“By improving the diagnostics
technology pathway, it would elevate
the whole treatment process to
achieve the standards set by the new
NICE NG202.”




Clinical perspectives

Submissions received from
1. The British Thoracic Society
2. Association of Respiratory Nurses

« These novel home-testing devices may provide benefits; however, their
accuracy, reliability, user friendliness, accessibility and efficiency needs to
be demonstrated by the evidence

« It may benefit people who struggle to attend appointments in person

« Itis important to understand the limitations of use. Need to consider the
storage of devices, postage, and loss or no return of devices

« The T, software or web-based infrastructure is an important
consideration for clinicians and patients if they are expected to use their
own mobile or computers for testing or to download the device data

« Sustainability should be considered

NICE 11



Equality considerations (1)

NICE is committed to promoting equality of opportunity, eliminating unlawful discrimination and fostering good
relations between people with particular protected characteristics and others.

« OSAHS is more common in people who are pregnant or overweight or obese
* Increased prevalence among older people and the condition is more common in men than women

« Many people with OSAHS may be protected under the disability provision of the Equality Act because
their condition could have long-term adverse effects on their ability to do normal day-to-day activities

« People with comorbidities (e.g., Down syndrome) have a higher risk of developing OSAHS

« People who are frail or have cognitive impairment, or both, may struggle to use technologies that require
more user-input. People with musculoskeletal issues (e.g., arthritis) may have trouble wearing devices
that have multiple components. Technologies that are easier to use could offer additional benefit to
these users

« Some people may be less familiar with, or confident, using technologies that require a smartphone and
may need assistance with setting up and using smartphone applications

NICE 12




Equality considerations (2)

« Technologies that use light-based assessment, for example photoplethysmography (PPG) sensors
and/or pulse oximetry sensors may overestimate levels of oxygen in the blood for people with
darker pigmentation and skin tones

« Some technologies are contraindicated for people with pacemakers or other implantable devices,
or with known or suspected arrhythmias, people with significant cardiopulmonary or neurological
disorders, or people with a known allergy to acrylate

« Technologies that have adhesive sensors may not be suitable for people with physical features
that impair adhesion (for example, skin growths or scars)

« The technologies differ in where sensors are attached, and some positions may be problematic if
they require a beard to be shaved, and this has been grown for religious or cultural reasons

« Access to some technologies may be limited for those that do not have access to a smartphone or
internet connection at home. Practices in rural or socioeconomically deprived areas could have
more difficulty adopting these technologies

NICE 13



Clinical
effectiveness

Objective

To conduct a systematic review of the clinical effectiveness (including diagnostic
performance) of novel home-testing devices in people with suspected OSAHS

NIC National Institute for
Health and Care Excellence

14



Included studies - people over 16 years

Included studies for people over 16 years

Novel device
Novel device Study name No of pts. Setting Reference standard

AcuPebble SA100 Devani (2021) 150 Home Home

Sanchez Gomez (2024) 63 Hospital Hospital PSG
Brizzy Martinot (2017) 92 Hospital Hospital PSG
NightOwl Massie (2018) 101 Hospital Hospital PSG
Massie (2022) 261 Hospital Hospital PSG
Van Pee (2022) 167 Hospital Hospital PSG
Lyne (2023) 100 Hospital Hospital PSG
Sunrise Pepin (2020) 376 Hospital Hospital PSG
Kelly (2022) 31 Home Home PSG
Alsaif (2023) B Home Home RP
WatchPAT 300 Mueller (2022) 56 Home Home RP
WatchPAT ONE Storey (2022) 600 Home Home RP
Supporting evidence
WatchPAT 200-U Tauman (2020) 101 Hospital Hospital PSG
Pillar (2020) 84 Hospital Hospital PSG
NICE 15

For detailed study descriptions and a general overview of

RP respiratory polygraphy; PSG polysomnography study and patient characteristics see section 4.2 of the EAR



Study quality - people over 16 years

The EAG assessed study quality using the QUADAS 2 checklist

AcuPebble Devani 2021
SA100 Sanchez Gomez 2024*

Brizzy Martinot 2017*
NightOwl  \1a5sie 2018 (reusable)
Massie 2022 (reusable)
Van Pee 2022 (reusable)
Lyne 2023* (disposable)
Sunrise Pepin 2020*
Kelly 2022
Alsaif 2023
WatchPAT  \1yelier 2022

300/ONE
/ Storey 2022
WatchPAT  pjjiar 2020

200U
Tauman 2020*
* Studies used in base case
NICE
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https://www.bristol.ac.uk/population-health-sciences/projects/quadas/quadas-2/

Included studies - people under 16 years

Included studies for people under 16 years (N=3)

Novel device
Novel device Study name No of Pts. Setting Reference standard
AcuPebble SA100 NCT04031950 (2019) Hospital Hospital
Brizzy Martinot (2015) 33 Hospital Hospital PSG
Sunrise Martinot (2022) 140 Hospital Hospital PSG
Risk of bias Applicability concerns
Patient Index |Reference| Flow and | Patient Index |Reference
Novel Device selection test standard | timing [ selection test standard
AcuPebble SA100 | NCT04031950 (2019)* © © © © © ? ©
Brizzy Martinot (2015) © ? © © © ® | ?
Sunrise Martinot (2022) © ® © © © ® ©
: . I
*Unpublished interim results HIGH: Retrospectively UNCLEAR: Hospital setting
set thresholds rather than home setting
HIGH: No reference standard |<=
NICE 17
© ® ?

Low risk / concern High risk / concern  Unclear risk / concern

For further details on study quality see section 4.3-4



Patient demographics
Ethnicity and race

Only studies for AcuPebble and NightOwl reported the ethnicity and race of participants:

Devani (2021) - AcuPebble

White British (31.0%), Asian or Asian British (20.7%), White other (12.7%), White or Black Caribbean
(3.3%), Black or Black British (2%), Indian (1.3%), Pakistani (1.3%), White or Black African (1.3%),
Chinese (0.7%), Other (25.3%)

Massie (2022) — NightOwl
“Persons of diverse racial and ethnic backgrounds were included ”, no further information given.

Van Pee (2022) — NightOwl
Race: White (74%), Black (26%)
Ethnicity: Hispanic, Latino or Spanish (55%)

NCT04031950 ‘2019' - AcuPebble

NICE 18

For further details see section 4.2.2



Clinical
effectiveness

People over 16 years of age

NICE National Institute for
Health and Care Excellence

19



Diagnostic accuracy studies — people over 16 years

« All test accuracy studies assessed 2 tests that were used at the same time on the same people
« Most studies used hospital polysomnography (PSG) as a reference standard
« 1 study (Kelly et al., 2022; Sunrise) used PSG at home

« 1 study compared the novel device (Devani et al., 2021; AcuPebble) to home respiratory
polygraphy (RP)
» No diagnostic accuracy studies were identified for WatchPAT 300/ONE. Supporting evidence from

WatchPAT 200U device was identified.

EAG:
« Sleep study setting is known to influence the diagnostic performance of devices

« Home-based studies are more relevant to the decision problem than studies in which the novel
device is used in a hospital-sleep laboratory

NICE 20

For further details see section 4.5.1 of the EAR



*Used in base case

DlagnOStIC accuracy (1) @ accuracy values for this cut-off, indicating test positivity
. for OSAHS (mild, moderate, severe), were estimated by
Reference standard: Hospital PSG the EAG based on data in the study publication
Cut-offs Sensitivity % | Specificity %
Author Index test
--E Index test Reference test (95% Cl) (95% Cl)
Sanchez- AcuPebble AHI 15-30 or >30 (desat AHI 15-30 or >30
Gomez ~3%) (desat =3%) 93 (77to099) 97 (85 to 100)
(2024)* ODI 15-30 or > 30 (desat ODI 15-30 or > 30
>3%) (desat =3%) 92 (74 to 99) 92 (79 to 98)
AHI =5 (desat 23%)2 AHI =5 (desat 23%): | NG T
Martinot Brizzy 92 MM-RDI > 5.9, PSG RDI =5 93(87to 97) 100 (51 to 100)
(2017)* MM-RDI > 13.5, PSG RDI 215 9 (80 to 94) 100 (84 to 100)
MM-RDI > 32.5, PSG RDI =30 4 (58 to 86) 97(87 to 100)
Massie NightOwl 101 NightOw! REI >5, PSG-AHI >5 8 (9210 99) 80 (44 to 97)
(2018) (Reusable)
NightOwl REI >15 PSG-AHI >15 97 (88 to 100) 83 (68 to 93)
NightOwl REI >30 PSG-AHI >30 90 (76 to 97) 97 (89 to 100)
Van Pee NightOwl 228 PSG AHI =5 (desat

PAT AHI =5 (desat 23%) 93 (89 to 97) 72 (54 to 91)

(2022) (Reusable) >3%)
o PSG AHI =15
PAT AHI =15 (desat =3%) (desat =3%)

NICE 21

AHI Apnea-hypopnea index; MSSS Michele Sleep Scoring System; MM mandibular movements; NOM NightOw! Mini (disposable); . .
NOR NightOwl Reusable; ORDI Obstructive Respiratory Disturbance Index; Pts patients; , RDI Respiratory disturbance index For details see section 4.5.1 of the EAR

91 (85 to 96) 76 (65 to 87)



*Used in base case

Diagnostic accuracy (2)
Reference standard: Hospital PSG

Cut-offs Sensitivity % Specificity %
Author Index test | No. pts o o

Lyne NightOwil

(2023)* (disposable) NOM AHI < 5 PSG AHI < 5 93 (84 to 98) 77 (55 to 92)
NightOw 96 NOR AHI < 5 PSG AHI < 5 89 (80t0 95) 91 (71to 99)
(reusable)

Pepin Sunrise 376 Sr-RDI 7.63 PSG RDI = 5 91 (89 to 92) 92 (90 to 94)

(2020)* Sr-RDI 12.65 PSGRDI = 15 94 (91 to 97) 84 (81 to 87)

Pillar WatchPAT

(2020) Pl 84 WP AHI 215 PSG AHI 215 85 (NR) 70 (NR)

Tauman WatchPAT 101 WP AHI = 5 PSG AHI = 5 96 (90 to 99) 25 (1 to 81)

(2020)* 200U WP AHI = 15 PSG AHI = 15 88 (79 to 94) 63 (38 to 84)

NICE 22

AHI Apnea-hypopnea index; MSSS Michele Sleep Scoring System; MM mandibular movements; NOM NightOw! Mini (disposable); . .
NOR NightOwl Reusable; ORDI Obstructive Respiratory Disturbance Index; Pts patients; , RDI Respiratory disturbance index For details see section 4.5.1 of the EAR



Diagnostic accuracy (2)
Reference standard: Home PSG

Cut-offs Sensitivity % Specificity %
Author Index test | No. pts o o

Kelly Sunrise MM-ORDI 9.53 PSG ORDI >5 88 (69 to 97) 100 (54 to 100)
(2022) MM-ORDI 12.65 PSG ORDI >15 100 (79 to 100) 75 (45 to 92)
MM-ORDI 24.81 PSG ORDI >30 79 (NR) 96 (NR)

« Kelly et al. was the only study to use home PSG as a reference standard meaning that both novel devices and
comparator were studied in the home

NICE 23

AHI Apnea-hypopnea index; MSSS Michele Sleep Scoring System; MM mandibular movements; NOM NightOw! Mini (disposable); . .
NOR NightOwl Reusable; ORDI Obstructive Respiratory Disturbance Index; Pts patients; , RDI Respiratory disturbance index For details see section 4.5.1 of the EAR



Diagnostic accuracy (3)
Reference standard: home RP

Index test

Cut-offs

Devani AcuPebble 150

(2021) 15-30 AHI or >30 AHI

(desat 23%)
15-30 AHI or >30 AHI
(desat 24%)
15-30 ODI or >30 ODI
1 (desat 23%)
1 15-30 ODI or >30 ODI
(desat = 4%)
>5 AHI (desat 23%)"

Reference test

Sensitivity % Specificity %
(95% ClI) (95% ClI)

15-30 AHI or >30 AHI
(desat 23%)
15-30 AHI or >30 AHI
(desat 24%)
15-30 ODI or >30 ODI
(desat =23%)
15-30 ODI or >30 ODI
(desat = 4%)
=5 AHI (desat 23%)"

93 (82 to 98) 97 (91 to 99)

96 (86 to 100) 97 (92 to 99)

91 (82 to 96) 93 (85 to 98)

98 (89t0100) 92 (85to 97)

92 (84t096) 96 (87 to 100)

EAG: Devani et al. used home RP as a reference standard which is not equivalent in accuracy to PSG and
may overestimate AcuPebble’s diagnostic accuracy. It is also different to the reference standard used for

other novel devices, which makes it difficult to compare diagnostic accuracy with those for other novel
devices that used PSG as the reference standard.

AHI Apnea-hypopnea index; MSSS Michele Sleep Scoring System; MM mandibular movements; NOM NightOw! Mini (disposable);
NOR NightOwl Reusable; ORDI Obstructive Respiratory Disturbance Index; Pts patients; , RDI Respiratory disturbance index

For details see section 4.5.1 of the EAR



Intermediate outcomes (1)
Time to interpret device outputs

« Two studies reported estimates of the time it took for sleep study data to be scored and a diagnosis reached
(Devani et al. 2021 [AcuPebble], Alsaif et al. 2023 [Sunrise])

« Devani et al. compared AcuPebble with home RP (Embletta MPR Sleep System)

« The study estimated that manual scoring of RP signals by experts to reach a diagnosis took 60 to 120
minutes, whereas for AcuPebble, zero time is required for the analysis to issue a diagnosis

EAG:
« Assumed that this range of estimates was based on all manual scoring of RP signals for all participants in the
study (the source of the estimate is unclear in the publication)

« Sleep specialists would still need time to review the results of the automated sleep report for AcuPebble, but
no estimate of this appears to have been included in the study publication

Alsaif et al (2023) reported that

NICE 25

For details see section 4.5.4 of the EAR



Intermediate outcomes (2)

Outcomes No. of
studies

Agreement / 12 In most studies the EAG noted satisfactory agreement between tests was
concordance reported.

Impact on clinical i

decision-making

Time to diagnosis or i

starting treatment

Number of repeat 2 « In 1 study, no repeat tests were done (AcuPebble SA100).

sleep studies « In 1 study, 2 repeat tests were done because of operating errors

(WatchPAT300). In the comparator group, 8 repeat tests were done
because of insufficient recording time (n=2), failure to start the device
(n=2), and loss of nasal pressure or inadequate examination time (n=3),
and no reason stated (n=1)

NICE 26

For details see section 4.5 of the EAR



Intermediate outcomes (3)
Use of healthcare resources and costs

Devani (2021) for AcuPebble; Storey (2022) for WatchPAT ONE (conference abstract)

Use of healthcare resources AcuPebble SA100 Home RP (Embletta MPR)

Cleaning 0.5 minutes 2 minutes
Device preparation 0.5 minutes 10 minutes
Time training patient on using the device o) 30 minutes
Analysis of signals by experts to issue a diagnosis 0) 60 to 120 minutes
Cost ~£1 £250 to £500°
Use of healthcare resources WatchPAT ONE Home RP (NOX T3)
Number of appointments not attended by patients 13 42

IO [P ETfolnl Sl £73.16 £39.91
(including equipment, room, staff and postage)

Mean staff time taken per appointment 12 minutes 21 minutes*
(from check in to check out but excluding analysis)

Mean patient time per appointment 12 minutes 223 minutes

(including travel time)

NICE 27

For details see section 4.5.7 of the EAR



Clinical and patient reported outcomes

« Clinical outcomes: none of the studies reported mortality or morbidity outcomes

- Patient reported outcomes:

* None of the studies reported on health-related quality of life
« 3 studies reported that the novel devices were easy to use, and that sleep quality was good:

« Acupebble: Most patients found it easy to use the mobile app and follow the app instructions. They found it
easy to attach the AcuPebble SA100 sensor, finding it more comfortable and easier to attach than the sensors
of the comparator (RP; Devani et al. 2021)

« WatchPAT 300: Most patients said that falling asleep, and sleep quality was better with WatchPAT than with
RP, however more patients experienced pain with WatchPAT than with RP (13% v 5%). 88% of patients
expressed a preference for WatchPAT over RP if they were to undergo future testing (Mueller et al. 2022)

Sunrise:

« 1 study assessed patient experience using the Sunrise device at home and reported that the ability to perform a

sleep test at home |
(Alsaif et al. 2023)

NICE 28

For details see section 4.7.2 of the EAR



Clinical
effectiveness

Children and young people aged 2 to 16 years old

NIC National Institute for
Health and Care Excellence

29



Diagnostic accuracy
For people under 16 years

« 2 of the 3 studies identified reported the accuracy of the novel devices in diagnosing OSAHS

* The results for AcuPebble SA100 are unpublished preliminary results

Sensitivity % (95% CI) | Specificity % (95%
Cl)

NCT04031950 AcuPebble

Index test Reference std

I _
(2019) SA100
— I |
Martinot Sunrise 140 Sr-RDI 5.75 PSG OAHI =1 83 (78 to 86) 53 (48 to 59)
(2022) (MMs)
Sr-RDI 9.61 PSG OAHI =5 90 (87 to 93) 80 (76 to 84)
Sr-RDI 13.07 PSG OAHI =10 100 (100 to 100) 88 (0.84 to 0.91)
NICE 30
AASM American Academy of Sleep Medicine; AHI Apnea-hypopnea index; MM mandibular movements; ORDI For details see section 4.8.1 of the EAR

Obstructive: Pts patients: RDI Respiratory Disturbance Index: Sr Sunrise



Clinical and patient reported outcomes

« Clinical outcomes: none of the studies reported mortality or morbidity outcomes

- Patient reported outcomes:

NICE 31

For details see section 4.10 of the EAR



Ongoing studies

The EAG identified 3 references for 3 ongoing studies relevant to the review

m Relevant details of ongoing studies (including PICO) Estimated completion date

Sunrise Population: over 16s in France (n = 848) March 2024
« Comparator: PSG (in lab or as outpatient)
« Outcomes: includes time to diagnosis or starting treatment

Sunrise 1 « Population: over 16s in Scotland (n = 100) Not reported
« Comparator: ‘detailed sleep test’ (setting unclear)
« Qutcomes: not reported
Limited details provided

Sunrise 1 « Population: children in the UK (n = 100) 2023 (ongoing at the time
Compares the diagnostic accuracy of home use of Sunrise to of company submission)
home cardio-respiratory polygraphy with Transcutaneous
Carbon Dioxide monitoring, with the exception that children
with significant co-morbidities or aged <9 years of age will
undergo the same tests but in a sleep laboratory setting.

NICE 32
For details see Appendix 2 Table 57 of the EAR



Issues for consideration (1)
Clinical effectiveness —in people over 16 years of age

Quality of evidence varied across devices

« There was no accuracy data available for WatchPAT ONE or WatchPAT 300. 2 studies with
accuracy data for the predecessor version (WatchPAT 200U) were identified.

 The company states that these devices use identical algorithms and produce identical signals

« For Sunrise, all studies had an unclear or high risk of bias related to the interpretation of the index
test because they used post-hoc analyses to optimise diagnostic cut-off points

« For NightOwl, 2 of the 3 studies with accuracy data used a version (reusable) of the test not being
marketed to the UK (Massie et al, Van Pee et al.). The company state that the only difference
between the devices is the battery. |

« The other study, Lyne et al. (2023) had unclear risk of bias for patient selection
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Issues for consideration (2)
Clinical effectiveness —in people over 16 years of age

Study design and setting
» Only 2 studies measured test accuracy in the home setting

« Devani et al. (AcuPebble) and Kelly et al. (Sunrise)

* Only 1 study compared test accuracy against a comparator test for this assessment (home RP) in the same
population (Devani et al. [AcuPebble])

« Different indices (AHI, ODI, RDI) and desaturation levels (3%, 4%) were used for accuracy studies across
different devices. A stakeholder comment noted that these measure are not interchangeable.

* No studies compared the tests to pulse oximetry

« No studies compared different novel tests to each other

EAG: Cautioned against drawing conclusions about the relative superiority in diagnostic performance between the

novel devices. The devices have not been formally compared in the same study with the same population and
there is no formal statistical analysis to confirm any differences or equivalence between them

NICE 34




Issues for consideration (3)
Clinical effectiveness —in people under 16 years of age

Less evidence is available for this group

« Two novel devices for the monitoring of mandibular movements during sleep were evaluated
(Brizzy with manual scoring; Sunrise with automated scoring)

« However, accuracy data was only available for the Sunrise study. It used post-hoc analyses to
optimise diagnostic cut-off points and was therefore scored as high risk of bias for the index
test

« Thereis 1 ongoing study of AcuPebble SA100 in the UK, with preliminary accuracy results available
« All studies were based in a sleep laboratory rather than at home

- A stakeholder noted that carrying out trials with children at home poses ethical issues, and
that ethics committees generally request them to be done in hospitals.

EAG: Overall, there is limited evidence from the available studies on the outcomes relevant to the

decision problem. It is unlikely that the clinical results are directly transferrable from adults to children
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Issues for consideration (4)
Equality considerations

No studies reported data for identified subgroups, including people from black, Asian and minority
ethnic backgrounds

« Technologies that use light-based assessment, such as photoplethysmography (PPG) sensors or pulse oximetry
sensors may overestimate levels of oxygen in the blood for people with low (more dangerous) levels of oxygen
saturation, particularly for people with darker pigmentation and skin tones. This is an issue that has gained greater
awareness since the COVID-19 pandemic and has been highlighted in the recently published Equity in Medical
Devices: independent review (March 2024).

« Pulse oximetry is a comparator for this assessment, and experts have indicated it is widely used in the NHS
 The WatchPAT and NightOwl devices use a light based (PPG) technology

« A stakeholder noted that one study on the performance of WatchPAT was missed, which showed a
large drop in performance in a population with a high proportion of Black or African American participants
(72%). This highlights an issue with using devices that rely heavily on PPG

« Sensor placement differs for different devices. Some positions may not be appropriate if they require a beard to
be shaved which has been grown for religious or cultural reasons

« Some devices require a smartphone and internet connection, either to set up and download the sleep study or
during the sleep study
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Technologies under assessment

Equality considerations
Text in bold and underlined: Technology that uses light-based sensors which may overestimate levels of oxygen

in the blood for people with darker pigmentation and skin tones.

Device name Technology sensor mechanism (taken from manual)

X 1ol SN (O[Ol < Acoustic sensing of sounds generated during the process of respiration and cardiac
(Acurable) operation.
- Optional oximetry

Brizzy « Mandibular movements

(Nomics) « Optional oximetry

NElntoi, Conti ding of pul form (also k hotopleth hy [PPG
(ResMed) « Continuous recording of pulse waveform (also known as photoplethysmography [ 1)
Sunrlge « Mandibular movements

(Sunrise)

WatchPAT 300 , , : , : :
(Itamar/Zoll) - Peripheral Arterial Tone (PAT) signal measures arterial pulse volume changes in the finger as a

result of vasomotion (vasoconstriction and vasodilatation).
WatchPAT ONE . Oximetry
(Iltamar/Zoll)
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Cost effectiveness

People over 16 years of age

Objectives

« To conduct systematic reviews of evidence to inform a health economic evaluation of
novel home-testing devices in people with suspected OSAHS

« To conduct a health economic evaluation using decision-analytic modelling to assess
the incremental cost-effectiveness of novel home-testing devices compared to home
RP or home oximetry in people with suspected OSAHS

NIC National Institute for
Health and Care Excellence
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Company submitted models
One company submitted an economic model

 ResMed submitted a model that compared NightOwl with home respiratory polygraphy (RP)

« The diagnostic performance of NightOwl was from van Pee et al. (2022) and the diagnostic
accuracy of home respiratory polygraphy was taken from the NG202 economic modelling

 The EAG used different accuracy estimates in its base case

« Estimated that NightOwl saved £1/1 per diaghosis made compared to home RP

The EAG stated there were several limitations of the model, including:
Omission of failure rates for both arms, and the subsequent impacts on costs
Accuracy data is from van Pee (2022) which evaluated the reusable version of NightOwl, rather

than the disposable version that will be commercialised in the UK
A higher cost for home respiratory polygraphy was used than in the EAG model

No consideration of treatment costs or longer-term impacts, or health outcomes beyond diagnostic
accuracy
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HRP: home respiratory polygraphy For more detail see section 5.3 of the final EAR



EAG’s model structure - Decision Tree FestResult  True Gondition

TP at AHI =15 12 Moderate/Severe Severe
Severe OSA
¢ TP at AHI 25 11 Mild Severe
Moderate/severe FN at AHI 215 ‘
OSA
PN | FN at AHI =5 [ o No OSA Severe
TP at AHI =15 9 Moderate/Severe Moderate
OSA Moderate OSA | .
@ TP at AHI =5 Mild Moderate
FN at AHI 215 ‘ 8
| FN at AHI 25 [ No OSA Moderate
FP at AHI =15 Moderate/Severe Mild
Test )\ TP at AHI =5 | 6
MildOSA | ? TN at AHI 215 - Mild Mild
FN at AHI =5 p No OSA Mild
FP at AHI =15 2 Moderate/Severe No OSA
FPat AHl 25 # TN at AHI 215 Mild No OSA
No OSA i 2
| TN at AHI =5 1 No OSA No OSA
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AHI: apnoea-hypopnea index, FN: False negative, FP: False positive, _ . .
OSA: Obstructive sleep apnoea, TN: True negative, TP: True positive For more detail see section 5.6.1 of the final EAR



EAG’s model structure - Markov Model

The main purpose of the Markov model was to estimate the impacts of treatment decisions (informed by the
diagnostic pathway) on the utility, risk of cardiovascular events and RTAs, alongside related costs, for people with

OSAHS

Post TIA Post stro ke
state state

NICE 41

SA: Stable Angina, UA: Unstable Angina, MIl: Myocardial Infarction, . . .
TIA: Transient Ischemic Attack: RTAs: road traffic accidents For more detail see section 5.6.2 of the final EAR



EAG’s model inputs and assumptions (1)

EAG: Model largely based on the existing cost-effectiveness model from the NICE guideline for adults (NG202)

Time to diagnosis 3-months to diagnosis* Clinical experts

Time to treatment + 3-months to commence treatment post diagnosis Clinical experts
* 1 month treatment delay for individuals needing a second sleep
study due misdiagnosing moderate or severe as having no OSA
Test failure rate Differed between tests, from 0.6 to 11.5%* « Newcastle Regional Sleep Service
» Diagnostic accuracy studies

Failure rate for RP was 5.4%*
I used in scenario analysis . Alsaif et al. (2023)

* Assumption investigated in scenario analysis

EAG: In one-way sensitivity analysis we assessed the impact of increasing time to diagnosis and time to treatment
to 6 months and decreasing time to diagnosis and time to treatment to 1.5 months (not based on any data). We

also conducted a scenario analysis investigating the impact of reduced time to diagnosis and treatment based on
data from Alsaif et al. (2023). The scenario analysis made no difference to the overall cost-effectiveness results
from the base case analysis
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AHI: apnoea-hypopnea index, CM: conservative management, For more .deta” see Section 5.7 & 5.8 and
CPAP: continuous positive airway pressure, MAD: mandibular advancement device Appendix 9b Table 69 of the final EAR



*Used in scenario analysis
(home based studies)

EAG’s model inputs and assumptions (2)

Diagnostic accuracy estimates used in the base case model

Interventions assessed in clinical setting with in-lab PSG as reference standard

Device AcuPebble Brizzy NightOwl Sunrise WatchPAT 300 WatchPAT ONE
Cut-off AHI =5 AHI=15 AHI=25 AHI=15 AHI=5 AHI=15 AHI=5 AHI=15 AHI=5 AHI=15 AHI =5 AHI =15
Sensitivity ] 0.93 0.93 0.89 0.93 0.89 0.91 0.92 0.96 0.88 0.96 0.88
Specificity [l | 0.97 1.00 1.00 0.77 0.82 0.94 0.84 0.25 0.63 0.25 0.63
Acurable (2023)
Source Sanchez-Gomez Martinot (2017) Lyne (2023) Pepin (2020) Tauman (2020) Tauman (2020)
(2024)

EAG selection and uncertainties of intervention accuracy data:

Sunrise: Pepin (2020) data was chosen over Kelly (2022)* because in-lab PSG was the reference standard (vs home PSG), and it
has a larger sample size (n=376 versus n=31)

NightOwl: Lyne (2023) data was used rather than van Pee (2022) or Massie (2018); it used the device version that will be available

in the UK
WatchPAT: Assumed that the accuracy of earlier version (200U) is the same as that for WatchPAT 300 and WatchPAT ONE

AcuPebble: the Macarena trial data was used because the reference standard was in-lab PSG compared to home RP for the Devani
study*

NICE 43
For more detail including alternative diagnostic accuracy
AHI: apnoea-hypopnea index, PSG: polysomnography RP: respiratory polygraphy data see Section 5.7.3 (table 18) of the final EAR



EAG’s model inputs and assumptions (3)

Diagnostic accuracy estimates for comparators used in the base case model

Respiratory polygraphy Respiratory polygraphy Respiratory polygraphy
Base case Base case Scenario analysis Scenario analysis
=S oDi=5 ODI = 15 AHI = 5 AHI = 15 AHI = 5 AHI = 15 AHI = 5 AHI = 15
0.52 0.35 0.95 0.93 0.87 0.77 0.94 0.84
Specificity 0.96 0.99 0.69 0.85 0.67 0.95 0.58 0.89

NG202 Xu (2017) Pereira (2013) NG202

EAG selection of RP comparator accuracy data:

« For RP in the base case, Xu (2017) was chosen as it evaluates RP in the home-setting, is compared to in-lab PSG, uses a hamed
device representative of what is currently used in England, and is 1 of the more recent studies

« Xu (2017) was conducted in China and includes only 80 participants

Pereira (2013) also evaluated RP in the home setting and compared to in-lab PSG, but was slightly older than Xu (2017)
« Pereira (2013) included 128 participants with suspected OSAHS in Canada
« NG202 model used a pooled estimate from 8 studies (including both Xu and Pereira) for home RP
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AHI: apnoea-hypopnea index, ODI oxygen desaturation index, RP: respiratory polygraphy For more detail see Section 5.7.4 in final EAR



EAG’s model inputs - Base case costs of novel devices
£18

Home oximetry £212 Inflated device based on NG202 costs
Home RP £212 £212 National schedule of NHS costs 2021/22

AcuPebble £74 £1if automated* Company submission
Brizzy £70 £28 Company submission
NightOwl £111 £13* Company submission
Sunrise £83 £84 Company submission
WatchPat 300 £82 £30 Company submission
WatchPat ONE £103 £25 Company submission

*Assuming the device is still with the patient

Time to review device output:

« Companies suggested different lengths of time to review device outputs and noted that some devices have been
given regulatory clearance for fully automated diagnosis

« The EAG assumed 20 minutes to review device outputs for all novel devices, and 10 mins for oximetry. A scenario
analysis assumed that time to review was as reported by the companies

EAG: We understand that there is variation in how much reliance clinical services are prepared to place on

automated diagnosis. Clinicians noted that they still access raw data and manually review sleep studies for some or
all patients and that it varies between centres
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FN: False negative, RP: respiratory polygraphy For more detail see section 5.7.12-17 of the final EAR




Base case results (1)
Compared to oximetry (probabilistic)

EAG: When comparing the novel devices to oximetry, the results are generally consistent, in that novel devices are seen

to be more cost-effective than oximetry

| AcuPebble NightOw! WatchPAT 300 | WatchPAT ONE

Incremental cost £535 £481 £630 £627 £755 £775
(95% ClI) (168, 992) (107, 903) (236, 1028) (262, 1041) (329, 1204) (328, 1197)

Incremental QALYs 0.085 0.076 0.083 0.09 0.089 0.089
(95% Cl) (0.008, 0.223) (0.003, 0.209) (0.002, 0.204) (0.012, 0.224) (0.009, 0.224) (0.008, 0.212)

ICER (£ per QALY gained) £6,271 £6,360 £7,613 £6,989 £8,458 £8,750

INMB at £20,000 per £1171 £1031 £1025 £1168 £1031 £996
QALY gained (95% Cl) (-196, 3549) (-190, 3357) (-306, 3249) (-186, 3510) (-321, 3419) (-411, 3276)

INMB at £30,000 per £2,023 £1,787 £1,852 £2,066 £1,923 £1,881
QALY gained (95% ClI) (-64,5774) (-129, 5462) (-218, 5294) (-59, 5736) (-204, 5707) (-270, 5408)

Probability cost-effective 94.3% . . . ) )
at £20.000/ QALY 957 92.8% 90.3% 93.7% 88.9% 87.6%

Probability cost-effective 96.8% . . . . )
at £30,000/ QALY 070 95.9% 94.4% 96.7% 95.0% 93.8%
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ICER: incremental cost effectiveness ratio, INMB: incremental net monetary benefit, . . .
QALY: quality adjusted life year For more detail see section 5.10.1 of the final EAR



*ICER lies in South-West quadrant of cost-
Base Ccase l‘eSllltS (2) effectiveness plane (intervention less costly
Compared to respiratory polygraphy (probabilistic) and less effective than the comparator)

EAG: High uncertainty over the relative diagnostic accuracy estimates for all devices and advised caution in
interpreting these results. We have not reported a fully incremental analysis due to many differences between data
sources used in the model for the devices.

Incremental cost -£264 -£318 -£169 -£171 -£44 -£24
(95% Cl) (-475, -64) (-524, -119) (-395, 35) (-319, -2) (-298, 235) (-286, 237)
Incremental QALYs -0.006 -0.016 -0.009 -0.002 -0.002 -0.003
(95% Cl) (-0.047,0.029) (-0.056, 0.017) (-0.051, 0.025) (-0.027,0.026) (-0.04,0.033) (-0.045, 0.036)
ICER (£ per QALY gained) £ 43,505" £20,199" £19,640° £108,795* £21,216" £ 8,570*
INMB at £20,000 per £143 £3 -£3 £140 £2 -£32
QALY gained (95% CI) (-519, 678) (-652, 482) (-697, 487) (-238, 572) (-557, 533) (-661, 508)
INMB at £30,000 per £82 -£154 -£89 £124 -£18 -£60
QALY gained (95% Cl) (-993, 954) (-1229, 640) (-1204, 727) (-513, 821) (-950, 840) (-1131, 837)
Probability cost-effective 0 0 o 0 o o

at £20.000/ QALY 78.90% 58.40% 58.10% 81.60% 55.20% 48.10%
Probability cost-effective 0 o 0 0 0 o

at £30,000/ QALY 65.30% 40.00% 46.40% 69.50% 51.50% 46.50%
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ICER: incremental cost effectiveness ratio, INMB: incremental net monetar . . .
benefit. QALY: quality adjusted life year 4 For more detail see section 5.10.1 of the final EAR



Scenario analyses (1)
Alternative diagnostic accuracy estimates for home respiratory polygraphy

» Using data from Pereira (2013) or the NG202 economic model improves the estimated cost-effectiveness of all
novel devices relative to RP: all now have a positive INMB

» Pereira and NG202 are less favourable for home RP than the estimates from Xu (2017) used in the base case

| AcuPebble Nightow WatchPAT 300 | WatchPAT ONE

Using home RP accuracy data from Pereira (2013)

Incremental cost £14 -£51 £108 £101 £228 £251
Incremental QALYs 0.037 0.026 0.035 0.041 0.040 0.040
ICER (£ per QALY gained) £382 Dominant £3,129 £2,471 £5,673 £6,247
INMB at £20,000 per QALY gained £730 £547 £582 £716 £577 £553
INMB at £30,000 per QALY gained £1,102 £835 £927 £1,125 £979 £956
Using home RP accuracy data from NG202

Incremental cost -£127 -£192 -£33 -£40 £87 £111
Incremental QALYs 0.018 0.007 0.016 0.022 0.021 0.021
ICER (£ per QALY gained) Dominant Dominant Dominant Dominant £4,092 £5174
INMB at £20,000 per QALY gained £493 £337 £346 £480 £340 £317
INMB at £30,000 per QALY gained £677 £410 £502 £700 £554 £531

NICE 48

ICER: incremental cost-effectiveness ratio; INMB incremental net monetary benefit; . . .
QALYs quality-adjusted life-years, RP: respiratory polygraphy For more detail see section 5.10.2 of the final EAR




Scenario analyses used base case

Scenario analyses (2) estimates for home RP (Xu et al.)

Alternative diagnostic accuracy estimates for interventions

Parameterisation of decision tree for respiratory polygraphy, AcuPebble, NightOwl, WatchPAT 300/ONE based on the raw 4x4
contingency table data

« WatchPAT 300 showed an improvement in the INMB at £20,000 per QALY gained (£2 in the base case to £73) compared
to RP

« There is a small improvement for NightOwl in the INMB at £20,000 per QALY gained (-£3 in the base case to £26), and a
slight reduction for AcuPebble (£143 in the base case to £94) compared to RP

Alternative diagnostic accuracy estimates for NightOwl

* Using the estimates from Massie (2018) for NightOwl increased the INMB at £20,000 per QALY in the base case from
-£3 to £281 compared to RP. When using estimates from Van Pee (2020) this would increase to £88

Alternative diagnostic accuracy from home-based studies

« Using estimates from Kelly (2022) for Sunrise increased the INMB at £20,000 per QALY in the base case from £140 to
£451 compared to RP

» Using estimates from Devani (2021) for AcuPebble decreased the INMB at £20,000 per QALY in the base case from £143
to £138 compared to RP
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INMB incremental net monetary benefit; QALYs quality-adjusted life-years, RP: respiratory . . .
polygraphy For more detail see section 5.10.2 of the final EAR



Scenario analyses used base case

Scenario analyses (3) estimates for home RP (Xu et al.)
Alternative model assumptions

Values used in the EAG’s base case are representative of those used in NG202

Failure rate data for RP

 When the EAG assumes a higher failure rate for RP of [l as reported in the Alsaif (2023), WatchPAT ONE is
the only device that is not estimated to be cost-effective compared to RP at the £20,000 threshold

Time for data review of novel devices

« Using company stated time to review outputs of novel devices only resulted in small changes to the INMB at
£20,000 per QALY gained and only changed the cost-effectiveness results for NightOwl, which became cost-
effective

Reduced time to diagnosis and treatment

When the EAG assumes a reduced time to diagnosis of |l rather than 3 months, and a time to treatment
of il rather than 3 months after diagnosis (Alsaif, unpublished study), this made no difference to the
overall results from the base case analysis.
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ICER: incremental cost-effectiveness ratio; INMB incremental net monetary benefit; OSAHS: Obstructive . . .
sleep apnoea hypopnea syndrome, QALYs quality-adjusted life-years, RP: respiratory polygraphy For more detail see section 5.10.2 of the final EAR



One-way sensitivity analyses

Across all novel devices, the parameters having the most impact in one-way sensitivity analyses
were:

 Utilities for mild and moderate OSAHS
« Sensitivity and specificity estimates for the novel devices
« Sensitivity and specificity estimates for the comparators, and
* Prevalence parameters
« When comparing the novel devices to RP, changes in the sensitivity of RP or of the novel device at

the high diagnostic cut-off would lead to changes in the results compared to the base case
analysis

 When comparing the novel devices to oximetry, the results are generally consistent in that the
novel devices are seen to be more cost-effective than oximetry, regardless of the parameter
inputs
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OSAHS: Obstructive sleep apnoea hypopnea syndrome, RP: respiratory polygraphy For more detail see section 5.10.2 of the final EAR



Cost effectiveness

Children and young people aged 2 to 16 years old

NIC National Institute for
Health and Care Excellence
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Modelling for children and young people

There are several challenges for modelling in children and young people

EAG: Did not consider that a decision model is likely to resolve uncertainty over the cost effectiveness

of home-based assessment with novel devices in children at this time

» Despite recent BTS guidelines (June 2023), there remains some uncertainty around the current clinical pathways for
children with and without comorbidities

« The EAG considered the absence of relevant test accuracy data is a barrier to credible modelling of the cost-
effectiveness of home-based devices for OSAHS in children at the present time

« The EAG stated that there is consensus that evidence from adults is not automatically generalisable to children

« A study in progress (NCT04031950) examining the diagnostic accuracy of AcuPebble in a paediatric population
may have the potential to inform a future economic model

« There are questions regarding the clinical effectiveness of adenotonsillectomy as first line treatment in children
without comorbidities, and there is uncertainty in the choice and effectiveness of treatment for mild OSAHS

« In children, the evidence on the extent and reversibility of longer-term impacts of untreated OSAHS is less clear

No relevant utility estimates with a UK general population valuation identified
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BTS: British Thoracic Society . . .
OSAHS: Obstructive sleep apnoea hypopnea syndrome For more detail see section 5.11.1 of the final EAR



Modelling for children and young people

EAG: Proposed potential model structures for children without comorbidities including parameter

requirements

The EAG stated that the key evidence gaps for children, other than test accuracy, include:

« The impact of OSAHS on health-related quality of life for children stratified by OSAHS severity.
Studies using preference-based utility instruments with a UK general population value set (e.g.
using the CHU9D) would help to inform future economic evaluations

* The relationship between OSAHS in childhood and long-term effects on health outcomes and well-
being, and the extent to which these effects can be assumed to be causative and reversible with
appropriate treatment
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OSAHS: Obstructive sleep apnoea hypopnea syndrome For more detail see section 5.11.3 of the final EAR



Issues for consideration (1)

Data used for diagnostic accuracy estimates

« The same issues with test accuracy data for the devices raised in the clinical effectiveness section are relevant
to their use as model inputs

» No data were available comparing novel tests done in same population. The EAG cautioned against comparing
the cost effectiveness of the different novel tests based on available data

» Accuracy data used in the base case is based on hospital-based studies instead of at home. Cost effectiveness
estimates using studies done at home were available for 2 devices (AcuPebble and Sunrise)

Alternative accuracy data for NightOwl
« Using alternative diagnostic accuracy inputs for NightOwl improved cost-effectiveness results when compared
to home RP
« Massie (2018) and Van Pee (2020) used a different version of NightOwl which will not be available in the
UK

Source of diagnostic accuracy data for respiratory polygraphy
» Choice of source for sensitivity and specificity estimates for home respiratory polygraphy has a big impact on
cost effectiveness estimates for the devices
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Issues for consideration (2) J

Novel devices compared with oximetry

 When comparing the novel devices to oximetry, the results are generally consistent, in that novel devices
are more cost-effective than oximetry, regardless of the parameter inputs

» A stakeholder noted that oximetry is still used by a significant proportion of NHS sleep services

Sustainability

« Some of the technologies are reusable (AcuPebble, Brizzy, Sunrise, WatchPAT 300) and others are disposable
(NightOwl, WatchPAT ONE)

» Disposable devices will have an environmental cost and a larger number of devices may need to be stored

« Any reduction in the need to travel to healthcare centres to collect, and return, equipment may have
benefits in terms of reducing carbon dioxide emissions

» If devices need to be returned, this may cause delays to the devices being available if not returned in a
timely manner

Subgroups

» Due to a lack of data, the EAG were not able to assess cost-effectiveness separately for any of the subgroups
highlighted in the scope. This included people with darker pigmentation and skin tones
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Issues for consideration (3)

Potential impacts of novel devices that are not captured in the model raised by stakeholders

« Accessibility to home testing and number of patients lost to follow up or unwilling to undergo
prescribed tests (influenced by device usability)

« Are there any potential benefits in terms of reducing inequalities? For example:
« addressing health inequalities or in some cases enabling the diagnosis of vulnerable individuals
« travel time to pick up RP

Uncertainty about cost effectiveness of technologies in children and young people
« There is limited evidence for this group

« Even if suitable accuracy data is available, the need to resolve further uncertainties may be
required to obtain cost effectiveness estimates

« These data may be more difficult to generate and require longer term studies to resolve
uncertainties than the accuracy data
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Technologies under assessment
Company comments on differences between device versions

NightOwl

The company have noted that the only difference between the NightOwl Mini and
NightOwl Reusable devices is whether the battery can be recharged.

The NightOwl device to be launched in the UK in 2024 is the NightOwl Mini under a
new name (“NightOwl”). There is no change to the sensor or software.

There will be a Declaration of Conformity for a disposable product, named NightOwl
(currently known as NightOwl Mini) to be worn on the finger. This is currently
anticipated for April 2024.

WatchPAT 300/
WatchPAT ONE

The company wish to advise that both WatchPAT 300 and WatchPAT One are using
identical algorithm to the one used in WatchPAT 200U and in the Tauman study.

Both devices produce identical signals to that of WatchPAT 200U. This similarity
allowed FDA and CE for the new devices based on technological continuity.

The version before WatchPAT200U, the WatchPAT 200 has considerably different
functionality; PAT finger sensor did not include oximetry. Oximetry was measured
from an adjacent finger by a separate sensor.

NICE
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ABSTRACT

Background

Obstructive sleep apnoea and hypopnoea syndrome (OSAHS) is a sleep-related breathing
disorder in adults and children caused by intermittent narrowing or complete collapse of the
upper airway. Diagnostic sleep studies for OSAHS are conducted overnight in a home or
hospital setting using devices that monitor physiological parameters. Current methods are
oximetry, respiratory polygraphy and polysomnography (PSG). Portable novel devices have
been developed to facilitate home sleep studies. There is uncertainty over the clinical and
cost-effectiveness of these novel devices. This report was commissioned to inform a
Diagnostic Assessment of novel home-testing devices for OSAHS conducted by the National

Institute for Health and Care Excellence (NICE).

Objectives
e To conduct a systematic review of clinical effectiveness (including diagnostic
performance) of novel home-testing devices in people with suspected OSAHS.
¢ To conduct systematic reviews of evidence to inform a health economic evaluation of
novel home-testing devices in people with suspected OSAHS.
o To conduct a health economic evaluation using decision-analytic modelling to assess
the incremental cost-effectiveness of six novel home-testing devices compared to

home respiratory polygraphy or home oximetry in people with suspected OSAHS.

Data sources and methods

A systematic review of clinical effectiveness was conducted in accordance with a pre-defined
protocol. Searches were conducted between 22nd and 24th May 2023, and updated on 25th
September. Screening, full text review, data extraction and critical appraisal was conducted
by two reviewers. The extracted data was used to inform a structured descriptive synthesis
of clinical effectiveness. Summary numerical and statistical data were tabulated with
accompanying textual description. Clinical heterogeneity was substantial, so meta-analysis
was not appropriate. For the economic evaluation, we reviewed published and submitted
evidence for both adult and child populations and developed a model to assess the cost-
effectiveness of the different novel devices compared to respiratory polygraphy and oximetry

in an adult population.



Results
In people aged over 16 years, novel devices were compared to home RP in four studies, to
hospital sleep-laboratory PSG in five studies, and home-based PSG in one study. No eligible

studies were identified which compared novel devices to home-based pulse oximetry.

Sensitivity and specificity estimates vary between studies and within studies at different
severity cut-offs. Sensitivity was generally high, in the range 80 to 100%, and fell below 80%
in just two studies. In contrast, specificity was more variable with estimates ranging from
25% to 100%, with more estimates in the 70% to 80% range than was the case for
sensitivity. Some estimates were uncertain, and we urge caution in making inferences about

the relative differences between the novel devices.

Test failure rates were reported in most studies. The percentage of test failures varied
across studies, from 0% to 18%. Test failures were often caused by technical issues relating
to the functioning of the test equipment. Limited data were available on use of healthcare
resources and costs; the number of repeat tests done; time to interpret device outputs and

time to diagnosis and treatment initiation, and patient experience of using novel devices.

Evidence was sparse for children and young people. Two novel devices were evaluated but
not in a home setting. A third study is ongoing at two centres in the UK. Preliminary results

for one of the study centres are available.

In the base case economic analysis, all six novel devices are estimated to be less costly
than respiratory polygraphy, but they are also associated with a small reduction in QALYSs.
For AcuPebble and Sunrise, the reduction in QALYs may be considered cost-effective
compared to the reduction in costs (i.e. INMB > £0 at the £20,000 and £30,000 per QALY
thresholds). We estimated that all six novel devices are more costly and provide more
QALYs than oximetry, with incremental costs below £10,000 per QALY gained. Probabilistic,
scenario and sensitivity analyses highlight the extent of uncertainty, especially in the

comparison between the novel devices and respiratory polygraphy.

Limitations

There is high uncertainty over the cost-effectiveness results for the comparison of novel
devices with respiratory polygraphy, and the results are sensitive to different sources of data
on the accuracy of the novel devices and respiratory polygraphy. There is little uncertainty in
the model results for novel devices compared to oximetry. However for both comparators,

the analysis relies on data from a clinic, rather than home, setting. Some outcomes have not
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been captured, such as effects on patient acceptability, potential delay in diagnosis of other
conditions due to false positives, and the impact of contraindications and comorbidities to the
use of some devices. There is insufficient evidence to assess the cost-effectiveness of novel
home devices in children or in subgroups for whom there are potential equality

considerations.

Conclusions

We estimate that the novel devices for home-based sleep studies in adults are a cost-
effective alternative to oximetry. It is difficult to assess the cost-effectiveness of the novel
devices compared with respiratory polygraphy, and the relative clinical and economic effects

of the different novel devices are unclear.

Study registration: PROSPERO CRD42023443437

Funding: NIHR Evidence Synthesis Programme as project number NIHR135895.

Word count: 787



SCIENTIFIC SUMMARY

Background
Obstructive sleep apnoea and hypopnoea syndrome (OSAHS) is a sleep-related breathing
disorder in adults and children caused by intermittent narrowing or complete collapse of the

upper airway, leading to episodes of reduced (hypopnoea) or absent (apnoea) airflow.

Diagnostic tests for OSAHS are conducted overnight while the patient sleeps, with devices
that monitor a range of physiological parameters. Sleep studies can be conducted in the
patient’s home, or in a hospital sleep clinic or laboratory. Current approaches are oximetry,
respiratory polygraphy and polysomnography (PSG). A number of portable novel devices
have been developed to facilitate home sleep studies. There is uncertainty over the clinical

and cost-effectiveness of these novel devices.

This report was commissioned to inform a Diagnostic Assessment of novel home-testing
devices for OSAHS conducted by the National Institute for Health and Care Excellence
(NICE). It includes a systematic review of diagnostic accuracy and a health economic

evaluation.

Objectives
The objectives of this diagnostic assessment are:

e To conduct a systematic review of the clinical effectiveness (including diagnostic
performance) of novel home-testing devices in people with suspected OSAHS.

e To conduct systematic reviews of evidence to inform a health economic evaluation of
novel home-testing devices in people with suspected OSAHS: including a systematic
review of cost-effectiveness studies, resource use and costs; and a systematic
review of health-related quality of life (utility) studies.

e To conduct a health economic evaluation using decision-analytic modelling to assess
the incremental cost-effectiveness of novel home-testing devices compared to home

respiratory polygraphy or home oximetry in people with suspected OSAHS.

Methods

Systematic review of clinical effectiveness

The proposed methods for the systematic review of clinical effectiveness were reported in
advance in a published research protocol (PROSPERO registration number
CRD42023443437). The final protocol was published on the NICE website in June 2023.



The search strategy was defined and piloted, and the final searches were conducted in
relevant health and medical research databases and trial registers. The databases were
initially searched between 22" and 24" May 2023, and then again on 25" September 2023.
No date limits were applied. Predefined inclusion and exclusion criteria were based on the
decision problem defined in the NICE Scope. Screening of titles and abstracts was
conducted by two reviewers independently, and disagreements were resolved by discussion
or with a third reviewer. One reviewer screened the full texts of references judged potentially
relevant, and a second reviewer checked the first reviewer’s judgement. The reviewers
discussed any discrepancies before agreeing whether to include the reference. Where study
eligibility remained unclear, we contacted the authors of the study and requested the

required information.

Relevant data was extracted from each included study: study design and methods,
characteristics of the study population, intervention and comparator(s), and study outcomes.
A single reviewer extracted data using a structured and piloted form, which was checked for
accuracy and interpretation by a second reviewer and any discrepancies were resolved.
Included studies were critically appraised for risk of bias and applicability using the
QUADAS-2 instrument. Each study was appraised by one reviewer and checked by a
second reviewer, with any disagreements resolved through discussion. The extracted data
was used to inform a structured descriptive synthesis of clinical effectiveness. Summary
numerical and statistical data were tabulated with accompanying textual description. We
considered that clinical heterogeneity was substantial and that meta-analysis would not be

appropriate. Likewise, it was not feasible to construct a network meta-analysis.

Systematic review of economic evaluations

We conducted a systematic review of the cost-effectiveness of the novel home-based
devices compared to respiratory polygraphy and oximetry. The search strategy was the
same as for the clinical effectiveness review, but the outcomes and study design differed.
Included studies were full economic evaluations that assessed both costs and
consequences for the different novel devices. Outcomes included measures of resource use
and costs and health outcomes: life-years or quality-adjusted life-years (QALYs) gained.
Economic evaluations not meeting the inclusion criteria and studies that reported on
resource use and costs, and health-related quality of life (utilities) were assessed as

potential sources of information for our economic model.



External Assessment Group (EAG) independent economic assessment

To evaluate the cost-effectiveness of novel devices in an adult population, we adapted an
existing economic model used to inform recent NICE guidelines on the diagnosis and
management of OSAHS in people = 16 years of age. The model consists of a decision tree
to capture the diagnostic outcomes associated with six novel devices and two comparators
(home respiratory polygraphy and oximetry). It has a time horizon of 12 months to capture
any delays to the start of treatment (should treatment be offered). A lifetime Markov model is
used to estimate the long-term impacts associated with the performance of the devices. It
models the risks of cardiovascular events and road traffic accidents for people with OSAHS
and includes death from other causes for the total cohort. For all novel devices, in the base
case analysis, accuracy data are taken from studies where the devices were evaluated in a

laboratory setting.

Results

Systematic review of diagnostic test evaluation and clinical effectiveness

The combined May 2023 and September 2023 searches of literature and other sources
identified a total of 290 references subjected to full text screening, 239 were excluded, the
majority for reporting an intervention not relevant to the scope. A further 21 references did
not report sufficient information to fully inform a screening decision to include or exclude.
The remaining 30 publications reported a total 18 studies meeting the inclusion criteria for
this systematic review. Of the 18 studies: 12 are relevant to the over 16 years age group and
two provided supporting evidence. Three studies are relevant to the 2 -16 years of age

group. One study met our inclusion criteria but did not report any results.

Over 16 years age group

The novel devices were compared to home RP in four studies, to hospital sleep-laboratory
PSG in five studies, and home-based PSG in one study. There were no eligible studies
identified which compared novel devices to home-based pulse oximetry. The Sunrise device
was evaluated in three studies, NightOwl in four studies, AcuPebble SA100 in two studies
and a single study each was included for, Brizzy, WatchPAT ONE and WatchPAT 300.

Most studies were prospective cross-sectional evaluations of patients referred to specialist
sleep services with suspected OSA.. Risk of bias assessments of the studies indicated a low
risk of bias for most domains, however there were instances of high or unclear risk of bias
for some domains, including bias in the analysis of the index test. Mean age across the

studies varied from 41 to 56 years, most commonly around 48 years. With a small number of



exceptions most studies gave limited detail on study population characteristics, notably

comorbidities and ethnicity.

Diagnostic accuracy data were available for AcuPebble, Brizzy, NightOwl, and Sunrise but
not for WatchPAT ONE or 300. We included two studies of the predecessor version
WatchPAT 200U in lieu of evidence for the current version. The sensitivity and specificity
estimates vary across the studies and also within studies at different severity cut-offs.
Sensitivity was generally high, in the range 80 to 100%, and fell below 80% in just two
studies at a high cut-off. In contrast, specificity was more variable with estimates ranging
from 25% to 100%, with more estimates in the 70% to 80% range than was the case for
sensitivity. In notable cases the available confidence intervals for sensitivity and specificity
are wide, indicating greater uncertainty. We urge caution in making inferences about the

relative superiority in diagnostic performance between the novel devices.

Test failure rates were reported in many studies. The total percentage of test failures per
type of testing (i.e. novel device or comparator) varied across the studies, from 0% to 18%.
In most studies the percentage of failed tests per type of testing was less than 10%. Test
failures were often caused by technical issues relating to the functioning of the test

equipment.

Limited data were available on use of healthcare resources and costs; the number of repeat
tests done; time to interpret device outputs and time to diagnosis and treatment initiation,

and patient experience of using novel devices.

Children and young people aged 2 -16 years

Two novel devices for the monitoring of mandibular movements during sleep were
evaluated: Brizzy with manual scoring and Sunrise with automated scoring. A key limitation
of the two studies is the fact that the novel device was not applied in the home setting, due
to its concomitant administration with laboratory PSG. The third study is an ongoing study of
the AcuPebble SA100 device at two centres in the UK. Preliminary results for one of the

study centres are available.

Overall there is limited evidence from the available studies on the outcomes relevant to the

decision problem.
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Systematic review of economic evaluations

No economic evaluations met our inclusion criteria. We considered five studies with the
potential to inform our model structure and parameters, including one conducted for the
NICE clinical guideline on the diagnosis and management of OSAHS and obesity
hypoventilation syndrome in people over 16. The guideline economic model is the most
relevant to our decision problem, and it provided relevant data and assumptions that were

used to inform the EAG model structure and parameters.

One company (ResMed) submitted a decision tree model in Excel comparing NightOwl with
home respiratory polygraphy. Results suggest that NightOwl is cheaper than home
respiratory polygraphy, saving £171 per person, and has better diagnostic performance than

home respiratory polygraphy, with lower false positive and false negative rates.

External Assessment Group (EAG) independent economic assessment

In the base case analysis, all six novel devices are estimated to be less costly than
respiratory polygraphy, but they are also associated with a small reduction in QALYs. For
AcuPebble and Sunrise, the reduction in QALY's is considered cost-effective compared to
the reduction in costs (i.e. INMB > £0 at the £20,000 and £30,000 per QALY thresholds). We
estimated that all six novel devices are more costly and provide more QALY's than oximetry,

with incremental costs below £10,000 per QALY gained.

However, there is a high level of uncertainty over the cost-effectiveness results, apparent
from the probabilistic, scenario and one-way sensitivity analyses. In the probabilistic
analyses, there are wide and overlapping confidence ranges for the incremental costs and
QALYs for each novel device compared with oximetry, which are more pronounced for the
comparisons with respiratory polygraphy. For example, the incremental costs for WatchPAT
300 compared with respiratory polygraphy range from -£298 to £235 and the incremental
QALYs range from -0.040 to 0.033. This uncertainty is reflected in wide confidence ranges
around the INMBs for the novel devices. Scenario analyses indicate that results are sensitive
to many assumptions, including the data source used to estimate the performance and
failure rates associated with respiratory polygraphy, the proportion of people diagnosed with
mild OSAHS who are treated with CPAP, alternative parameterisation of the decision tree

(using 4x4 contingency table data), and the impacts associated with false positives.
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Limitations

The cost-effectiveness analysis is limited by the availability and quality of data for many of
the model components, including limited accuracy data in the home environment and the
effects of post-hoc optimisation of thresholds for sensitivity and specificity. Our analysis does
not capture the potential for greater patient acceptability of home-based testing with novel
devices over the comparators, neither does it include the impact of comorbidities. A key
limitation is that our economic model is only relevant to people over the age of 16 years and
that we have not been able to conduct subgroup analysis to investigate potential equality
issues: for example, related to concerns over the sensitivity of oximetry and other light-based

assessment methods for people with darker skin tones.

Conclusions
Implications for service provision

Based on the clinical reviews and economic evaluation, we suggest the following
conclusions related to services for people aged over 16 years undergoing home-based
testing for suspected OSAHS:

e The estimated cost of the diagnostic pathway is lowest for oximetry and highest for
respiratory polygraphy, with the cost for the novel devices lying in between. This is
also true for total costs, including costs of OSAHS treatment (if indicated) and costs
for care and treatment after cardiovascular events and road traffic accidents, in
addition to costs for diagnosis. Estimated total costs are similar for the six novel

devices, and differences between these cost estimates are highly uncertain.

e Although oximetry has the lowest cost of the included devices, it has relatively poor
sensitivity. In particular, oximetry is estimated to misclassify a high proportion of
people with mild OSAHS as not having OSAHS, and a high proportion of people with
moderate or severe OSAHS as having mild OSAHS. This implies that patients who
would benefit from treatment are not treated or that their treatment may be delayed.
All of the novel devices therefore appear to offer relatively good value for money

when compared against oximetry.

¢ All novel devices are estimated to have lower total costs and to produce fewer
QALYSs than respiratory polygraphy, but these differences are very small and highly
uncertain. We emphasise that there is high uncertainty over the relative diagnostic

accuracy estimates for all devices and advise caution in interpreting these results.

12



Suggested research priorities

Research to address significant gaps in the availability and quality of evidence on the

diagnostic accuracy of sleep studies for OSAHS, including:

The diagnostic accuracy of home-based respiratory polygraphy compared against a
laboratory PSG reference standard.

The extent to which diagnostic accuracy evidence from older versions of devices for
home-based testing for OSAHS is transferable to new versions.

The diagnostic accuracy of sleep studies conducted in the home using conventional
and novel devices, rather than in a clinic setting.

Studies of diagnostic accuracy of home-based sleep studies in children and young
people under the age of 16, including those with and without comorbidities

Indirect comparisons between novel and conventional devices and reference
standards, with appropriate adjustment for heterogeneity. This would facilitate more
robust comparison of results and economic evaluation, but we acknowledge that this
is challenging given the high degree of heterogeneity in the current evidence base.
Alternative study designs for collecting comparative data should be considered,
including trials and prospective observational studies. We note that there are also
challenges in designing a trial, given heterogeneity of patient populations, variations

in practice, and differing opinions on the appropriateness of oximetry.

Further research to provide data to evaluate the clinical and economic effects of home-

based sleep studies in children. Key evidence gaps for children include:

The impact of OSAHS on health related quality of life for children, stratified by
OSAHS severity. Studies using preference-based utility instruments with a UK
general population value set (e.g. using the CHU9D) would help to inform future

economic evaluations.

The relationship between OSAHS in childhood and long-term effects on health
outcomes and well-being, and the extent to which these effects can be assumed to

be causative and reversible with appropriate treatment.

Funding: This project was funded by the National Institute for Health Research (NIHR)

Evidence Synthesis programme and will be published in full in Health Technology

Assessment. See the NIHR Journals Library website for further project information. Project
number NIHR135895
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Study registration: PROSPERO CRD42021266443
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1 BACKGROUND

1.1 Description of the health problem

Obstructive sleep apnoea (OSA) is a sleep-related breathing disorder in adults and children
caused by intermittent narrowing or complete collapse of the upper airway, leading to
episodes of reduced (hypopnoea) or absent (apnoea) airflow. An apnoea is commonly
defined as a complete pause in breathing lasting 10 seconds or more in adults or a minimum
duration of two breaths during baseline breathing in children. A hypopnoea is defined as a
reduction in breathing lasting for 10 seconds or more in adults or a minimum of 2 breaths in
children.” The person affected may awaken or their sleep lighten during such episodes, but
they may not necessarily be aware they have the condition. Many people with OSA
experience episodes of both apnoea and hypopnoea, which is referred to as obstructive

sleep apnoea and hypopnoea syndrome (OSAHS).

In adults, common symptoms include excessive daytime sleepiness, snoring, fatigue,
morning headaches, impaired concentration and memory. If left untreated OSAHS increases
the risk of developing cardiovascular and cerebrovascular complications (e.g. hypertension,

atrial fibrillation, heart failure, coronary artery disease, type 2 diabetes, stroke) and death.?

In children common symptoms include snoring, restless sleep and hyperactivity. OSAHS in
children is associated with cognitive and behavioural problems, poor school performance,
cardiovascular morbidity, poor growth and weight gain, decreased health-related quality of

life and increased health care utilisation.®

1.1.1 Epidemiology

Approximately 25% of the UK population aged 30-69 years have mild to severe OSAHS.*
The prevalence OSAHS in children aged 2 to 18 years of age is approximately 2 to 4% and

is increasing with the rise in childhood obesity.3

In adults a number of factors are associated with an increased risk of OSAHS, including
being overweight or obese, treatment-resistant hypertension, type 2 diabetes, cardiac
arrythmia (particularly atrial fibrillation), stroke or transient ischaemic attack, chronic heart
failure, moderate or severe asthma, polycystic ovary syndrome, Down Syndrome, non-
arteritic anterior ischaemic optic neuropathy (sudden loss of vision in 1 eye due to decreased

blood flow to the optic nerve), hypothyroidism and acromegaly.?
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One of the leading causes of OSAHS in children is enlarged adenoids and/or tonsils which
partially block the airways. The prevalence of sleep disordered breathing is also increased in
children with medical conditions including craniofacial anomalies (e.g. Down Syndrome),
neurological conditions (e.g. cerebral palsy), and genetic disorders (e.g. sickle cell disease).

Children with a history of premature birth are also at increased risk.?

1.2 Diagnostic tests for OSAHS

Diagnostic tests for OSAHS are conducted overnight during sleep, hence the term ‘sleep

study’ which is sometimes used. The person being tested for OSAHS is required to sleep as

they normally do whilst attached to specialist equipment which monitors a range of
physiological parameters associated with sleep disordered breathing. Three main test
approaches in use are pulse oximetry, respiratory polygraphy and polysomnography.

¢ Pulse oximetry involves a small monitor (a pulse oximeter) clipped to a finger to record
oxygen saturation in the blood and heart rate continuously during sleep. This test can be
done at home or in hospital. However, when used as the sole testing medium to diagnose
OSAHS it is regarded as less sensitive than other tests.

¢ Respiratory polygraphy (RP) (sometimes referred to as cardiorespiratory polygraphy)
records peripheral oxygen saturation, breathing movements, heart or pulse rate, pressure
and/or temperature changes resulting from airflow in the respiratory tract, snoring and
body position during sleep. Straps are fastened around the chest and abdomen, an
oximetry probe placed on a finger and a nasal cannula inserted into the nose, all of which
are attached to a recording monitor. The test can be used at home using a portable
monitor or in hospital.

o Polysomnography (PSG) The PSG is widely considered to be the gold standard test for
diagnosing OSAHS and includes the same parameters as RP combined with additional
assessment of the quality and duration of sleep from brain activity, eye movement, and
muscle tone. PSG is predominantly conducted in a specialist hospital sleep laboratory
supervised by a qualified sleep technician. PSG may also be done in the patient’'s home,

using ambulatory equipment, though this is not common practice.

Whilst pulse oximetry and/or RP can be sufficient to inform a diagnosis in patients with a

high pre-test probability of having moderate to severe OSA, in some patients, such as those
with significant comorbidities, confirmatory testing using PSG may be required. PSG would
also be considered where pulse oximetry and/or RP test results are negative but symptoms

continue (see section 1.4 for further details of the care pathway).
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The signals recorded during a sleep study can be scored manually by a sleep physiologist
through visual examination of the data traces recorded whilst the patient slept. Newer types
of testing device offer automated scoring using specialist computer software. The software
scores the data using a proprietary algorithm resulting in an autogenerated sleep report, with
details that may include total sleep time, sleeping position(s), sleep stages, cortical arousals,
heart rate, respiratory rate, and snoring patterns. These data are used to inform an
assessment of the number of apnoea and hypopnoea episodes which are scored using
standard criteria to determine the patient’s diagnostic status (i.e. to rule in/rule out OSAHS).
In cases where OSAHS is detected the sleep report classifies the level of severity using
standard criteria. Many devices with automation provide access to the raw signal data

recorded for manual scoring if required.

1.3 Description of the diagnostic technologies under assessment

In the last few years an increasing number of portable testing devices with novel features
have become available for diagnosing sleep disordered breathing. These devices have been
designed using advances in technology to improve the performance, convenience, and
acceptability of home testing for OSAHS. Novel features of devices include the use of
wireless electronic sensors in place of multiple wired connections used in PSG or RP testing.
It is suggested that these devices may be more comfortable to use whilst sleeping than has
previously been the case. This would allow a more natural sleep, with signals more
representative of the true physiological state of the patients and hence the presence,
absence and severity of the disease. Furthermore, there may be fewer sleep interruptions
and an increase in the number of successfully completed tests, in turn reducing the need for
repeat tests and in-hospital testing. Furthermore, it is suggested that with fewer wired
attachments people will find it easier to correctly fit and operate the device equipment,
reducing the need for patient training. The time saved may release staff capacity for other

clinical priorities, potentially increasing the volume of patients a clinic can manage routinely.

The following CE marked devices (manufacturer’'s name in parenthesis) have been identified
for inclusion following NICE stakeholder consultation:

e AcuPebble SA100 (Acurable)

e Brizzy (Nomics)

e Sunrise (Sunrise)

o WatchPAT 300 (Zoll/ltamar)

e WatchPAT ONE (Zoll/ltamar)
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A further novel device, NightOwl (ResMed), is included; this is awaiting an updated
European Union declaration of conformity change.

Although these devices have been identified as being novel they don’t necessarily share the
same novel features. The devices vary in terms of indication (e.g. some can be used in
children and adults; others in adults only), contraindications for use, physiological
parameters measured (e.g. respiratory sounds, body movement), lifespan (e.g. single or
multi-use), and their connectivity (e.g. ability to send and receive data over the internet).
Each device is described briefly and to the best of our understanding in the following

subsections.

1.3.1 AcuPebble SA100 (Acurable)

The AcuPebble SA100 is a CE-marked class Ila multi-use device (up to 500 times) for adults
only. It consists of a wireless sensor enclosed in a plastic case measuring 2.9cm x
(diameter) 1.4cm (height), which is attached to the person’s neck below the Adam’s apple
using double sided adhesive tape (if the sensor is intended to be attached on skin with hair,
the hair must be shaved). There is also an option of adding a compatible third-party
oximeter. The device records sound generated from physiological body processes, including

but not limited to the respiratory and cardiac functions.

The AcuPebble SA100 system requires a compatible mobile device (eg: smartphone or
tablet) to install the AcuPebble SA100 mobile app. A fully setup compatible smartphone can
be provided by Acurable when the AcuPebble SA100 system is purchased. An internet
connection is required during setup (to activate the sleep study on the app) and to finish the
study (to upload the signals recorded overnight). Patients can conduct the sleep study
without any internet connection, as the setup and upload can be done by the healthcare
professional providing the AcuPebble system to the patient. The AcuPebble SA100 web
application used by the healthcare professional requires an internet connection to create the
sleep study and to review the sleep study results once it is completed. Healthcare
professionals can receive an automatically generated report within minutes through the
AcuPebble SA100 web application. This report includes the presence and severity of OSA
(overall score (rated normal, mild, moderate or severe) based on the Apnoea Hypopnoea
Index (AHI) or Oxygen Desaturation Index (ODI)). Outputs include: diagnosis information
based on AHI 3% desaturation criteria (AASM guidelines), diagnosis based on AHI 4%
desaturation criteria (AASM guidelines), diagnosis based on ODI 3% desaturation criteria,
diagnosis based on ODI 4% desaturation criteria, classification of apnoea events, cardiac

rate, respiratory rate, snoring evaluation, acoustic derived airflow, acoustic derived relative
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desaturation and activity. The company have advised that the device can be used during
pregnancy and that they plan to extend the intended use for AcuPebble to children. The
paediatric version of AcuPebble has different algorithms to take into account different
scoring rules for children, and an optional, slightly larger sensor in order to be in line with
guidance about choking hazards. A clinical validation study of the paediatric version is
currently ongoing in the UK and is included in the systematic review of this report (see
sections 4.3, 4.8, 4.9, 4.10).

1.3.2 Brizzy (Nomics)

The Brizzy is a CE-marked class lla device and is indicated for use in the screening and
diagnostic evaluation of sleep breathing disorders in children and young people (over 3
years old) and adult patients. The intended use is as a portable sleep recorder for detecting
sleep apnoea syndrome and for monitoring its treatment. The technology can be used at

home and in sleep clinics.

The Brizzy consists of a recording device hub to which electromagnetic sensors are
connected via cables. The Brizzy user manual advises that if the device is to be used on a
child, a responsible adult should be clearly shown how to install the cables to avoid any risk
of strangulation. Furthermore, it recommends securing the cables with either adhesive tape
or by slipping an additional shirt over the device and the sensor cables. The sensors, which
are fixed on the chin and forehead using adhesive tape, measure jaw activity signal (referred
to as “Jawac” by the company): mandibular movement, mouth opening, and nervous gnathic
twitch. A pulse oximeter or an electrocardiogram (ECG) with 3 electrodes are optional add-
ons. The central device hub is attached to a fastening belt and is worn around the waist

during sleep. The company advise having at least 4 hours of recording.

It is currently unclear how the device will be distributed between the user and sleep clinic.
Once the device is returned, a physiologist uploads the study to the web portal (CERES
software) using a wired USB connection to produce an automated report which can aid in
the diagnosis of sleep breathing disorders or be used for further clinical investigation. Raw
data from the recorded study can be accessed and manually scored by healthcare

professionals if needed.
The Brizzy device measures an output called the ‘respiratory events index JAWAC’

(REI_JAWAC). Other outputs measured by the device are total sleep time (TST), sleep

fragmentation, respiratory effort, number and frequency of apnoea events (broken down by
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type: obstructive, central, or mixed), positional analysis (total sleep time in supine versus
non-supine position, REI-JAWAC in supine versus non-supine position), and mandibular
(lower jaw) activity. If using an add-on oximeter or an ECG, the device can also measure
heart rate, oxygen saturation (SpO_), ODI, and an ECG graph. The device provides an
automated qualitative output of OSAHS severity based on the REI_JAWAC measure using

the scoring criteria described earlier in section 1.2)

The device has a lithium polymer battery (rechargeable by USB), and the storage capacity
and battery life allow for recording several nights if used without oximetry or ECG. The
company states that there are no known contraindications, and the technology can be used
during pregnancy. However, caution is advised when used by people with restless leg
syndrome as the number of apnoea events can be overestimated in this group. Parkinson’s
disease and temporomandibular disorders could impact jaw movements and test results
should therefore be interpreted accordingly. The central hub and JAWAC sensors are
reusable, made of recyclable Acrylonitrile Butadiene Styrene plastic. The fastening belt may

be machine-washed and reused.

1.3.3 NightOwl (ResMed)

NightOwl is suitable for adults and children aged 13 years or over. In terms of CE marking,
the software is Class lla but the sensor itself is Class |. The company have indicated that the
NightOwl device to be commercialised in the UK has a built-in battery that allows for 10
nights of recording. The battery is usable for three years from manufacturing. Therefore, the
device can be used intermittently and is not required to be used on consecutive days. The
device is not rechargeable and, after use, it is to be discarded, ideally by any existing

recycling programme for electronic waste.

NightOwl consists of a photoplethysmography (PPG) sensor and an accelerometer and is
attached to the fingertip or forehead using an adhesive. The device measures peripheral
arterial tone (PAT), oxygen saturation, actigraphy (body movement), and pulse rate. A
probabilistic model determines a respiratory event from the co-occurrence of oxygen
desaturation, vasoconstriction manifested as a PAT channel decrease, and a pulse rate

increase.
A 3G or 4G smartphone with the NightOwl Companion app installed is needed for data to be

automatically uploaded to the analytics platform once the test is concluded. An automated

report provides diagnostic information and the severity of OSA (AHI and AHI severity
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category). Other outputs include pulse rate, oxygen saturation (SpO-), ODI, sleep/wake
states (TST), presence or absence of a substantial changes in PAT that may be caused by
the presence of irregular heart rhythms, information on the location of desaturations and
signal artifacts. The raw data can be accessed on the analytics platform and manually
scored, if needed. Performance of the device can be adversely impacted if a person has
changes in their sympathetic response or has reduced blood flow to the fingers e.g., due to
use of drugs that affect the autonomic system (for example, alpha-adrenergic antagonists) or
because they have peripheral vascular disease (for example, secondary Raynaud’s
disease). The device should not be used on patients with known severe ventricular
extrasystole (VES) as this is likely to lead to insufficient clean data segments and therefore a
failed test. The company offers a service to send the device directly to the patient, though
sleep centres can manage delivery if they prefer. In addition, healthcare professionals can
specifically request a patient to pick up the device in person, although this is not the

preferred method.

1.3.4 Sunrise (Sunrise)

The Sunrise is a CE-marked class lla single-use device for adults and children aged over
three years of age. It consists of wireless sensor, measuring 46.5mm x 20.0mm x 5.6mm,
that is placed on the chin. Both patient and health care professional Sunrise user manuals
warn against placing the device in the mouth or swallowing it as this could cause suffocation,
and to keep the device away from children and pets to avoid accidental swallowing..>®
Furthermore the user manuals state that the device may not be suited for bearded users and
advise close shaving or usage of provided adhesive bandages to ensure optimal adhesion.
The device measures mandibular movements to estimate interruptions and breathing during
sleep. An internet connection (wi-fi or 3G/4G) and a smartphone is needed for data to be
transferred from the device to a secure cloud platform where it is automatically analysed. An
automated report provides OSA severity scoring (non-OSA, mild, moderate, or severe)
based on AHI and/or obstructive respiratory disturbance index (ORDI). Other outputs include
sleep/wake states (TST), sleep stages, respiratory events (AHI, RDI, OAHI), central AHI
(CAHI), obstructive respiratory disturbance index (ORDI), respiratory effort related arousal
(RERA) index, respiratory effort, awakening and arousal index, SpO, heart rate, position
changes index and sleep bruxism (extent of teeth grinding during sleep). Raw data can be

accessed through an online web portal and manually scored, if needed.

The company offers a service to send the device directly to the patient. Alternatively, sleep

services can manage delivery or have the patient pick up the device during their consultation
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appointment. Sunrise provides a prepaid and self-addressed envelope to return the device
for disposal in accordance with the European Union’s Waste Electrical and Electronic
Equipment (WEEE) directive. The device cannot be used for people with conditions affecting

the rotation of the condyle (part of the jawbone) in temporo-mandibular joint.

1.3.5 WatchPAT 300 (Zoll/ltamar)

WatchPAT 300 (WP300) is a CE-marked class Ila multi-use device with some single use
components. It is suitable for adults and children aged 12 and above and consists of a wrist
worn device, finger probe and chest sensor. It measures a proprietary peripheral arterial
tone signal (PAT), heart rate, oximetry, actigraphy (body movement), body position, snoring
and chest motion. Snoring and body position safety and effectiveness are validated for an
adult population only. After the sleep test, if the device belongs to the NHS trust, it needs to
be returned to clinical setting where staff download the data via USB connection and analyse
the results using the zzzPAT software. Otherwise, the WatchPAT Direct service provides
delivery services directly from and return to the manufacturer, who sends the results to the

sleep service.

An automated report provides diagnosis and severity of OSA (no apnoea, mild, moderate or
severe apnoea) based on AHI and OHI. Additional outputs include: AHI, CAHI, RDI, ODI,
sleep/wake states, sleep stages, body position, snoring, heart rate, chest movement, SpO.
and actigraphy. Raw data is accessible through the WatchPAT software platform, where it
can be reviewed and manually edited to adjust the test scoring. The manufacturer states that
the WP300 is not indicated for use in people with injuries, deformities or abnormalities that
may prevent proper application of the device and should not be used in people on
medication including alpha blockers or short acting nitrates (taken less than 3 hours before
the study), or people with a permanent pacemaker (atrial pacing or VVI without sinus
rhythm), or people with sustained non-sinus cardiac arrythmias (in the setting of sustained
arrhythmia the WatchPAT’s automated algorithm might exclude some periods of time,
resulting in a reduced valid sleep time. A minimum valid sleep time of 90 minutes is required
for an automated report generation). The WatchPAT 300 is also not indicated for children
who weigh less than 65 Ibs. Additional precautions are stated for people aged 12 to 17 years
of age, including patients with severe comorbidities such as Down Syndrome,
neuromuscular disease, underlying lung disease or obesity hypoventilation to be considered
for laboratory polysomnography (PSG) rather than a home sleep testing.t is recommended
that the physician ensures the patient and his/her guardian are aware that the use of specific

drugs and other substances used to treat ADHD, antidepressants, corticosteroids,
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anticonvulsants, use of caffeine, nicotine, alcohol and other stimulants might interfere with

sleep and affect the sleep study's conditions.

1.3.6 WatchPAT ONE (Zoll/ltamar)

WatchPAT ONE is a single-use version of WatchPAT 300. Unlike WatchPAT 300, an
internet connection (wi-fi or 3G/4G) and a smartphone is needed to transfer sleep data from
the device to a webserver for automated scoring using zzzPAT software. Raw data can be
accessed through the WatchPAT software and manually scored if needed. The company

state they are in the process of setting up a free-of charge recycling service for the device.

1.3.7 Measuring the severity of OSAHS

One of the key outcomes of a sleep study is the ability to attribute breathing disturbances as
predominantly obstructive or non-obstructive in pattern. The former is indicative of sleep
apnoea resulting from obstructions to breathing in the upper airways (i.e. OASHS) whilst the
latter indicates sleep apnoea caused by brain signal disturbances, a condition known as
central sleep apnoea. Central sleep apnoea is less common than OSAHS and has a
different clinical management pathway. As will be explained in section 2, this diagnostic

assessment report is restricted to obstructive rather than central sleep apnoea.

Commonly used diagnostic scoring criteria for OSAHS include the Apnoea Hypopnoea Index
(AHI) and the Oxygen Desaturation Index (ODI). The AHI measures the number of apnoeas
recorded per hour of sleep, averaged across the duration of the sleep study. The ODI
measures the number of episodes of oxygen desaturation recorded per hour (using 3% or
4% desaturation criteria), averaged across the sleep study. The American Academy of Sleep

Medicine (AASM) has defined severity criteria for adults and children.” 8

In people aged 216 years the AHI and ODI scoring thresholds for OSAHS severity are:
¢ Normal/no OSAHS: <5 events per hour

¢ Mild OSAHS: =5 to <15 events per hour

o Moderate OSAHS: =15 to <30 events per hour

e Severe OSAHS: 230 events per hour.

In people <16 years of age the corresponding AHI and ODI scoring criteria are lower to

reflect the fact that children have a different physiology, i.e. different normal state, to adults

and can experience morbidity at a lower AHIs.
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¢ Normal/no OSAHS: < 1 event per hour

¢ Mild OSAHS: 21 and <5 events per hour

¢ Moderate OSAHS: =5 and <10 events per hour
Severe OSAHS: 210 events per hour

Other available scoring indices include the Respiratory Disturbance Index (RDI), which
measures the average frequency of apnoea and hypopnoea per hour of recording using a
portable monitor (e.g. at home) or per hour of sleep time using PSG (e.g. in hospital). It is
important at this point to acknowledge the distinction between total sleep time and total
recording time in a sleep study. Some portable monitors measure only the total recording
time, which may include periods when the patient was awake. Because the total recording
time often exceeds the actual sleep time of the patient, RDI from some portable monitors
underrepresents the severity of OSAHS. PSG, in contrast, does have the ability to estimate
total sleep time. The RDI also records the number respiratory effort-related arousals
(RERASs), defined as a reduction in airflow with resultant arousal that doesn’t meet the

criteria for hypopnoea.

Table 1 shows a classification of sleep study types devised by the American Academy of
Sleep Medicine (AASM), ranging from type 1 (sleep laboratory PSG) to type 4 (devices
measuring 1 or 2 parameters). ' The classification reflects the evolution of diagnostic testing
for OSAHS; the ascending types reflecting the increasing use of limited channel portable
device testing outside of hospitals (i.e. types 2 to 4). The classification (or adaptations

thereof) is widely used in clinical practice and in the scientific literature.

Table 1 AASM classification of sleep study types

Sleep Description
study
Type | Sleep laboratory PSG (gold standard). Multi-channel recordings including EEG, EOG,

EMG, ECG, full set of respiratory measures, position and movement sensors, video
and audio, and COz2. Diagnostic outputs include sleep staging, sleep duration, arousals,

AHI, OAHI, SpO2 and CO2 measures. Attended by qualified sleep technicians.

Type 2 Use the same monitoring sensors as sleep laboratory PSG (Type |) but are unattended

and can be performed outside a sleep laboratory (e.g. at home).

Type 3 Use portable devices that measure limited cardiopulmonary parameters; two
respiratory variables (e.g., effort to breathe, airflow) oxygen saturation, and a cardiac
variable (e.g., heart rate or electrocardiogram). Can be performed in hospital or in the

home (unattended).
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Type 4 Use portable devices that measure only 1 or 2 parameters, typically oxygen saturation
and heart rate, or in some cases, just air flow. Can be performed in hospital or in the

home (unattended).

Other Examples include devices that measure peripheral arterial tonometry (PAT) or

mandibular jaw movements.

Source: Kapur et al, 2017’

AHI Apnoea Hypopnoea index; American Academy of Sleep Medicine (AASM); CO,, carbon dioxide; ECG
electrocardiogram; EEG electroencephalogram; EMG electromyogram; EOG electrooculogram; PSG polysomnography;
SpO,, oxygen saturation

The AASM classification doesn’t necessarily include novel approaches to diagnostic testing.
For example, some approaches use peripheral arterial tonometry (PAT) in place of
measuring some of the parameters used in type 1 to 4 devices. The classification also
doesn’t explicitly account for the recent proliferation of wearable devices and non-contact
systems. Some commentators have therefore appended an ‘other’ category to represent

these newer technologies.

1.4 Care pathway

1.4.1 Care pathways in adults

People with suspected OSAHS may present to primary care with a range of self-reported
symptoms including snoring, unexplained excessive sleepiness, tiredness, fatigue, choking
during sleep, and insomnia. The patient’s symptoms form the basis of a sleep history taken
by the doctor. Additionally, instruments such as the self-administered Epworth Sleepiness
Scale (ESS), the Epworth Sleepiness Scale (ESS) for Children and Adolescents (ESS-
CHAD) and the STOP-Bang questionnaire may be also used. Other factors taken into
account when making a referral include comorbidities and any patient occupational risk (e.g.
vocational driving). If there is sufficient clinical suspicion of OSAHS based on these
assessments the doctor will refer the patient to a specialist sleep service for further

investigation.

Once referred specialist assessment of the patient’s symptoms and needs will be
undertaken to determine which approach to diagnostic testing is most appropriate. Factors
taken into consideration include whether the patient has contraindications to any of the
testing devices; the presence of multiple comorbidities; level of clinical suspicion of OSAHS;
the likely severity of OSAHS and patient preferences, including practical considerations
about the feasibility of home or inpatient testing. Expert clinical advice to the EAG is that this
is commonly done by a consultant in respiratory medicine / sleep respiratory medicine, but in

some centres, specialist nurses triage patients for diagnostic testing.
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The NICE guideline on obstructive sleep apnoea/hypopnoea syndrome and obesity
hypoventilation syndrome in over 16s (NG202, 2021)? recommends the following diagnostic
approaches in people with suspected OSAHS:

e Home RP as the initial testing strategy, where practical.

o If access to home RP is limited, home oximetry alone may be used (with the caveat
that this may be inaccurate for differentiating between OSAHS and other causes of
hypoxaemia in people with heart failure or chronic lung diseases).

o Hospital RP can be used when home RP and home oximetry are impractical or
where further RP monitoring is required.

e PSG can be used if RP results are negative but symptoms continue.

In addition to NICE NG202,? the American Academy of Sleep Medicine (AASM) Clinical
Practice Guidelines on diagnostic testing for adult OSA is also widely used by sleep

specialists in England.

Although both the AASM and NICE guidelines recommend home RP for diagnosing OSAHS
(in uncomplicated cases), this approach is regarded has having limitations. The RP monitors
include multiple wired components attached to the person as they sleep which can be
uncomfortable, potentially interrupting sleep, affecting the patient’s sleep position and
therefore natural sleep patterns. If total sleep time is less than the minimum time required to
complete the test (usually at least four hours) the results may be inaccurate or inconclusive.
Consequently, one or more re-tests may be required, adding to costs and delaying a
definitive diagnosis and commencement of treatment, if needed. If a successful home RP
result cannot be achieved, then an in-hospital sleep study (if available) may be required.
Expert clinical advice suggests, however, a reduction in hospital sleep testing capacity since
the COVID-19 pandemic, creating greater reliance on home-testing as the primary approach
to sleep testing. The criteria for assessing patient suitability for home testing has therefore
widened and now includes some types of patients who previously would have received

hospital PSG as the primary testing approach.

Sufficient training is needed to ensure correct use of testing devices in the home, with cost
implications in terms staff time to provide instruction and support to patients. Furthermore,
home testing equipment must be collected from, and later returned to, the hospital before
diagnosis can be confirmed. This is often the patient’s responsibility and requires means of
transport and their availability during clinic operating hours. Patients will therefore incur

transport costs, and may even need time off work, with consequent loss of earnings for
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some. Transport costs will inevitably be excessive for patients whose nearest sleep clinic is
some distance away. Some clinics send equipment to patients via the postal service or by
courier, accumulating substantial costs to the NHS. Clinical experts consulted commented
that home testing equipment is not always returned, leaving hospitals to cover the cost of

replacements.

Some novel devices can be sent directly to the patient by the manufacturer. A direct delivery
service could improve access to home testing thereby reducing excessive waiting times for
home-testing currently seen in practice, particularly since the COVID-19 pandemic.
Potentially this could reduce time to diagnosis, leading to more timely treatment initiation and
symptom improvement. Furthermore, a delivery service managed by the manufacturer rather

than the NHS would allow NHS staff to focus on other priorities.

1.4.2 Care pathways in children

In 2023 The British Thoracic Society (BTS) published a clinical guideline for diagnosing and
monitoring paediatric sleep-disordered breathing.® The guideline, the first in the UK
specifically covering OSAHS in children, proposes a number of care pathways covering
initial assessments of symptoms and types of sleep study, as appropriate to the needs of the
patient. A key factor governing choice of pathway is the presence or absence of

comorbidities.
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2 DEFINITION OF THE DECISION PROBLEM

The NICE scope for this diagnostic assessment includes the following decision question,

developed and prioritised in consultation with relevant stakeholders.

Decision question
Do novel home-testing devices for OSAHS represent a clinically and cost-effective use of

NHS resources?

The following sub-sections define the parameters relevant to the decision problem.

2.1 Population and relevant subgroups

The population of interest is people suspected to have OSAHS (who are considered suitable
for a home sleep study) in both adults (over 16 years old) and children (2-16 years). This
assessment reviews the evidence for these defined adult and child populations separately as
not all devices included in this assessment are indicated for use in children or young people.
The age ranges align with the NICE Guideline for the diagnosis and management of OSAHS
and obesity hypoventilation syndrome in over 16s (NG202)? and the British Thoracic Society

(BTS) guideline for diagnosing and monitoring paediatric sleep-disordered breathing.®

Subgroups of interest are:
e People with chronic obstructive pulmonary disease (COPD)
e People who have neuromuscular disorders
e People from black, Asian and minority ethnic backgrounds
e For children and young people aged 16 and under, with and without comorbidities (as
defined in the BTS guidelines for the diagnosis of sleep disordered breathing in
paediatrics)

e Pregnant women and pregnant people.

2.2 The intervention

As described in section Error! Reference source not found. of this report, six novel
devices were identified for inclusion in the NICE scope. They were selected on the basis of
having novel features that have the potential to demonstrate cost-effectiveness in relation
existing standard practice, and because they are commercially available in England. The
devices are: AcuPebble SA100 (Acurable), Brizzy (Nomics), NightOwl (ResMed), Sunrise
(Sunrise), WatchPAT 300 (Zoll/ltamar) and WatchPAT ONE (Zoll/Itamar).
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Four of these devices are indicated for use in children and/or adolescents as well as for use
in adults: Brizzy (for patients over three years of age),'® NightOwl (individuals aged 13 or
older),"" Sunrise (for patients over three years old),> and WatchPAT 300 (for 12 years and
older, except for the Central Apnoea-Hypopnoea index parameter which is indicated for
patients 17 years and older).'? In the child population (2-16 years for this assessment) CO,

monitoring may be used alongside the interventional device.

2.3 The comparator

The comparator technologies are RP or home pulse oximetry devices currently in use across
the NHS in England for home testing. Home RP devices include at least four channels, for
example to record oximetry, breathing rate, apnoeas and hypopnoeas, snoring and body
position. Examples of RP devices used in home testing include Alice NightOne (Philips),
ApnealLink Air (ResMed), Embletta MPR PG (Stowood), NoxT3s (ResMed); these examples

are illustrative and other branded devices are also in use within the NHS.

Additionally, in the child population (2-16 years for this assessment) CO, monitoring may be

used alongside the comparator technology of either home RP or home pulse oximetry.

2.4 Outcomes
The outcomes of relevance to the decision problem are grouped into the four categories

below.

Intermediate outcomes can include measures of diagnostic accuracy (e.g. sensitivity and
specificity) and the ability to assess severity of OSAHS; the time taken to interpret device
outputs, reach a diagnosis, and/or start treatment; test failure rate and the number of repeat
sleep studies done; use of healthcare resources, e.g. hospital admissions and use of

pharmacological and non-pharmacological interventions for the management of OSAHS.

Clinical outcomes evaluate morbidity and mortality.

Patient reported outcomes evaluate aspects that have an impact on patients on a personal
and/or functional level. They reflect ease of use for the patients and their carers, with the
extent to which assistance from a healthcare professional is needed to set up and operate
the device. Acceptability of the device is relevant such as being more comfortable to wear,
and the potential to reduce anxiety and stress and provide a more representative night of

sleep data.
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Costs outcomes are considered from an NHS and Personal Social Services perspective.

2.5 Overall aims and objectives of the assessment
The aim of this diagnostic assessment is to estimate the clinical effectiveness and cost-
effectiveness of novel home-testing devices in people with suspected OSAHS. The results

will inform NICE guidance to the NHS on use of this diagnostic technology.

The objectives of this diagnostic assessment are:

1. To conduct a systematic review of the clinical effectiveness (including diagnostic
performance) of novel home-testing devices in people with suspected OSAHS.

2. To conduct systematic reviews of evidence to inform a health economic evaluation of
novel home-testing devices in people with suspected OSAHS. We will conduct a
systematic review of cost-effectiveness studies and of health-related quality of life
(utility) studies. We will take a systematic approach to identifying relevant resource
use and cost data relating the diagnosis and treatment of OSAHS.

3. To conduct a health economic evaluation using decision-analytic modelling to assess
the incremental cost-effectiveness of novel home-testing devices compared to home

RP or home oximetry in people with suspected OSAHS.
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3 METHODS OF CLINICAL AND DIAGNOSTIC ASSESSMENTS

The proposed methods to produce the systematic review of clinical effectiveness were
reported a priori in a published research protocol (PROSPERO registration number
CRD42023443437). The final protocol was published on the NICE website shortly after the
final scope of this assessment was published in June 2023. The following sub-sections

report further detail on the methods used.

3.1 Identification of studies

Comprehensive, systematic literature search strategies were designed and tested by an
experienced information specialist from the project team to inform the systematic review of
diagnostic test evaluation and clinical effectiveness (see section 4), and systematic reviews

of cost effectiveness evidence and economic model input parameters (see section 5).

The draft search strategy for diagnostic test evaluation and clinical effectiveness was piloted
in MEDLINE, following which revisions were made and a final version produced. The final
search strategy was implemented in the following health and medical research databases
and trials registers:
e Ovid MEDLINE(R) ALL
e Ovid Embase Classic + Embase
e Cochrane Library (Wiley) for the Cochrane Register of Controlled Trials (CENTRAL)
and the Cochrane Database of Systematic Reviews (CDSR)
e Web of Science for Science Citation Index Expanded (SCI-EXPANDED) and
Conference Proceedings Citation Index — Science (CPCI-S)
¢ International HTA Database (database.inahta.org)
¢ CRD Database for the Database of Abstracts of Reviews of Effects (DARE) and the
NHS Economic Evaluations Database (NHS EED) (crd.york.ac.uk/CRDWeb)
e Epistemonikos (epistemonikos.org)
e ClinicalTrials.gov
o BePartOfResearch (formerly the UK Clinical Trials Gateway)
¢ NIHR Clinical Research Network
o OpenGrey
o PROSPERO register of systematic reviews
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The databases were initially searched between 22" and 24" May 2023, and were then
searched again on 25" September to identify any relevant references added to the

databases between May and September. No date limits were applied.

We searched for conference abstracts for the last three years only, on the assumption that
after three years studies presented atconferences would likely have been published in full
and identified by our database searches. We identified several specific sleep medicine
conferences from which the abstracts are indexed in the Embase, MEDLINE and/or SCI-
Expanded databases listed above. For this reason we did not hand search them separately.
The conferences were: Clinical Update Sleep™ (Guy’s and St Thomas’ NHS Foundation
Trust), Sleep Europe (European Sleep Research Society), ESRS Congress (European
Sleep Research Society), The Sleep and Breathing Conference (European Respiratory
Society and the European Sleep Research Society), ERS International Congress (European
Respiratory Society), World Sleep (World Sleep Society), and Sleep (American Academy of
Sleep Medicine and the Sleep Research Society).

To identify any further relevant primary studies we also searched:
o the reference lists of the included studies,
o the reference lists of relevant systematic reviews identified in the database searches,
o the manufacturer and distributor evidence submissions to NICE,
e any references brought to our attention by our clinical experts and NICE specialist

committee members.

Further details and the full search strategies applied to each database are reported in

Appendix 1

3.2 Inclusion and exclusion criteria

The predefined inclusion and exclusion criteria are based on the decision problem as
outlined earlier in section 2, and are described below. An extended PICO tabulation of these
criteria is included in Appendix 2 . This table is the basis of the worksheet we used to

systematically apply the criteria to each study screened.

3.2.1 Population

The relevant population is people with suspected OSAHS.
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The population is stratified by the following age groups:

. People over 16 years old

. Children and young people between 2 and 16 years of age (NB. some technologies
included for assessment are not indicated for use in children or young people. None of the

technologies are indicated for children aged under 2 years).

Where data permits, the following subgroups were considered:

. People with COPD

. People who have neuromuscular disorders

. People from black, Asian and minority ethnic backgrounds

. For children and young people aged 2 to 16 years, with and without comorbidities (as

defined in the BTS’s guidelines for the diagnosis of sleep disordered breathing in
paediatrics)

. Pregnant women and pregnant people

3.2.2 Interventions

The following technologies were eligible for inclusion:
e AcuPebble SA100 (Acurable)
e Brizzy (Nomics)
¢ NightOwl (ResMed)
e Sunrise (Sunrise)
o WatchPAT 300 (Zoll/ltamar)
o WatchPAT ONE (Zoll/ltamar)

For children and young people (2-16 years), use of the interventions may be alongside CO-

monitoring.

3.2.3 Comparators

For people over 16: home RP or home oximetry (can include home test devices currently
used in clinical practice but cannot include any of the named novel devices in 5.2 above).
For people with COPD, home oximetry alone is not recommended and will therefore not be

considered a suitable comparator for this subgroup.

For children and young people aged 2 to 16 years: home RP or home oximetry. CO2

monitoring may be used alongside these technologies.
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Home RP or home oximetry can include home test devices currently used in clinical practice

but cannot include any of the named novel devices included as interventions (above).

The reference standard can include in-hospital PSG, PSG done outside hospital or RP done

in a healthcare setting (rather than at home).

3.2.4 Study design

We did not limit inclusion by type of study design, because a range of study designs could

potentially be used to assess the clinical effectiveness of novel home testing devices.

3.3 Inclusion screening process

At the first stage of screening, two reviewers independently applied the above criteria to the
titles and abstracts using an inclusion/exclusion worksheet (see Appendix 2 ). Any
disagreements between reviewers in judgements about study eligibility were resolved

through discussion or with the opinion of a third reviewer where necessary.

At the second stage of screening one reviewer screened the full texts of references judged
potentially relevant on title and abstract screening. A second reviewer checked the first
reviewer’s judgement on eligibility based on the full text. The reviewers discussed any
discrepancies in judgement and before agreeing a final decision to include or exclude the
reference. Where study eligibility remained unclear due to missing information to inform
reviewers’ judgement, we contacted the authors of the study and requested the required

information.

To ensure consistency between reviewers in the application of the inclusion/exclusion
criteria, the EAG developed decision rules to be followed when screening studies with

complex characteristics or ambiguously reported procedures.

3.4 Data extraction strategy

Relevant data was extracted from each included study, covering details of the study design
and methods, the socio-demographic and health characteristics of the study population, the
intervention, and comparator(s), and the study outcomes. Each study underwent data
extraction by a single reviewer using a structured and piloted data extraction form (see
Appendix 3 for the data extraction template). Data was extracted from each publication
available for a given study, including journal article supplemental information where
available. The extracted data was checked for accuracy and interpretation by a second

reviewer and any discrepancies between them were resolved through discussion. The
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finalised agreed data extraction form for each study informed the synthesis of clinical
effectiveness (see section 3.6) (NB. The finalised data extraction forms are available on

request).

3.5 Critical appraisal of study methodology

Included studies were critically appraised for risk of bias and applicability using the
QUADAS-2 instrument.'® Each study was appraised by one reviewer and their judgements
checked by a second reviewer, with any disagreements between reviewers resolved through
discussion. The results of our critical appraisal are summarised in section 4.4 with further

detail given in Appendix 5.

3.6 Method of data synthesis

The data extracted from the included studies was used to inform a structured descriptive
synthesis of clinical effectiveness. Summary numerical and statistical data from the included
studies are tabulated with accompanying textual description, for each outcome measure in

turn (see sections 4.5 t0 4.7).

In the protocol for systematic review of clinical effectiveness we stated our intention to
assess the appropriateness and feasibility of meta-analysis, based on considerations such
as whether sufficient data were available and whether heterogeneity across the included
studies could be considered acceptably low. Having made these assessments our position is
that clinical heterogeneity is substantial enough that meta-analysis would not be appropriate.
The respective novel devices are distinct in terms of their design, technology and clinical
application and for this reason it would be inappropriate to statistically pool outcomes across
different devices as if they were interchangeable. We did, however, consider that a set of
pairwise meta-analyses for each respective novel device would be appropriate (e.g. novel
device 1 vs comparator, novel device 2 vs comparator). This approach has been followed in
previous systematic reviews in this topic area.' However, as will be reported in Section 4,

pairwise meta-analysis was not feasible due to the low number of relevant studies included.
For the same reasons mentioned above, it was not feasible to construct a network meta-

analysis to indirectly compare the novel devices to inform an incremental assessment of cost

effectiveness.
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4 RESULTS OF CLINICAL AND DIAGNOSTIC ASSESSMENTS

4.1 Quantity of research available

Our initial literature searches, done in May 2023 (see section 3.1 and Appendix 1) identified
a total of 3541 potentially relevant references after duplicate references were removed.
Independent screening of titles and (where provided) abstracts by two reviewers determined
that 3313 of these references did not meet the inclusion criteria, whilst the full text of the
remaining 228 references were obtained for further screening. Of the 228 full texts
examined, 201 did not meet our inclusion criteria and were excluded. Updated literature
searches conducted in late September 2023 (see section 3.1 and Appendix 1) identified a
further 144 unique titles and abstracts, of which 130 did not meet our inclusion criteria. Of
the 14 full texts examined, 12 did not meet our inclusion criteria and were excluded. In total
15 full texts identified through our initial and updated database searches meet our inclusion

criteria.

Identification of studies via other methods included:

e Searching company submissions for relevant documents and references. This
yielded 36 full texts, of which 16 did not meet our inclusion criteria.

o Citation checking of relevant systematic reviews (one full text identified, which did not
meet our inclusion criteria)

o Citation checking of included studies (three full texts identified, one of which meets
our inclusion criteria)

e Contacting study authors. Overall, authors of 34 full texts were contacted for
clarification as to whether their paper met our inclusion criteria. Authors of 15
responded, some of whom provided references they believed relevant to our review.
This resulted in an additional nine full texts being identified, of which seven did not
meet our inclusion criteria.

Of the 49 full texts identified via other methods, 15 meet our inclusion criteria.

In summary, the combined May 2023 and September 2023 searches of literature and other
sources identified a total of 290 references subjected to full text screening, 239 were
excluded, the majority for reporting an intervention not relevant to the scope (reasons for
exclusion are given in Appendix 2). A further 21 references did not report sufficient
information to fully inform a screening decision to include or exclude. The remaining 30
publications reported a total 18 studies meeting the inclusion criteria for this systematic
review. These are listed in Table 59 in Appendix 4. The PRISMA 2020 flowchart in Figure 1

illustrates the flow of studies during the stages of screening.
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Of the 18 included studies:

e 12" studies are relevant to the over 16 years age group in this diagnostic assessment
and an additional two studies provide supporting evidence (Table 2).

e Three studies are relevant to the 2-16 years of age group (Table 4).

e The remaining study, NCT0476473 2021,'® compared NightOwl to PSG, with an age-
related inclusion criterion of “13 years and older”. However, results are not yet available
even though the study has completed. Attempts by the EAG to obtain clarification or data
from the study investigators have so far proved unsuccessful. For the sake of clarity, we

will not refer to this study in the remainder of this chapter.
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Identification of studies via databases Identification of studies via other methods
s Records identified from:
= Records removed before Companies’ submissions to NICE (n =36)
o Records identified from: > screening: Citation searching of relevant systematic reviews (n =1)
% Databases (n=6699) Duplicate records removed Reference checking of reports of included studies (n = 3)
g (n =2925) Author response (n =9)
Records screened Records excluded
—>
(n=3541; update search n=144) (n =3313; update search n =130)
o Reports not retrieved
k= Reports sought for retrieval ) Reports sought for retrieval (n =1; paper unavailable through
s (n =228; update search n=14) »| Reports not retrieved (n =49) »| British Library or from journal
g (n=0) publishers)
(7]
Reports assessed for eligibility -
—0oa. — .| Reports excluded: 213 Reports assessed for eligibility g ]
(n =228; update search n=14) v Population (n = 17); Intervention (n =48) o RepPorts ?Xt(_ﬂUded'_gs
(n = 180); Comparator (n = 7) In?grli/:r:ﬁgrfr(]n;)&
Design (n =3); Ongoing study (n c " 6
=1), Publication type (n=1), Oo:npara or ('l:t )
Duplicates (n=2), Language (n=2) Dgs(i:grzn(ens—gn) =4)
3 L . . Reports/conference abstracts Ongoing study (n=2)
(7] -
= Studies included in review (n = 18, with insufficient information
3 17 have results available, 2 provide (n = 14) Reports/conference abstracts
= supporting evidence) with insufficient information
Reports of included studies (n = 30) |4 (n=7)
Figure
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4.1.1 Studies of people over 16 years of age

Table 2 lists the 12 studies relevant to the over 16 years age group in this diagnostic
assessment, plus two studies of an earlier version of one of the novel devices, included as
supporting evidence. (NB. for simplicity, from here onwards we state the number of included
studies in this review to be 14). All studies were published in peer-reviewed scientific
journals, with the exception of:

e Alsaif et al (2023)"” manuscript submitted for publication (available to the EAG
academic in confidence by the study authors). The manuscript provides final results
of the study, superseding interim results presented in a conference abstract. '

e Storey et al (2022)?° conference poster presentation supplied by the company to the
EAG (not confidential). No further reports or publications for this study are available
currently.

In each study the novel device under evaluation was compared to one of the NICE guideline
(202) recommended diagnostic testing approaches for OSA (e.g. RP or PSG). In all studies
both the novel test and the comparator test were the performed with the same participants.
No eligible studies were identified in which a novel device was compared against more than
one other test, and there were no studies in which novel and comparator test were

performed in separate groups of participants.

Table 2 Overview of included studies by novel device and comparator (people over 16

ears)

Intervention Comparator/reference standard

novel device Respiratory polygraphy (RP) | Polysomnography? (PSG)

AcuPebble SA100 | Devani et al (2021)° Sanchez Gomez (2024)*°

15

Brizzy - Martinot et al (2017)?'

NightOwl - Massie et al (2018)?
Massie et al (2022)%3 ®
Van Pee et al (2022)% ¢
Lyne et al (2023) % ¢

Sunrise Alsaif et al (2023) Pepin et al (2020)%°
Kelly et al (2022)?" ¢

WatchPAT ONE Storey et al (2022)* -

WatchPAT 300 Mueller et al (2022)>° -

Supporting evidence

WatchPAT 200- - Tauman et al 2020%°

Unified? Pillar et al 20203
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The ‘- symbol means that no studies met the inclusion criteria

2Hospital sleep laboratory-based PSG in all studies except Kelly et al (2022) where PSG was home-based.

® Not stated whether the disposable or reusable version of NightOwl is used; we assume the reusable version.

¢described as the “NightOwl reusable version”

dincludes versions described as “disposable NightOwl Mini and the NightOwl reusable”

¢home-based PSG is the comparator

fwe note there is some uncertainty over which version of WatchPAT was used in this study. The publication describes the
novel device as “WatchPAT 200/300” without further explanation on what this means. In the absence of a response to our
request for clarification from the authors we made a pragmatic assumption that WatchPAT 300 was the novel device
evaluated by the study. From this point onwards when referring to this study we state WatchPAT 300 rather than
“WatchPAT 200/300".

9 In accordance with the systematic review protocol, we permitted inclusion of studies evaluating an earlier version of a
novel device if evidence for the current version of the device was unavailable. WatchPAT 200 Unified is the predecessor to
WatchPAT 300 / ONE; two studies of WatchPAT 200 Unified were identified by our systematic searches.

As Table 2 shows, novel devices were compared to home RP in four studies, to hospital
sleep-laboratory PSG in seven studies, and home-based PSG in one study. There were no

eligible studies identified which compared novel devices to home-based pulse oximetry.

The EAG would like to highlight that use of the term comparator reflects the diagnostic tests
that studies used to evaluate the novel device against, and that these do not necessarily
correspond to the comparators as defined by the NICE scope. In many studies the
comparator test was the reference standard for assessing diagnostic performance of the
novel device. Some study publications explicitly refer to the comparator test as being a
reference standard. The NICE scope uses the terms comparator and reference standard to
refer to specific types of diagnostic testing. To illustrate this Table 3 shows the eligible
comparators and reference standards as presented in the NICE scope and which of these
feature in each included study. Table 3 is, therefore, an alternative presentation of the

information in Table 2 from the perspective of the NICE scope.

Table 3 Overview of included studies by novel device and comparator as presented in
the NICE scope (people over 16 years)

Study Novel NICE scope NICE scope reference standard
device comparator
Home Home In- Other Healthcare
RP oximetry | hospital | setting setting RP
PSG PSG
Novel devices compared to home RP
Devani et al (2021)'0 AcuPebble va X X X X
SA100
Alsaif et al (2023)"7 Sunrise v a X X X X
Storey et al (2022)28 WatchPAT v X X X X
ONE
Mueller et al (2022)2° WatchPAT v X N/A N/A N/A
300

54



Novel devices compared to PSG

Sanchez Gomez AcuPebble X X v X X

(2024) 2° SA100

Martinot et al (2017)'" | Brizzy X X v X X

Massie et al (2018)22 NightOwl X X v X X

Massie et al (2022)12 NightOwl X X v X X

Van Pee et al (2022)'3 | NightOwl X X v X X

Lyne et al (2023)'4 NightOwil X X v X X

Pepin et al (2020) 26 Sunrise X X v X X

Kelly et al (2022)° Sunrise X X X v X

Supporting evidence

Pillar et al (2020)3" WatchPAT X X 4 X X
200-Unified

Tauman et al (2020)3° | WatchPAT X X v X X
200-Unified

@home RP is a reference standard for diagnostic accuracy measures in this study
N/A Not Applicable (study does not measure diagnostic accuracy)

In the novel device vs RP studies, both tests were done at home by the patient. In contrast,
the novel device vs PSG studies were done in the hospital sleep laboratory setting, typically
with simultaneous administration of novel device testing and PSG testing. (NB. Again, Kelly
et al 2022 ?" is an exception as both novel device and PSG testing were done in the patient’s
home). As will be discussed later, home-based novel device testing studies are more
relevant to the decision problem than studies in which the novel device is used in a hospital-
sleep laboratory. Furthermore, the two settings are not necessarily comparable in terms of
device efficacy. The fact that disproportionately fewer home-based studies are represented
in this review is a limitation to bear in mind when interpreting the synthesis of clinical

effectiveness.

Table 2 illustrates further disproportionality in the evidence for novel devices. The NightOwl
device was evaluated in four studies, the Sunrise device in three studies, AcuPebble SA100
in two studies, and only a single study each was included for Brizzy, WatchPAT ONE and
WatchPAT 300.

Predecessor versions of novel devices

Of the two WatchPAT studies included in the review,?®?° neither reports diagnostic accuracy
results (e.g. sensitivity and specificity). Without these data it would not be possible to assess
the cost effectiveness of WatchPAT 300/ONE using our economic model (see section 5).
The protocol for this review states that evidence for earlier, comparable versions of the
devices would be considered if necessary. We therefore considered the feasibility of using
evidence from earlier versions of WatchPAT in lieu of the current versions. The NICE scope

notes that software or algorithms used by the devices may have been periodically updated,
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which may impact performance. Therefore, evidence based on earlier versions of the
software (e.g. WatchPAT 100, 200 and 200 Unified) may not accurately reflect the

effectiveness of the current versions.

The manufacturer confirmed with NICE that both WatchPAT 300 and WatchPAT ONE use
an identical algorithm to WatchPAT 200U. In addition, both devices produce identical signals
to that of WatchPAT 200U. This similarity enabled the company to obtain FDA and CE
approval for the current devices based on technological continuity. We therefore took a
pragmatic decision to include any eligible studies of WatchPAT 200 Unified to inform
economic modelling. Our systematic literature searches were designed to identify all
versions of WatchPAT and we were able to find two relevant WatchPAT 200U studies; these

are included as supporting evidence in the systematic review. 3

4.1.2 Studies of children and young people aged 2 to 16 years

Table 4 lists the three included studies relevant to the 2 to 16 years age group in this
diagnostic assessment. In two studies the novel devices studied (Brizzy and Sunrise) were
performed overnight in hospital sleep laboratory simultaneously with PSG, the

comparator/reference standard.

Unlike in the over 16 years group, we did not identify any relevant studies of predecessor
versions of WatchPAT (e.g. WatchPAT 200U) which could have been included as supportive

evidence.

Table 4 Overview of included studies by novel device evaluated (children and young
eople aged 2 to 16 years)

Novel device Comparator

Respiratory polygraphy (RP) | Polysomnography? (PSG)
AcuPebble SA100
Brizzy - Martinot et al (2015)32
NightOwl - -
Sunrise - Martinot et al (2022)
WatchPAT 300 - -
WatchPAT ONE - -

The ‘-* symbol means that no studies were included.
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Table 5 shows the eligible comparators and reference standards as presented in the NICE
scope and which of these features in each included study in the 2-16 years age group. This
is an alternative presentation of the information in Table 4, from the perspective of the NICE

scope.

Table 5 Overview of included studies by novel device evaluated as presented in the
NICE scope (children and young people aged 2 to 16 years)

Study Novel NICE scope comparator NICE scope
device reference standard
Home | Home In- Other | Healthcare
RP oximetry | hospital | setting | setting RP
PSG PSG
Novel devices compared to PSG
NCT04031950 (2019)322 AcuPebble | | | | |
SA100
Martinot et al (2015)33 Brizzy X X v X X
Martinot et al (2022)34 Sunrise X X v X X

=

4.2 Characteristics of included studies (people over 16 years)

4.2.1 Overview of general study characteristics (people over 16 years)

Table 6 gives an overview of the general characteristics of studies included in the review for
people over 16 years. (NB. Participant characteristics are reported in the next sub-section,
4.2.2). In terms of geographical location, most studies were conducted in northern Europe,
with a minority from further afield, including the USA and Australia. Within Europe a cluster
of studies originate from Belgium, reflecting the concentration of specialist scientific and
clinical expertise in that area. Three studies were UK-based, two from specialist sleep
centres in London (Alsaif et al., 2023; Devani et al., 2021), additionally in the Scottish
Highlands (Alsaif et al., 2023), and the third study [l (Storey et al., 2022). In a fourth
study the main study centre was in France with a reference centre for expert PSG scoring
located in London (Kelly et al., 2022).

Study sample sizes

The number of participants enrolled in the studies varied from 40 (Kelly et al., 2022 and
Alsaif et al.,2023) to 600 (Storey et al., 2022). There was variability in how study sample
sizes were decided:

o Seven studies did not report statistical power calculations for the number of

participants necessary to recruit for hypothesis testing (Mueller et al., 2022; Storey et
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al., 2022, Massie et al., 2018; Massie et al., 2022; Kelly et al., 2022; Pillar et al., 2020
and Tauman et al., 2020).

o Six studies (Devani et al., 2021; Martinot et al., 2017; Van Pee et al., 2022; Lyne et
23; Sanchez Gomez et al., 2024 and Pepin et al., 2020) reported sample size
calculations and all were subsequently adequately powered, except for Pepin et al.,
(2020) which recruited just under the minimum target number of patients in one of the

study groups (46 patients instead of 50 patients for the non-OSA group).

¢ One study (Alsaif et al., 2023) stated that _
.

In most studies the number of participants analysed was lower than the number enrolled due
to patient exclusions. Various reasons for exclusion were reported including patient
withdrawal from the study and study administrative errors. Participants were also excluded in
cases of test failure, where it was deemed that the novel home test and/or the comparator
test wasn’t performed according to standard protocol or the recorded data did not meet

criteria for validity (see section 4.5.6 for failure rates).

Comparator / reference standard

The comparator used in most studies (n=9) was sleep laboratory-based polysomnography
(PSG). This was the standard of care in many study centres and widely regarded by
investigators as the “gold standard” testing approach for diagnosing and assessing the
severity of OSA. In studies assessing both diagnostic accuracy and other types of outcomes
(e.g. clinical measures, patient reported outcomes) PSG can be considered a reference
standard for the former and comparator test for the latter. The novel device was used
concomitantly with laboratory-based PSG in all 9 studies rather than in the home setting,
thus limiting their applicability to the decision problem. Sleep study setting is considered to
influence the diagnostic test performance and estimates from laboratory-based studies are
not necessarily representative of home-based studies where, for example, the patient is
responsible for correct administration of their own tests.™ In an additional study the PSG
was installed in the patient’'s home and used concomitantly with the novel device, Sunrise
(Kelly et al., 2022).

There were just four studies which compared novel devices against respiratory polygraphy in
the home setting. In Devani et al (2021), the study was designed to represent the conditions
in which AcuPebble is typically used in practice, i.e. the home environment. The company

stated that this was a requirement necessary to obtain regulatory approval. Respiratory
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polygraphy, which is a commonly used home test, was therefore an appropriate comparator.
In Mueller et al (2022), the choice of level 3 cardiorespiratory polygraphy as a comparator to
the WatchPAT device was because polygraphy is well validated and commonly used in
practice. The choice of home polygraphy as a comparator in the third study, the Sunrise
OSA Trial (SOSAT) (Alsaif et al 2023), was prompted by the results of previous studies
demonstrating comparability in performance between the novel device (Sunrise) and in-lab /
home-based PSG. In the fourth study (Storey et al.,2022), the need to manage infection
control and waiting lists for home sleep study tests due to the COVID-19 pandemic was the
impetus behind the authors comparing WatchPAT ONE to their hospital’s standard home
sleep study test (NOX T3).

Study designs

There was general uniformity in study designs used. Most were prospective cross-sectional
evaluations of patients referred to specialist sleep services with suspected OSA. Patients
received overnight standard of care testing with concomitant administration of novel device
testing. Comparisons between tests are therefore performed within a single cohort of
patients in each study. A limitation of many of the studies with this design is that the novel
device and comparator / reference standard test are evaluated in the sleep laboratory rather
than in its intended setting (i.e. the patient’s home). Sleep study setting is known to influence
the diagnostic performance of devices and estimates from laboratory-based studies are not

representative of home-based studies.™

Two studies introduced minor variations to the single cohort design. In the Sunrise OSA Trial
(SOSAT) (Alsaif et al 2023) patients received novel and standard testing simultaneously
during a single night, and additionally they were randomised to receive their treatment
decision based on either the novel device (Sunrise) or the comparator (home respiratory
polygraphy). Patients in the study by Mueller et al (2022) underwent testing with the novel
device (WatchPAT 300) and the comparator, respiratory polygraphy, in a randomized order
over two consecutive nights (RP then PAT or PAT then RP).

In all studies the novel device test and comparator test were done on a single night. In
practice however, some testing protocols permit multi-night testing if required to obtain a
successful sleep test. As sleep patterns often vary from one night to another this is a notable
limitation to be considered when interpreting the results of the clinical effectiveness

systematic review and cost effectiveness analysis.
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Whilst all studies evaluated the efficacy of novel devices as a diagnostic approach, the
precise focus of inquiry varied. We observed a number of themes of inquiry, and present
some examples for illustration:

o Validation studies. Some studies were done to validate a novel diagnostic
technology, or certain novel features of a technology. For instance, Martinot et al
(2017) hypothesised that analysis of mandibular movement (MM) during sleep (in this
study recorded by the Brizzy magnetic sensor) would compare favourably to PSG on
measures of test agreement and diagnostic accuracy. The authors make a scientific
case showing how analysis of MM during sleep can accurately identify the
occurrence of cortical arousal, increased respiratory effort (RE) and RE-related
arousal (RERA), all of which are associated with sleep apnoea events.

¢ Real world studies. Some studies were designed to assess the efficacy of a novel
device in settings typical of those in which it is intended to be used (Devani et al
2021; Alsaif et al, 2023, Mueller et al., 2022). These studies assessed patient
usability of the test, comfort levels during testing, and overall acceptability to the
patient, amongst other outcomes.

o Specialised investigations. Some studies investigated particular aspects of sleep
testing to advance knowledge in poorly understood areas. For example, Massie et al
(2022) aimed to evaluate the rapid eye movement (REM) phenotyping performance
of the PAT signal from the NightOwl device.
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Table 6 Overview of included studies

people over 16 years)

Study ID Country. No. Study Intervention. Comparator/reference Study population. | Outcome measures
centres design Setting standard. No. patients
Setting
Novel devices compared to home RP
Devani et al | UK (London). Prospective, | AcuPebble SA100 Cardiovascular respiratory | People with Diagnostic test accuracy;
(2021)1° Single centre single cohort | automated diagnosis. polygraphy (CR-PG) suspected OSA Accuracy in event classification,
Home-based, (Embletta MPR Sleep referred for including central versus obstructive
(Unattended) System). with manual examination. apnoeas
(Patients were not trained | scoring N=182 enrolled Diagnostic test agreement;
on the use of the device Home-based N=150 analysed Diagnostic test failure rates;
under evaluation) (Unattended) Patient acceptability and usability;
Healthcare resources used and
costs.
Alsaif et al UK (Scottish Prospective, | Sunrise (MMs) with RP (ApnealLink Air People with Time to treatment decision (days);
(2023)"7 highlands and | randomised, | autoscoring). device) with manual suspected OSA Diagnostic test accuracy;
inner-London). | single cohort | Home-based. scoring. undergoing Diagnostic test agreement (AHI;
SOSAT trial | Two centres blinded pilot | (Unattended) Home-based. investigation. treatment decisions);
study. (Unattended) ‘ Diaﬁnostic test failure rates.
Storey etal | UK - Prospective WatchPAT ONE RP (NOX T3) Patients referred by | Mean patient time (including travel
(2022)28 Single Centre | randomised Home-based Home-based Sleep, ENT, time) to receive and return
study (Unattended) (Unattended) Insomnia, Dental or | equipment; Number of appointments
Respiratory not attended by patients for
consultants intervention versus comparator; cost
N=600 enrolled per appointment (equipment, room
(300 randomised to | staff, postage); mean staff time taken
WatchPAT ONE per appointment (excluding analysis)
and 300 to NOX T3
Mueller et Germany. Prospective WatchPAT 300 with RP (Miniscreen plus People with OSA diagnosis rates;
al (2022)?° | Single centre randomised manual scoring (based on | device) with manual suspected OSA OSA severity classification;
study manual editing with scoring. needing home Diagnostic test failure rates;
software) Home-based. sleep testing. Time spent in supine sleep position;
Home-based. (Unattended) N=61 enrolled Number of repeat sleep studies;
(Unattended) N=56 analysed Perceived quality of sleep and test

related discomfort.
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Study ID Country. No. Study Intervention. Comparator/reference Study population. | Outcome measures
centres design Setting standard. No. patients
Setting
Novel devices compared to PSG
Sanchez Spain. Prospective, | AcuPebble SA100 PSG (Philips Sleepware Patients referred for | Diagnostic test accuracy;
Gomez et Single centre single cohort | automated diagnosis. G3 version 2.8.78) with assessment of Diagnostic test failure rates;
al (2024) 20 Sleep laboratory-based. manual scoring. potential OSA OSA severity classification.
Sleep laboratory-based N=80 enrolled
(Attended) N=63 analysed
Martinot et | Belgium. Prospective, | Brizzy (MMs) with manual | Routine PSG People with Diagnostic test accuracy;
al (2017)2 Single centre single cohort | scoring. (SomnoscreenPlus) with suspected OSA Diagnostic test agreement;
Sleep laboratory-based. manual scoring. referred for Diagnostic test failure rates
Sleep laboratory-based. laboratory sleep OSA severity classification.
(Unattended) test (with moderate
to high pre-test
probability)
N=100 enrolled
N=92 analysed
(inc. 13 healthy
volunteers)
Massie et Belgium. Prospective, | NightOwl (reusable PSG (device not stated) Patients who Diagnostic test accuracy;
al (2018)?2 | Single centre single cohort | version) with autoscoring | with a combination of underwent a Diagnostic test agreement;
Sleep laboratory-based. manual and automated diagnostic in- OSA severity classification.
scoring hospital PSG in the
Sleep laboratory-based. sleep laboratory
N=101 enrolled
N= 101 analysed
Massie et USA and Prospective, | NightOwl with Routine PSG (Alice 6 People with Diagnostic test accuracy;?
al (2022)28 | Belgium. single cohort. | autoscoring. PSG (European centres) suspected OSA Diagnostic test agreement;2
Four centres Sleep laboratory based. or Cadwell Easy PSG scheduled for in-lab | Minimum required REM sleep time;
(3inUSA, 1in (Attended) (USA centres)). PSG. OSA diagnosis rates.
Belgium) Sleep-laboratory based N=261 enrolled

(Attended)

Each PSG manually
scored independently by
local centre & by a

N=261 analysed
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Study ID Country. No. Study Intervention. Comparator/reference Study population. | Outcome measures
centres design Setting standard. No. patients
Setting
separate expert centre
(reference standard)
Van Pee et | USA and Prospective, | NightOwl (reusable As per Massie et al (2022) | People with Diagnostic test accuracy;
al (2022)¢ | Belgium. single cohort. | version) with autoscoring | above suspected OSA OSA severity classification;
Four centres Sleep laboratory-based. scheduled for in-lab | Diagnostic test agreement.
(3inUSA, 1in (Attended) PSG. Diagnostic test failure rates
Belgium). N=228 enrolled
N=167 analysed
Lyne et al Australia Prospective, | NightOwl Mini disposable | Reference standard: People with Diagnostic test agreement;
(2023)%5 (Melbourne). single cohort | (NOM) with autoscoring PSG (Compumedics suspected OSA Diagnostic test accuracy;
Single centre NightOwl reusable (NOR) | Grael Profusion scheduled for in-lab | OSA severity classification;
with autoscoring. PSG system) with manual | PSG. Diagnostic test failure rates
Sleep laboratory-based scoring. N= 115 enrolled,
Sleep laboratory-based N= 100 analysed
Pepin etal | Belgium. Prospective, | Sunrise system (MMs) PSG (Somnoscreen Plus | People with Diagnostic test accuracy ®
(2020) 26 Single centre single cohort | with autoscoring. system) with manual suspected OSA Diagnostic test agreement;
Sleep laboratory-based. scoring. scheduled for in-lab | OSA severity classification;
Sleep laboratory-based PSG. Diagnostic test failure rates
N=376 enrolled
N=376 analysed
Kelly et al France and Prospective, | Sunrise system (MMs) PSG (Nox A1 portable People with Diagnostic test agreement;
(2022)77 UK (London) single cohort | with autoscoring. acquisition system) with suspected OSA Diagnostic test accuracy ®:
Home-based. manual scoring. undertaking a OSA severity classification;
(Unattended) Home-based. diagnostic Diagnostic test failure rates
(Unattended) home sleep study.
N=40 enrolled
N=31 analysed
Supporting evidence®
Pillar et al USA, Israel, Prospective, | WatchPAT 200-Unified PSG (“full in-lab PSG”, Selective Diagnostic test agreement;
(2020)31 Germany and | single cohort | with autoscoring “FDA approved in-lab recruitment of heart | Diagnostic test accuracy;
Canada. 11 Sleep laboratory based PSG from multiple failure patients in OSA severity classification;
centres manufacturers” used in order to have a Measures of concordance or
(5inUSA,4in the 11 centres) with substantial agreement
Israel, 1 in manual scoring. representation of
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Study ID Country. No. Study Intervention. Comparator/reference Study population. | Outcome measures
centres design Setting standard. No. patients
Setting
Germany and Sleep laboratory based patients with central
1in Canada sleep apnoea.
N=84
Tauman et | USA, Israel, Prospective, | WatchPAT 200-Unified PSG (“FDA approved in- Patients previously | Diagnostic test agreement;
al (2020)%° | Germany and | single cohort | with automated scoring. lab PSG from multiple diagnosed with Diagnostic test accuracy;
Canada. 11 Sleep-laboratory based. manufacturers” used in atrial fibrillation OSA severity classification;
centres the 11 centres) with (permanent, Test failure rate:

manual scoring.
Sleep-laboratory based

persistent or
paroxysmal) and
suspected to have
sleep apnoea,
N=101

Measures of concordance or
agreement

@ test accuracy and agreement in detecting Rapid Eye Movement (REM)-related OSA (REM OSA a distinct OSA phenotype).
® Post-hoc analysis was performed to optimize the diagnostic cut-offs

¢ see section 4.1 for an explanation of supporting evidence.

MM mandibular movements; PAT peripheral arterial tonometry; PSG polysomnography; RP respiratory polygraphy.
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4.2.2 Participant characteristics (people over 16 years)

Table 60 in Appendix 4 gives the demographic and general health profile of participants
across the studies. A limited range of characteristics were reported by the studies, with a
focus on age, sex, and weight. Other factors, such as race and ethnicity were rarely

mentioned, likewise socio-economic status and health-related lifestyle.

Mean age across the studies varied from 41 to 56 years, most commonly around 48 years.
Likewise, mean age ranges varied, with the youngest age 18 and the highest 84 years.
There were disproportionately more males than females across studies, the biggest
differential being around 70%/30% male/female (Alsaif et al., 2023; Devani et al., 2021;
Mueller et al., 2022). Mean study BMI ranged from 28 to around 37 kg/m?with many studies
reporting a mean of around 30 kg/m?. This indicates a generally overweight/obese patient

population and is to be expected given that excess weight is a key risk factor for OSA.

Details of study participant ethnicity and race were only reported by two studies: Devani et
al. (AcuPebble) and Van Pee et al. 2022 (NightOwl). The ethnicity profile in the Devani et al
study, set in London, was mixed, comprising White British/Other, Asian/Asian British, and
Black/Black British participants (see Table 60 Characteristics of study participants in the
systematic review of clinical effectiveness (people over 16 years). In the Van Pee et al study,
co-located in Belgium and the US, the study sample featured participants defining
themselves as: White; Black; or Hispanic, Latino, or Spanish. Of these groups the largest
representation in the study was White. A third study, Massie et al. 2022 (NightOwl) stated
that “Persons of diverse racial and ethnic backgrounds were included” but did not report the

which ethnic groups were represented and in what proportions.

Four studies reported the presence of comorbidities. In the study by Devani et al. (2022), the
most reported comorbidities were high blood pressure and diabetes, affecting approximately
25% and 11% of patients respectively. The study by Sanchez Gomez (2024) reported a wide
range of comorbidities, the most common of which were hypertension (27%), cardiac
diseases (11%) and neurological diseases (14%).In the two supporting evidence studies by
Pillar et al., 2020 and Tauman et al., 2020, where patients with cardiac disorders were

specifically recruited for study inclusion, 23% and 42% of patients respectively had diabetes.
Some studies excluded people with major health conditions (e.g. musculoskeletal diseases)

from taking part, whilst other studies were less restrictive. Given that patients were recruited

consecutively into studies at the time of their referral they can, to some extent, be regarded
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typical of patients seen in clinical practice. It would be reasonable to assume that they would
therefore have a typical comorbidity profile even though these are not described by the

studies.

Baseline Epworth Sleepiness Scale (ESS) scores were reported in approximately a quarter
of studies. The ESS questionnaire assesses the likelihood of falling asleep while doing
different daily activities and is scored from 0 to 24 (higher scores indicating increased
severity of symptoms). The range in mean ESS scores was 7.7 (normal daytime sleepiness)

to 15.5 (moderate excessive daytime symptoms).

The limited information given on patient characteristics presents a significant challenge for
an assessment of the clinical effectiveness and cost effectiveness of novel devices in the
subgroups included in the NICE scope (e.g. People with COPD / neuromuscular disorders /
People from black, Asian and minority ethnic backgrounds and pregnant women and

pregnant people).

4.3 Characteristics of included studies (children and young people aged 2 to 16

years)

4.3.1 Overview of general study characteristics (children and young people aged 2

to 16 years)

Details of the three studies which met the inclusion criteria in the 2 to 16 years age group are
presented in Table 7. Two studies were conducted by the same team of investigators, based
in Belgium and the USA, and both evaluated the monitoring of mandibular jaw movements
during sleep to diagnose OSAHS. Two novel devices for the monitoring of mandibular
movements during sleep were evaluated: Brizzy with manual scoring (Martinot et al., 2015)%
and Sunrise with automated scoring (Martinot et al., 2022)34 . None of the three studies

reported a sample size calculation.

Martinot et al (2022)* is the larger of the two studies, comprising 140 children aged 3-17
years referred to a hospital sleep laboratory in Belgium with clinically suspected OSA. The
children underwent overnight laboratory-based PSG testing concurrently with analysis of
mandibular movements by the Sunrise device. Outcome measures include agreement
between the two testing approaches, and diagnostic accuracy of Sunrise based on ROC

curve analysis using the Respiratory Disturbance Index (RDI).
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Martinot et al (2015)* is an older investigation with a much smaller sample size of 33
children with suspected OSA scheduled to undergo adenotonsillectomy. The children
received overnight laboratory-based PSG testing concurrently with monitoring of mandibular
movements by the Brizzy device. Outcome measures include median obstructive sleep
apnoea-hypopnoea index (OAHI) values; correlations between mandibular movement rates
and respiratory effort associated with OAHI; total sleep time, number of obstructive and
central apnoea events and other measures relating to mandibular movements and indices of
sleep disordered breathing. The study does not, however, report the diagnostic accuracy of
the novel device, and in general the outcome measures are of limited relevance to the

decision problem in this assessment.

With regard to the decision problem for this diagnostic assessment a key limitation of the two
Martinot et al studies is the novel devices were tested in the sleep laboratory rather than in

the home setting.

The third study, NCT04031950 2019, is an ongoing study of the AcuPebble SA100 device at

two centres in the UK.

Il The company confirmed to NICE in November 2023 that this is an in-hospital based

study and that the reference standard

S

IO utcome measures include diagnostic accuracy and ease of use and
acceptability for parents/carers. It should be noted that AcuPebble SA100 is currently only
indicated for use in adult patients. On completion of the study the company intend to extend
the indication to include the paediatric population (i.e. under 18 years) with the regulation

application expected to complete in 2024.

4.3.2 Participant characteristics (children and young people aged 2 to 16 years

Table 61 in Appendix 4 gives the demographic and general health profile of participants

across the three studies.
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|
I D=mographic data were reported for the
two studies by Martinot (2015 and 2022). As is the case with the over 16 years population
(discussed above), only a limited range of characteristics were reported by these two
studies. Median age ranged from 5 to 6.9 years and median BMI was 15.8 to 16.6 kg/mZ.
The presence of any comorbidities was not stated in two of the studies, but specific
comorbidities were ruled out by study exclusion criteria. For example, Martinot et al (2022)
excluded children with significant, chronic medical conditions, such as genetic syndromes,
diabetes mellitus, craniofacial anomalies, or neurologic disease. Furthermore, Martinot et al
(2015) appear to have excluded children with craniofacial or neuromuscular disorders. In
study

NcTo4031950 I
|
.|
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Table 7 Overview of included studies (children and young people aged 2 to 16 years)

Study ID

Country. No.
centres

Study design

Intervention.
Setting

Comparator.
Setting

Study
population.
No. patients

Outcome measures

Novel devices compared to PSG

NCT040319
50 (2019)32

UK

Two centres
(only one has
results

Prospective cohort

AcuPebble, automated

scoring.
Sleep laboratory-
based.

Inclusion criteria

1-18 yrs referred
to sleep clinic with

suspected OSA.

Diagnostic test accuracy;
Ease of use and
acceptability for patients
and parents/carers

currently)
Martinot et Belgium. Prospective single Brizzy (MMs), manual | Routine PSG with Dream | Aged 2-16 yrs Correlations between MM
al (2015)33 Single centre cohort scoring. Medatec device with with rates and respiratory
Sleep laboratory- manual scoring. adenotonsillar effort associated with
based. Sleep laboratory-based. hypertrophy and OAHI
suspected OSA
N=33 enrolled
N=33 analysed
Martinot et Belgium. Prospective single Sunrise system with Routine PSG using Aged 3-17 yrs Diagnostic test
al (2022)3# Single centre cohort MMs and automated XDream Medatec device | referred to sleep agreement;?

scoring.
Sleep laboratory-
based.

with manual scoring.
Sleep laboratory-based.

laboratory with
suspected OSA

N=155 enrolled
N=140 analysed

@ Post-hoc analysis was performed to optimize the cut-offs
OAH obstructive sleep apnoea-hypopnoea; OAHI obstructive sleep apnoea-hypopnoea index, MM mandibular movements; PSG polysomnography
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4.4 Results of critical appraisal of study methodology
In this section we summarise the results of our critical appraisal of all the studies included in
this systematic review (i.e. for the 2-16 years age group and for the 16 years and older

group). Further detail on our critical appraisal judgements are presented in Appendix 5.

We applied the QUADAS-2 tool™ to each of the included studies to assess the risk of bias
and the applicability of the study to the decision problem. The QUADAS-2 tool appraises the
likelihood of bias arising from: the selection of participants; the conduct and interpretation of
the index test and the reference standard; the flow of participants through a study and the
timing of the index test and reference standard. It also assesses the applicability of the
participants selected and the index test and reference standard to the review’s research
question. Table 8 shows the results of our critical appraisal and Figure 2 presents the results
graphically, for all studies included in this systematic review (i.e. both the ‘people over 16

years’ and children and young people aged 2 to 16 years’ sub-groups).

The majority of studies were judged to be at low risk of bias overall, but in four studies a high
risk of bias judgement was made in one of the four bias domains. Patient selection was
judged to be at high risk of bias in the study by Pillar et al., 2020. The study selectively
recruited heart-failure patients but it is not clear if this resulted in inappropriate exclusions.
The intentional bias towards selecting patients with congestive heart failure may, therefore,
have introduced other unintentional biases.®' A high risk of bias was judged in the conduct or
interpretation of the index test in three studies(Kelly et al., 2022, Martinot et al., 2022 and
Pepin et al., 2020)?527 3% all of which used post-hoc analyses to optimise diagnostic cut-off

points, potentially over-estimating novel device diagnostic accuracy.

Regarding applicability to the decision problem, most studies were judged as low concern for
the patient selection and the reference standard domains. However in many studies it was
unclear whether the conduct, or interpretation of the index test was relevant to the decision
problem. This judgement was made for all studies where the novel testing device was used
in a sleep laboratory (concomitant to PSG testing), rather than its intended setting (i.e. the
patient’s home). Two studies were also rated unclear for this domain although they were
conducted in a home setting. Alsaif et al (2023) did not report on the thresholds used in their
study and Storey et al., 2022 did not report details of the conduct and interpretation of the
index test. For four studies, the judgements were of high concern — in Kelly et al., 2022,
Martinot et al., 2022 and Pepin et al., 2020 all used post-hoc analyses to optimise diagnostic

cut-off points, while in Martinot et al., 2015 diagnostic accuracy results for against PSG or
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any other reference standard were not reported and the study was conducted in a sleep

laboratory rather than the home setting.
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Table 8 Overview of QUADAS-2 assessments for all studies

Study

RISK OF BIAS

APPLICABILITY CONCERNS

PATIENT
SELECTION

INDEX TEST

REFERENCE
STANDARD

FLOW AND
TIMING

PATIENT
SELECTION

INDEX TEST

REFERENCE
STANDARD

AcuPebble SA100

Devani 2021

Sanchez Gomez 2024

=~

NCT04031950 (child)

=~

Brizzy

Martinot 2017

Martinot 2015 (child)

6| 6|06

VO] 0|00
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~|O] 0|00

NightOwl

Massie 2018

Massie 2022

Van Pee 2022
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Sunrise

Pepin 2020
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Alsaif 2023
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Figure 2 Proportion of studies with low, unclear or high risk of bias and proportion of studies with low, unclear or high concerns
regarding applicability (all studies)
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FLOW AND TIMING

REFERENCE STANDARD

INDEX TEST

QUADAS-2 Domain
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Proportion of studies with low, high or unclear Proportion of studies with low, high, or unclear
RISK of BIAS CONCERNS regarding APPLICABILITY
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The following sections, 4.5, 4.6, and 4.7, present a synthesis of study intermediate
outcomes, clinical outcomes, and patient-reported outcomes, respectively, for the over 16
years population. Subsequent sections, 4.8, 4.9 and 4.10 present, respectively, a synthesis

of the outcomes for the children and young people aged 2 to 16 years population.

4.5 Intermediate outcomes (people over 16 years of age)

4.5.1 Diagnostic accuracy (people over 16 years of age)

Table 9 reports diagnostic accuracy estimates for the novel testing devices, as reported in
10 studies. For each study we present summary estimates of sensitivity, specificity, positive
and negative predictive values and overall accuracy. Estimates are given for respective cut-
off values of the diagnostic indices as used by each study (e.g. the AHI). The cut-offs are
expressed as the average number of events occurring per hour of total sleep time. Hence,
an AHI score of 15 means an average of 15 apnoeas or hypopneas recorded per hour. The
PSG cut-offs of 5, 15 and 30 correspond to established severity categories for mild,
moderate and severe OSA, respectively. Some studies used alternative diagnostic indices
such as the ODI and RDI.

Not all studies reported the full set of estimates we required hence, where possible, we
calculated missing estimates constructing diagnostic contingency tables to record the
number of true/false positive/negative tests. The diagnostic metrics were estimated using a
online diagnostic test evaluation calculator (MedCalc®). Where possible we used digitisation
software (Engauge Digitizer) to extract the data-points from scatter plots in study
publications, providing us with the diagnostic index value (e.g. AHI) for each data-point
(participant) estimated by the novel device and the reference standard. The index value for
each participant was then counted against the relevant disease severity category

(mild/moderate/severe), using a 4x4 diagnostic contingency table.

Novel devices referenced to RP

Of the four studies comparing novel devices to RP (Alsaif et al 2023; Devani et al 2021;
Mueller et al, 2022; Storey et al (2022)) only Devani et al reported diagnostic test accuracy
(AcuPebble SA100). They present accuracy values according to the current recommended
American Academy of Sleep Medicine (AASM) AHI-based diagnostic criteria (using a 23%
threshold for oxygen desaturation). A second set of accuracy values are reported using the
same AHI criteria but the threshold for oxygen desaturation increased to 24%. A further two
sets of estimates are provided using the ODI-based criteria, again varying oxygen

desaturation between 23% and =4 respectively. Devani et al’s selection of diagnostic criteria
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was intended to represent the criteria used in clinical practice. As Table 9 shows, the
sensitivity and specificity estimates for the four sets of criteria are all in the 90-100% range,

indicating good diagnostic performance for AcuPebble referenced to home RP.

Also of note, the objective of the Devani et al study was to assess the efficacy of AcuPebble
SA100 for automated diagnosis of moderate-severe OSA, as opposed to mild, moderate,
and severe OSA. Consequently, their accuracy calculations combine AHI cut offs for ‘no
OSA’ and ‘mild OSA' into a single cut-off representing test negativity. For comparability to
other studies we recalculated Devani’s accuracy estimates using the conventional AHI cut
off for test positivity (=5 AHI) and oxygen desaturation 23%. Our estimates are similar to
Devani’s with the exception that the NPV decreases into the 80-90% range (corresponding
to the estimate 15-30 AHI or >30 AHI (desat 23%) in Table 9 for Devani et al).
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Table 9 Accuracy of novel devices in diagnosing OSAHS (people over 16 years of age)

Author,
Novel device

No.
pts

Cut-offs
Novel device,
Reference standard

Sensitivity %
(95% CI)

Specificity %
(95% ClI)

PPV %
(95% Cl)

NPV %
(95% CI)

Accuracy %
(95% ClI)

Novel devices compared to home RP

Devani et al 150 | 15-30 AHI or >30 AHI 93 (82 to 98) 97 (91 to 99) 94 (85 to 98) 96 (90 to 98) 95 (91 to 98)
(2021), (desat 23%)
AcuPebble 15-30 AHI or >30 AHI 96 (86 to 100) | 97 (92 to 99) 94 (84 to 98) 98 (93 to 99) 97 (92 to 99)
SA100 (desat 24%)
15-30 ODI or >30 ODI 91 (82 to 96) 93 (85 to 98) 93 (85 to 97) 91 (82 to 95) 92 (86 to 96)
(desat 23%)
15-30 ODI or >30 ODI 98 (89 to 100) | 92 (85 to 97) 86 (76 to 92) 99 (93 to 100) 94 (89 to 97)
(desat = 4%)
25 AHI (desat 23%)? 92 (84 to 96) 96 (87 to 100) | 98 (92 to 100) | 87 (77 to 93) 93 (88 to 97)

Novel devices compared to PSG

(2022),
NightOwl

PSG AHI =5 (desat 23%)

Sanchez Gomez 63 15-30 AHI or >30 92.86 (76.50 97.14 (85.08 96.30 (78.98 94.44 (81.71 to 95.24 (86.71 to
(2024) (desat = 3%) t0 99.12) t0 99.93) to 99.45) 98.48) 99.01)
20AcuPebble 15-30 ODIl or > 30 92.00 (73.97 92.11 (78.62 to | 88.46 (72.01 94.59 (82.19 to 92.06 (82.44 to
SA100 (desat = 3%) to 99.02 08.34 to 95.81 98.51 97.37
A (denas TP #ﬁﬁi
Martinot et al 92 MM-RDI >5.9 93 (86 to 97) 100 (51 to NR NR 93 (86 to 97)
(2017),° PSG RDI 2 5 100)
Brizzy MM-RDI > 13.5 89 (80 to 94) 100 (83 to NR NR 91 (84 to 95)
PSG-RDI = 15 100.0)
MM-RDI > 32.5 74 (58 to 86) NR NR NR NR
PSG-RDI = 30
Massie et al 101 | NightOwl REI >5 98 (9210 99) |80 (44t097) |98 (93t099) | 80 (50 to 94) 96 (90 to 99)
(2018), MSSS PSG-AHI >5
NightOwl NightOwl REI >15 97 (8810 100) | 83 (6810 93) | 89 (8110 94) | 94 (81 to 99) 91 (84 to 96)
MSSS PSG-AHI >15
NightOwl REI >30 90 (7610 97) | 97 (89to 100) | 95 (8210 99) | 94 (85 to 97) 94 (88 to 98)
MSSS PSG-AHI >30
Van Pee etal 228 | PAT AHI 25 (desat =3%) | 93 (8910 97) | 72 (5410 91) | 96 (9210 99) | 62 (42 to 80) 90 (86 to 95)

PAT AHI 215 (desat 23%)

91 (85 to 96)

76 (65 to 87)

82 (72 to 92)

88 (81 to 94)

86 (80 to 91)
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Author, No. | Cut-offs Sensitivity % | Specificity % | PPV % NPV % Accuracy %
Novel device pts | Novel device, (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Reference standard
PSG AHI 215
(desat 23%)
Lyne et al (2023), | 94 | NOMAHI <5 93 (84 to 98) 77 (55 t0 92) 93 (86 to 97) 77 (55 to 92) 89 (81 to 95)
NightOwl (NOM) PSG AHI <5
NightOwl (NOR) 96 | NORAHI<5 89 (80 to 95) 91 (71 to 99) 97 (90 to 99) 71 (56 to 83) 90 (82 to 96)
PSG AHI <5
Pepin et al 376 | Sunrise-RDI 7.63 91 (89 to 92) 94 (91 t0 97) 99 (99 to 99) 59 (55 to 63) 92 (90 to 94)°
(2020),° PSG-RDI >5
Sunrise Sunrise-RDI 12.65 92 (90 to 94) 84 (81 to 87) 89 (88 to 91) 88 (85 to 91) 88 (86 to 90)°
PSG-RDI 215
Kelly et al 31 MM-ORDI 9.53 88 (69 to 97) 100 (54 to 100 (85 to 89 (NR) 94 (NR)
(2022),° Sunrise PSG-ORDI >5 100) 100)
MM-ORDI 12.65 100 (79 to 75 (45 to 92) 80 (NR) 100 (NR) 88 (NR)
PSG-ORDI >15 100)
MM-ORDI 24.81 79 (NR) 96 (NR) 95 (NR) 82 (NR) 87 (NR)
PSG-ORDI >30
Supporting evidence (novel device compared to PSG)
Pillar et al (2020), | 84 | WP AHI 215, 85 (NR) 70 (NR) 78 (NR) 79 (NR) 0.86 (NR)
WatchPAT 200U PSG AHI 215
Tauman et al 101 | WP AHI =5 96 (90 to 99) 25 (1to 81) NR NR NR
(2020), PSGAHI=5
WatchPAT 200U WP AHI 2 15 88 (79 to 94) 63 (38 to 84) NR NR NR
PSG AHI =2 15

@ accuracy values for this cut-off, indicating test positivity for OSAHS (mild, moderate, severe), were estimated by the EAG based on data in the study publication
b post-hoc optimisation of the diagnostic cut-off points for the novel device against reference standard cut-offs

¢ described as balanced accuracy

AHI Apnoea-hypopnoea index; MM mandibular movements; MSSS Michele Sleep Scoring System; NOM NightOwl Mini (disposable); NOR NightOwl Reusable; NPV Negative predictive
value, NR Not reported; ODI Oxygen Desaturation Index; ORDI Obstructive Respiratory Disturbance Index; PAT Peripheral Arterial Tone; PPV positive predictive value; Pts patients;
PSG Polysomnography, RDI Respiratory disturbance index; WP WatchPAT
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Novel devices referenced to PSG

Table 9 also shows the available diagnostic accuracy data for AcuPebble SA100, Brizzy,
NightOwl, Sunrise and WatchPAT, referenced to sleep-laboratory PSG in all studies with the

exception of Kelly et al 2022 (Sunrise) which referenced to home based PSG.

Of note, one of the NightOwl studies (Lyne et al 2023) evaluated both the reusable model
(NOR NightOwl Reusable) and the disposable model (NOM NightOwl Mini) against PSG. Of
the two models, only the disposable NightOwl is intended for use in the UK, but for
completeness we report estimates for both models. Likewise, the NightOwl model assessed
by Van Pee et al and Massie et al (2018) is the reusable version. (NB. The company
confirmed to NICE that the only difference between the two NightOwl devices is whether the
battery can be re-charged. The sensors and software are identical). Thus, of the four
NightOwl studies, only one appears to include the version to be launched in the UK (i.e.
Lyne et al 2023, NightOwl Mini disposable). The other studies evaluate a device which is

near identical but is not intended for regulatory approved use in the UK.

Diagnostic accuracy estimates are presented for all studies, except:

¢ Massie et al (2022) which reported the accuracy of the novel device (NightOwl) in
determining the REM sleep stage, as opposed to accuracy to detect OSAHS.

e The studies evaluating WatchPAT 300 (Mueller et al 2022) and WatchPAT ONE
(Storey et al 2022) did not report diagnostic accuracy, hence we report accuracy
estimates for the predecessor version, WatchPAT 200U (as explained earlier in
section 4.1). These estimates were taken from the two WatchPAT 200U studies
included in this review as supporting evidence to be considered in situations such as
this (Pillar et al (2020) and Tauman et al (2020)).

Sensitivity and specificity estimates from all but one of the studies in Table 9 (Pillar et al
2020) are used as input parameters for the assessment of diagnostic accuracy in base case

or scenario analyses for our economic model (see section 5.7.3).

As can be seen, the sensitivity and specificity estimates vary across the studies and also
within studies at different severity cut-offs. Sensitivity was generally high, in the range 80 to
100%, and fell below 80% in just two studies (at one cut-off each from (Martinot (2017) and
Kelly et al (2022)). In contrast, specificity was more variable with estimates ranging from

25% to 100%, with more estimates in the 70% to 80% range than was the case for
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sensitivity. In notable cases (e.g. Kelly et al (2022); Tauman et al (2020)) available
confidence intervals for sensitivity and specificity are wide, indicating greater uncertainty in
the estimates. This is due to relatively small sample sizes, particularly the case for Kelly et al
(2022). Caution is required when interpreting the accuracy estimates for Tauman at the AHI
5 cut-off, when digitising the scatterplot to obtain the summary estimates we were able to

extract 100 of the 101 datapoints. These estimates are at increased uncertainty.

AcuPebble SA100 and Sunrise were the only two novel devices in this diagnostic
assessment in which evidence was available comparing the novel device to RP and to PSG.
In the two AcuPebble studies (Devani et al, 2021; Sanchez Gomez et al, 2024) the
diagnostic performance metrics (sensitivity and specificity) were similar, demonstrating
consistency in device performance irrespective of the reference test approach and setting.
For Sunrise, diagnostic performance was not reported by Alsaif et al (2023), thus it is
currently unclear how similar, or otherwise, the respective comparisons to RP and PSG

would be for this outcome.

We suggest caution in making inferences about the relative superiority in diagnostic
performance between the respective novel devices. The devices have not been formally
compared in the same study with the same population and there is no formal statistical

analysis to confirm any differences or equivalence between them.

It is also important to note that at least three of the studies performed post-hoc optimisation
of the diagnostic cut-off points for the novel device against reference standard cut-offs (Kelly
et al 2022; Martinot et al, 2017; Pepin et al, 2020). In this approach, optimal cut-offs on the
ROC curve (defined as maximum sensitivity and specificity values simultaneously) are
assessed and diagnostic performance metrics for this cut-off are estimated. However, this
approach can be open to selective reporting of results from the cutoffs that perform well,

thus over-estimating diagnostic accuracy.

Pepin et al (2020), for example, sought to optimise the clinical performance of the RDI
derived from the Sunrise system analysis in ruling in a diagnosis of OSA at the two reference
thresholds of PSG of at least 5 events/h or at least 15 events/h (leading to the classification
of participants as not having OSA, or having OSA with comorbidities or having OSA
irrespective of comorbidities, respectively). They used ROC curves and defined the trade-off
between true-positive rates and false positive rates at PSG-RDI of at least 5 events/h and at
least 15 events/h. The optimal diagnostic cutoff was adjusted, and the diagnostic PSG-RDI

cutoffs of at least 5 events/h and at least 15 events/h were extrapolated to Sr-RDI cutoffs of
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at least 7.63 events/h and at least 12.65 events/h. Whilst the results of the Pepin et al study
can be at increased risk of bias subsequent studies using the cut-offs established by Pepin
would not be at such risk because the thresholds will be pre-specified. (NB. The Sunrise
manufacturer confirmed to NICE that the device uses pre-specified thresholds established in
Pepin et al., 2020).

Notably, Kelly et al 2022, a more recent evaluation of Sunrise, did not report using pre-
specified thresholds from Pepin et al., 2020. Instead, a post hoc analysis was done to
optimise the cut-off points of MM-ORDI for diagnostic decisions, compared with reference
standard cut-off values of obstructive PSG-ORDI. It is unclear why Pepin’s thresholds were
not used, but it might be because the diagnostic indices are not the same (Pepin used RDI,
Kelly used ORDI).

4.5.2 Agreement/ concordance (people over 16 years of age)

Twelve studies reported measures of agreement between the novel device and reference

standard/comparator test.92123-27 29 17 15 30 31 22

Agreement was assessed using standard statistical approaches such as Bland-Altman plots
and by comparing mean values for the novel device and comparator on the AHI and
estimating the mean difference between them and limits of agreement. In most studies

satisfactory agreement between tests was reported.

4.5.3 Impact on clinical decision-making (people over 16 years of age)

One study,_(Alsaif et al (2023), reported this outcome, for Sunrise (MM).

4.5.4 Time to interpret device outputs (people over 16 years of age)

Only two studies reported estimates of the time it took for sleep study data to be scored and
a diagnosis reached (Alsaif et al (2023); Devani et al (2021). Devani et al (2021) estimated
that manual scoring of respiratory polygraphy signals (the comparator technology) by
experts in order to issue a diagnosis took 60—120 minutes to complete. The EAG assumes
this range of estimates were based on all manual scoring of all patients in the study (the
source of the estimate is unclear in the study publication). The novel device evaluated in this

study, AcuPebble SA100, uses fully automated signal scoring which, we understand, is an
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instantaneous process at the end of the sleep study. Devani et al (2021) estimate that zero
time is required for the analysis of signals to issue a diagnosis. However, the EAG notes that
sleep specialists would still need time to review the results of the automated sleep report, but
no estimate of this appears to have been included in the study publication. We use expert
clinical opinion to inform our assumptions about this parameter in the cost-effectiveness

analysis (section 5.7.6)

Alsaif et al (2023) reported that

4.5.5 Time to diagnosis or starting treatment (people over 16 years of age)

Only one study assessed time to making a treatment decision, the Sunrise OSA Trial
(SOSAT) (Alsaif et al 2023). Patients received novel and standard testing simultaneously
during a single night and were randomised to receive their treatment decision based on
either the novel device (Sunrise, MM monitoring, autoscored) or the comparator (home RP,

manually scored).

4.5.6 Test failure rate (people over 16 years of age)

Eleven of the 14 included studies reported the number of sleep study tests (one night of
testing for one person with one or more devices simultaneously) which failed to produce a
valid diagnostic outcome (this could apply to the novel device and the comparator device)
(Table 62 in Appendix 4). These were described as test failures in most studies, but other
terms were used, such as ‘technically unacceptable’ or ‘inadequate tests’, or simply
‘exclusions’. Broadly speaking these terms have a similar meaning, that is, lack of a valid
diagnostic outcome, but the reasons given for this varied. Some studies reported the criteria
they used to determine the validity of a sleep study, for example recommendations on

minimum sufficient sleep time by device manufacturers. Recommendations from clinical
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guidelines were also used. For example, the AASM" defines home sleep apnoea tests as
technically adequate if at least four hours of analysable signal can be obtained; for PSG all
of the channels should be interpretable by sleep technicians, which in practice means that all

attachments, such as nasal cannula, pulse oximeters, remain in place.

The novel device test failure (or equivalent definition) rates varied across the studies,
ranging from 0% in Devani et al, (2021),"° and Pepin et al (2020), 2¢ to around 18% (Van Pee
et al (2022)."* Most studies reported rates around the 10% level. Table 62 in Appendix 4
summarises the reasons given for failed/inadequate tests. We use the study author’s own
descriptions rather than attempt to classify the failures ourselves, as the descriptions given
in study publications are often open to interpretation. Having said that we observe that
failures tend to be technical or non-technical, with the former including occurrences such as
signal acquisition errors and the latter covering a variety of factors including mistakes made
in administration of the study protocol, or device operator errors, as well as insufficient sleep
time for valid results. These factors are not necessarily independent of each other, but are
often related, for example, an interrupted signal can be caused by the sensor not staying in

position.

Given the relatively low number of available studies it’s difficult to identify meaningful
patterns or trends in test failures between novel test devices and their comparators. The
evidence is mixed, in some studies rates were similar for novel and comparator tests, in

others the novel devices had fewer failures, and in other studies the opposite was found.

Test failure rates are one of the outcome parameters included in the cost effectiveness
analysis in this report (see 5.7.5). As we explain later, the economic model only includes test

failures which potentially incurs a cost to the NHS, e.g. to organise a repeat test.

4.5.7 Use of healthcare resources and costs (people over 16 years of age)

Two studies reported an assessment of reported an assessment of health care resources
and costs (Devani et al (2021); Storey et al (2022)).

Devani et al reported brief data on use of healthcare resources in their evaluation of
AcuPebble SA100, including time taken for cleaning, device preparation and training.
AcuPebble was shown to be more efficient in terms of resource use (Table 63 in Appendix 4

summarises the estimates given).
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Storey et al (2022) compared the WatchPAT ONE to home RP (NOX T3) in terms of four
measures of resource efficiency: number of missed appointments; mean patient travel time
(minutes); cost per appointment, and mean staff time per appointment. Table 64 in
Appendix 4 reports the results, showing that WatchPAT ONE was more efficient than NOX
T3 on three of the four measures. However, the cost per appointment was higher. The
authors speculated that WatchPAT ONE has the potential to improve clinic efficiency, for

example by reducing waiting times.

4.5.8 Number of repeat sleep studies done (people over 16 years of age)

When the results of a test are invalid, eg. due to test failure, it will be necessary to repeat the
test during another night. Whether or not repeat tests were done was rarely mentioned, with

just two studies reporting information.

Devani et al (2021) reported that no repeat tests using the AcuPebble SA100 were
conducted, with patients required to return the device to the hospital the day after the

overnight sleep study.

Mueller et al (2022)'" reported that two study participants repeated the WatchPAT 300 novel
device sleep study due to operating errors (participants forgot to switch on the device). The
comparator, home RP was repeated by 8 participants following test failures arising from
insufficient recording time (n=2), failure to start the device (n=2) and loss of the nasal
pressure sensor or inadequate examination time (n=3); the reason for the repeat test was

not stated for the remaining participant.

4.6 Clinical outcomes (people over 16 years of age)

None of the studies reported clinical outcomes in terms of mortality or morbidity (though see
section 4.7 for patient views on discomfort during sleep studies).

4.7 Patient reported outcomes (people over 16 years of age)

4.7.1 Health-related quality of life (people over 16 years of age)

None of the studies reported assessments of health-related quality of life.
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4.7.2 Ease of use and acceptability for patients and carers (people over 16 years of
age)
Three studies provided patient-reported outcomes related to ease of use and acceptability.
Devani et al., (2021) assessed patient acceptability and usability for the AcuPebble SA100
device on completion of the home-based study via a voluntary questionnaire. One hundred
and twenty-three patients out of the 150 cohort completed the usability questionnaire.
Results are shown in Table 65 in Appendix 4. In summary, the vast majority of patients
found it easy to use the mobile app and follow the app instructions for using AcuPebble
SA100. Furthermore, they found it easy to attach the AcuPebble SA100 sensor, finding it

more comfortable and easier to attach than the sensors of the comparator (RP).

Mueller et al., (2022) reported perceived quality of sleep and test-related discomfort with the
WatchPAT 300 device and with RP used on separate nights (see Table 66 and Table 67). Of
56 patients, 54 provided questionnaire responses regarding testing with WatchPAT and 55
regarding testing with RP (see Table 66 in Appendix 4). Approximately three quarters of
patients reported that falling asleep was not disturbed when using WatchPAT and they slept
well during the night. In contrast, nearly two thirds of patients reported that falling asleep was
disturbed when using RP and they did not sleep well during the night. Nearly four times more
patients lost sensors during testing with RP than with WatchPAT (20% versus 6%), however
nearly three times more patients experienced pain with WatchPAT than with RP (13%
versus 5%). The reasons for pain differed between the devices - with WatchPAT the pain
was finger and finger-probe related, while with RP the pain was due to the nasal cannula
dynamic pressure measurement and to the device itself. Most patients (70%) reported that
during testing they were not woken up by WatchPAT, whereas 50% said they were not
woken by RP. The perceived number of awakenings was statistically significantly lower
during testing with WatchPAT (mean 0.62, range 0 to 6) compared to RP (mean 1.8, range 0
to 10) (p=0.004). After experiencing testing with each type of device, 80% of patients said
they slept better with WatchPAT than with RP. Furthermore, 88% of patients expressed a
preference for WatchPAT over RP if they were to undergo future testing. Patient self-
reported overall sleeping comfort for all 56 patients was also reported and was better with
WatchPAT compared to RP (see Table 67).

Alsaif et al., 2023 found that
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It is unclear whether a fourth study, Sanchez Gomez et al (2024), which compared
AcuPebble SA100 to PSG in a hospital setting, assessed ease of use and acceptability. A
preliminary study report'® stated the aim was “to identify whether there was something
specific to the Spanish population in the user journey of the app (related to the wording since
the previous trial was done with an app in English) that might be difficult to understand for
patients”. However, no usability/acceptability data was included in the study report or the

subsequent journal publication.

4.7.3 Patient and carer experience (people over 16 years of age)

One study (Alsaif et al., 2023), which assessed the home use of Sunrise, reported on

B s study found that

The following sections 4.8, 4.9 and 4.10 provide a summary of the outcomes reported by the

studies of novel devices in the children and young people aged 2 to 16 years population

group.

4.8 Intermediate outcomes (children and young people aged 2 to 16 years)

Below we present outcome data for diagnostic accuracy, agreement between diagnostic
tests and test failure rates. There were no available data for the following intermediate
outcomes from the NICE scope: time taken to interpret device outputs, reach a diagnosis,

and/or start treatment; the number of repeat sleep studies done; use of healthcare

resources.

4

Two of the three studies reported the accuracy of the novel devices in diagnosing OSAHS
(NCT 04031950 (2019); Martinot et al 2022).

.8.1 Diagnostic accuracy (children and young people aged 2 to 16 years)
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Martinot et al (2022) reported the performance of Sunrise (mandibular movements
monitoring) in diagnosing and classifying the severity of OSA compared to laboratory PSG.
A total of 140 children were consecutively referred for clinical suspicion of OSA. The
hypothesis was that Sunrise-derived ORDI (obstructive respiratory disturbance index) would
provide satisfactory clinical accuracy to rule in a diagnosis of OSA, using diagnostic criteria

from the International Classification of Sleep Disorders, Third Edition (ICSD - 3) and AASM

severity thresholds.
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Table 10 Accuracy of novel devices in diagnosing OSAHS (children and young people aged 2 to 16 years)

Author Index test | No. | Cut-offs Sensitivity Specificity PPV % NPV % Accuracy %
pts % (95% Cl) % (95% Cl) (95% CI) (95% CI) (95% CI)
Index Reference
test std
NCT04031 | AcuPebble |l | B B N N I |
950 (2019)2
B B B N I |
Martinot et | Sunrise 140 | Sr-RDI PSG OAHI | 83(78t086) | 53(48to59) | 64(59t068) | 75(70to80) | 68 (6510 71)
al (2022)4 (MMs) 5.75 =1
Sr-RDI PSG OAHI | 90 (87t093) | 80(76to84) | 82(78to86) | 89 (85t092) | 85(82to 88)
9.61 25
Sr-RDI PSG OAHI | 100 (100 to 88 (0.84 to 89 (0.86 to 100 (100 to 94 (92 to 96)
13.07 210 100) 0.91) 0.92) 100)

Sr Sunrise

@ Preliminary results of a study in progress; results are from one of the two study centres.
b All paediatric AASM events (including the post-sigh central apnoea) lasting for at least two breaths

¢ All scored paediatric AASM events excluding post-sigh apnoea and events associated with movement
9 Diagnostic performance estimates in this study are medians

AASM American Academy of Sleep Medicine; AHI Apnoea-hypopnoea index; MM mandibular movements; ORDI Obstructive; Pts patients; RDI Respiratory Disturbance Index;
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In a post-hoc analysis the study optimized the diagnostic performances of Sunrise RDI in
ruling-in a diagnosis of paediatric OSA at three cut-off thresholds of PSG_OAHI = 1
events/h, PSG_OAHI = 5, events/h, or PSG_ OAHI = 10 events/h. (The PSG_OAHI
comprises obstructive and mixed apnoeas/hypopnoeas but excludes respiratory effort
related arousals (RERA).

The area under the ROC curves (AUC) targeting PSG OAHI = 1, PSG OAHI = 5, or PSG
OAHI = 10 reached 0.75 (95%ClI: 0.72-0.78), 0.90 (0.86—0.92), and 0.95 (0.90-0.99),
respectively. Optimized best thresholds for Sunrise RDI were 5.75, 9.60 and 13.07 for the
three PSG OAHI severity thresholds respectively. The corresponding accuracy estimates

were 66%, 85% and 94% respectively.

Table 10 reports the summary diagnostic performance measures expressed as medians and
95% Cls. Sensitivity increased at each severity threshold reaching 100% at PSG OAHI = 10.
Specificity was relatively low at 53% for PSG OAHI = 1 but increased to just below 90% at
the highest severity threshold. Caution is advised in the interpretation of these findings

given the post-hoc optimisation of Sunrise RDI thresholds.

Caution is also advised when comparing the estimates from the two studies in Table 10
particularly because they use different reference standard tests (home RP in one study,
laboratory PSG in the other) and the use of mean performance estimates in one study and

medians in the other.

4.8.2 Agreement/ concordance (children and young people aged 2 to 16 years)

Two of the three studies in this population group reported measures of the agreement

between novel device and reference standard (Martinot et al 2015; Martinot et al 2022)

In the 2015 study, 33 children (median age 5 years old) with suspected OSA were
concurrently enrolled and received laboratory-based PSG testing concurrently with the
monitoring of mandibular movements using the Brizzy device. The aim of the study was to
explore the relationship between the mandibular movements observed during sleep in
children with adenotonsillar hypertrophy and the presence of respiratory effort assessed with
the pulse transit time measurement (a more established indicator of respiratory effort). They
also examined the temporal relationship between mandibular movements and pulse transit
times during OAH and central sleep apnoea. Several patterns of mandibular movement were

compared to concomitant changes in pulse transit time suggestive of OSAS. The publication
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reports a variety of data values and pattern analyses for subtypes of mandibular movement
and associations/correlations with respiratory effort and mixed apnoeas or hypopnoeas from

the obstructive sleep apnoea-hypopnoea index (OAHI).

Most sleep events scored were obstructive apnoea/hypopnoea (as opposed to central
apnoea) with a median (95% CI) of 5.6 (6.4—11.3) events per hour. Overall, 94% of
obstructive apnoea/hypopnoea events were associated with mandibular movements.

The rate of mandibular movements per hour (MML [mandibular movement large] or MMO
[mandibular movement mouth opening] or MMS [mandibular movement sharp and sudden]
correlated significantly with the OAHI (Spearman rho = 0.511; p = 0.003).

The authors concluded that mandibular movements analysis is helpful to detect respiratory
effort during sleep in children with upper airway obstruction, and can be regarded as a
sensitive tool to identify and characterise sleep disordered breathing. Due to the specialised
topic of investigation this study is less relevant to the decision problem than others in this
systematic review, but can be seen as earlier evidence in support a novel mechanism to
diagnose OSAHS (i.e. mandibular movements), which has been evaluated for clinical
diagnostic performance in later studies (albeit most of the studies have been in the adult

population).

The Martinot et al (2022) study reported acceptable agreement between the two methods
(PSG vs. Sunrise) in estimating RDI, as suggested by an intraclass correlation coefficient
(ICC) of 0.79 (95% CI: 0.72 to 0.85; p< .001). A Bland—Altman analysis between Sunrise
RDI and PSG RDI yielded a median difference between the two tests of 1.57 events per

hour with a Cl including the zero value and no systematic bias between the two measures.

4.8.3 Test failure rates

Two of the three studies in this population group reported the number of tests classed as
having failed (Martinot et al (2022); NCT 040319-50 (2019)). Martinot et al (2022) reported
that fifteen of the 155 children (9.6%) enrolled were excluded for reasons of:

¢ Incomplete data (7 children),

o Total sleep time less than 4 hours (3 children),

e Technical failures (5 children)
It is not clear whether these apply to the Sunrise device or the comparator (lab PSG) or both.
However, it is stated that there were three technical failures related to the connected Sunrise

system due to the loss of the wireless connection.
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4.9 Clinical outcomes (children and young people aged 2 to 16 years)

None of the studies reported clinical outcomes in terms of mortality or morbidity.
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4.11 Ongoing studies

The EAG identified three ongoing studies relevant to this review, all of which are evaluating
the Sunrise novel device.’**' These studies are summarised in Table 58 in Appendix 2.

Of the three studies, two include people over 16 and one includes children. One of two
studies in people over 16 is being conducted in Scotland.*® This study plans on recruiting
100 adults with suspected OSAHS to compare Sunrise to an unspecified “detailed sleep
test”. However, details of the planned conduct and setting of the tests, the outcome
measures and the estimated completion date are not reported. The second study is a
considerable larger study in France, with a planned recruitment of 848 patients and
estimated completion date of March 2024.3° In this study, patients are randomised to home
based use of Sunrise or to lab or outpatient PSG. One of the planned outcomes for this
study is the time to diagnosis or starting treatment, which could be informative given the

extremely limited evidence we found in this review (see section 4.5.5)



The ongoing Sunrise study in children is being conducted in the UK and plans on recruiting
100 patients.*' In our review, all three included studies of children,3?% 42 including one study
of Sunrise,* compared the simultaneous use of the novel devices to PSG in a sleep
laboratory.323542 |n contrast, this ongoing study is comparing the diagnostic accuracy of
home use of Sunrise to home cardio-respiratory polygraphy with Transcutaneous Carbon
Dioxide monitoring, with the notable exception that children with significant co-morbidities or

aged <9 years of age will undergo the same tests but in a sleep laboratory setting.
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5 ECONOMIC ANALYSIS

The aim of this chapter is to assess the cost-effectiveness of novel home-testing devices for
diagnosing OSAHS. It comprises:
¢ A systematic review of cost-effectiveness studies (section 5.1)
e A systematic review of health-related quality of life (utility) (section 5.2)
¢ An overview of economic evidence from company submissions to NICE (section 5.3)
¢ A model developed by the EAG to evaluate novel home-testing devices for
diagnosing OSAHS in people aged over 16 years (sections 5.4 to 5.10)
o Adiscussion of the challenges and potential for developing an economic model for

people aged 16 years and under (section 5.11)

5.1 Systematic review of cost-effectiveness evidence

The aim of this systematic review was to identify studies reporting on the cost-effectiveness
of the novel home-testing devices compared to home respiratory polygraphy or pulse
oximetry not using these devices. The results of the systematic review were intended to
inform our modelling of the research question; and to provide alternative analyses,

preferably in the UK context, with which we could cross-validate the findings of our model.

5.1.1 Methods for review of economic studies

The database searches were carried out on 24" May 2023 and updated on 25" September
2023. The full search strategies are shown in Appendix 1b (Table 53). The database
searches were based on the search strategy used for the systematic review of clinical
effectiveness, with the addition of published filters to identify economic evaluations,
estimates of resource use and costs, and health-related quality of life. The relevant
population, interventions and comparators are the same as for the systematic review of test
performance and clinical effectiveness (section 3.1), but the inclusion criteria differed in
terms of the relevant study design and outcomes. We only included full economic
evaluations (cost-effectiveness analysis (CEA), cost-utility analysis (CUA) or cost-benefit
analysis (CBA)) comparing home testing with a named novel device (Acupebble SA100,
Brizzy, NightOwl, Sunrise, WatchPAT 300 or WatchPAT ONE) to home testing with an
oximetry or respiratory polygraphy device (not using one of the six named devices) in people
with suspected OSAHS. Any study meeting our inclusion criteria, whether it was a trial-
based economic evaluation, a decision analytic model or other type of evaluation was
considered. Studies that only reported resource use or cost were excluded, but these studies
were considered separately as possible sources of data for our model. Two reviewers

independently screened all titles and abstracts identified from the literature searches. Both
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reviewers then independently screened the full texts of any studies included at title and
abstract screening, using pre-defined inclusion and exclusion criteria (see Appendix 6 Table

69) . All disagreements were discussed and resolved by the two reviewers.

The EAG planned to extract data related to the study design, methods, parameter sources,
relevant model inputs and results of the included cost-effectiveness studies. The credibility of
the included cost-effectiveness studies and their relevance to current UK practice were
assessed using a pre-defined checklist, shown in Appendix 6 Table 71. This checklist was
based on the International Society for Pharmacoeconomics and Outcomes Research
(ISPOR) #® and Philips and colleagues’ *¢ checklists.

5.1.2 Results of the review of economic studies

We identified 768 references from the literature searches. After title and abstract screening,
23 references were selected for full-text screening (Appendix 6 Figure 10). Of these, none
were found to meet our inclusion criteria. The main reasons for exclusions were that the
intervention was not one of the named novel devices, the comparator was not home
oximetry or home respiratory polygraphy, or it was not a full economic evaluation (see
Appendix 6 Table 70).

5.1.3 Overview of other published economic studies of interest

Although not meeting our inclusion criteria, five studies with the potential to inform our model
structure and parameters were identified from the systematic review. They all related to an
adult population and can be grouped into evaluations of tests for OSAHS (n=3) 4’#° and
evaluations of CPAP treatment for OSAHS (n=2).5°%" The characteristics of these studies
are summarised in Table 11 below, with brief descriptions of each study in Appendix 6 Table
71. A sixth study, conducted for the NICE clinical guideline on the diagnosis and
management of OSAHS and obesity hypoventilation syndrome in people over 16s, was
identified from other sources as being of particular importance (the NG202 economic

model)??

The NG202 economic model is most relevant to our decision problem, and it provided
relevant data and assumptions that we used to inform the EAG model structure and
parameters. The NG202 model compared eight strategies, defined by the diagnostic sleep
study and extent of CPAP treatment for those diagnosed with OSAHS:

1. Home oximetry (and CPAP treatment for all diagnosed)

2. Home respiratory polygraphy (and CPAP treatment for all diagnosed)
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Hospital respiratory polygraphy (and CPAP treatment for all diagnosed)

Home oximetry screening followed by home respiratory polygraphy for those who
were negative for OSAHS after oximetry screening (and CPAP treatment for all
diagnosed)

Home oximetry (and CPAP treatment for moderate and severe only)

Home respiratory polygraphy (and CPAP treatment for moderate and severe only)

Hospital respiratory polygraphy (and CPAP treatment for moderate and severe only)

© N o o

Home oximetry screening followed by home respiratory polygraphy for those who
were negative for OSAHS after oximetry screening (and CPAP treatment for

moderate and severe only)

The only home studies included in the NG202 economic model were oximetry and
respiratory polygraphy, not novel home-based devices. Hence the NG202 economic model

does not meet our inclusion criteria for the systematic review of economic evaluations.

The NG202 economic model takes a linked evidence approach, consisting of a decision tree
covering the diagnostic pathway, and Markov models representing the long-term impacts of
treatment. Within the decision tree, a distinction is made between individuals who truly have
OSAHS (as defined by an AHI score 2 5, or ODI = 5 for oximetry) and those who do not
have OSAHS (AHI score <5, or ODI < 5 for oximetry). The decision tree further differentiates
OSAHS by severity, based on the American Academy of Sleep Medicine Task Force 1999%
thresholds of event frequency: mild (5 2 AHI or ODI < 15), moderate (15 = AHI or ODI < 30)
and severe (AHI or ODI = 30).

Depending on estimates of sensitivity and specificity for the diagnostic strategies evaluated,
individuals are classified as true positives (correctly identified by the diagnostic test as
having OSAHS), true negatives (correctly identified by diagnostic test as not having
OSAHS), false positives (incorrectly identified by the diagnostic test as having OSAHS), and
false negatives (incorrectly identified by the diagnostic test as not having OSAHS). These
classifications are further distinguished by the severity of the true OSAHS condition, as well
as the severity result produced by the diagnostic test. For instance, an individual with mild
OSAHS may be misdiagnosed as having moderate or severe OSAHS; while an individual

with moderate or severe OSAHS may be misdiagnosed as having mild OSAHS.

The decision tree uses sensitivity and specificity estimates at two thresholds (AHI or ODI =5
and 215) to model the accuracy with which oximetry and respiratory polygraphy would

categorise patients with no, mild, moderate and severe OSAHS (see NG202 Economic
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analysis report Figure 1 and Table 4°2). It is assumed that false negatives who truly have
moderate or severe OSAHS will go on to have additional sleep study testing, as they are
likely to continue to be symptomatic. No further testing is assumed for people with mild
OSAHS who are falsely diagnosed as having no OSAHS. The costs of any additional testing

are accounted for in the NG202 model.

The diagnosed severity of OSAHS informs the type of treatment, and subgroups defined by
true underlying severity (or absence) of OSAHS and treatment transition into Markov
models, which estimate long term costs and outcomes. Treatment of OSAHS is assumed to
impact health outcomes and costs through three mechanisms:
¢ Improved HRQoL due to improved symptoms of sleepiness as measured by the ESS
o Reduced risk of longer-term cardiovascular events via a reduction in systolic BP

¢ Reduced risk of road traffic accidents that are associated with untreated OSAHS.

The Markov models consist of 12 health states: OSAHS, five acute cardiovascular event
states (for stable angina, unstable angina, myocardial infarction, transient ischaemic attack
(T1A) and stroke), five post cardiovascular event states, and death (Figure 2 of NG202
economic analysis report °2). Individuals are assumed to have at most one cardiovascular
event over the lifetime time horizon. The risks of a slight, serious or fatal road traffic accident
are modelled as events from any of the alive health states. The cycle length is 12 months,
with a half-cycle correction. The economic model was developed in consultation with the
guideline development committee, and it has a similar form as models used in previous

evaluations, including TA139.54

As the NG202 model is recent and directly relevant to the evaluation of novel home-testing
devices, we took it as the starting point for development of the EAG adult economic model.
Further details on the methods used in the NG202 model are presented in the description of
the EAG adult model below (section 5.5).
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Table 11 Details of economic studies of interest

Study, Decision problem Type of study Time horizon Potentially relevant evidence Limitations on
Country applicability to EAG
model
Phua et al Evaluate differences in costs Retrospective From initial Time to treatment for WatchPAT200 | Earlier version of
2021 49 between WATCHPAT 200 and | review of sleep sleep study to vs PSG WatchPAT, based in
Singapore PSG studies treatment Singapore, different
patient mix between
WatchPAT and PSG
Di Pumpo et | Cost-minimisation analysis of Cost model From initial Limited Lack of detailed reporting
al 2022 47 WatchPAT 200 for hospital appointment to and ltalian setting limits
Italy attendance vs telemedicine diagnosis use of data from this study
Geessinck et | Cost-utility analysis of Markov model 10 years Utilities, transition probabilities Many sources taken from
al 2018 48 screening tool (DiagnOSAS) vs (5 years in Their justification of a 10 year time previous analyses.
Netherlands no use of DiagnOSAS in scenario horizon based on lack of evidence
primary care to aid diagnosis analysis) on CPAP adherence after this time
of OSA in men informed a scenario analysis in the
EAG model
NG202 52 Cost-utility analysis of different | Decision tree Lifetime Model structure and parameter Some parameter
UK diagnostic pathways for OSA and Markov estimates directly relevant to the estimates are from old
and treatment for OSA model EAG model, especially given the data sources
NG202 model was recently
developed for NICE
McMillan Cost-utility analysis of CPAP Economic 12 months Model structure, treatment Potentially superseded by
2015 et al and best supportive care vs evaluation Lifetime effectiveness, utilities, more recent data used in
UK best supportive care only in alongside RCT 12-month treatment adherence NG202 52
adults = 65 years Markov model
Guest et al Cost-utility analysis of CPAP Markov model Lifetime Limited The age of the study, and
2008 %0 vs no treatment for OSAHS its data sources limit its
UK applicability

Abbreviations: CPAP continuous positive airway pressure; EAG external assessment group; PSG polysomnography
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5.2 Systematic review of health-related quality of life studies
The aim of this systematic review was to identify studies reporting on the heath-related
quality of life (HRQoL) associated with OSAHS to inform utility values for use in the EAG

economic model.

5.2.1 Methods for review of health-related quality of life

We undertook searches to identify data on HRQoL for adults or children with suspected or
diagnosed OSAHS. The search strategy is shown in Appendix 1c Table 54. The population,
interventions and comparators are the same as for the systematic review of test
performance and clinical effectiveness, with the addition of a published filter for HRQoL.
Only primary research studies were included. We planned to extract data related to the study

design, country and sample size, HRQoL instruments used, and health states assessed.

5.2.2 Results of the review of health-related quality of life studies

The database searches identified 2,095 potentially relevant references, of which 261 met our
inclusion criteria at title and abstract screening (see Appendix 7 Figure 11). Due to the high
number of studies in adult populations, we prioritised articles for full-text screening that
reported EQ-5D, SF-6D, HUI, QWB and 15D outcomes and/or studies based in the UK. All
studies conducted in children that met our criteria at title and abstract screening were
included in the full-text screening. This resulted in a short-list of 59 references for full-text
screening, of which 44 were excluded from further consideration. The excluded references

and reasons for exclusion are shown in Appendix 7 Table 73.

HRQoL studies in an adult population

From the short-list of 59 EQ-5D, SF-6D, HUI, QWB, 15D and UK-based studies, we
identified 14 studies in an adult population with the potential to provide utility estimates for
the EAG model (Table 12). This evidence is mixed in terms of the severity of OSAHS. Only
one study (Skirko 2020) *° reported utility by severity for newly diagnosed and untreated
individuals. However, the results lack face validity: with estimates for mild and severe OSA
associated with a utility of 0.60, and moderate OSA with a utility of 0.61). This does not
reflect the literature on QoL associated with severity of OSA, which does suggest that
impacts do differ by severity.®® We therefore decided to take the same approach as in
NG202 and use the mapping algorithm developed by McDaid et al 2009 for the NICE
appraisal of CPAP.%* This provides internal consistency between utilities for different health

states, but also consistency with the approach taken in the NICE NG202 guideline®? and
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CPAP appraisal.>* See section 5.7.10 below for an explanation of the McDaid mapping

algorithm.

HRQoL studies in children

Only one study in children met our inclusion criteria, Sakki 2021.5” This was a Finnish study
evaluating the impact on HRQoL and resource use for children undergoing tonsillotomy due
to sleep-disordered breathing. Seventy-five children aged 8-11 years old were asked to
complete the 17D before surgery, and 6 and 12 months after surgery. The 17D is a
preference-based instrument designed to assess utility in children.®® It was developed from
the 15D instrument for adults and includes 17 health attributes (dimensions), with values
provided by parents of 8-11 year olds (in Finland). In the Sakki 2021 study, parents were
asked to help their children complete the questionnaire, and to provide data on resource
use. Of the 75 children in the study, only 37 returned completed 17D questionnaires at 6 and
12 months. There were statistically significant differences in utility derived from the 17D
questionnaire between baseline and 6 months after surgery: 0.933 (95%CI 0.931, 0.953) to
0.956 (95%CI1 0.942, 0.97). It is also reported that at 12 months, the higher utilities remained.
Sakki (2021) °" compared these results with those from an earlier study on children who had
received tonsillectomy due to sleep-disordered breathing. They found that there was no
statistically significant difference between utilities at any time point between those who had

tonsillotomy and the historical group who had tonsillectomy.

The EAG note that utility data from only 49% (37/75) of participants are reported in the
article, with no information on those participants who do not have utility data at all three time-
points. The study considers a sub-group of the children within the scope of this assessment,
those eligible for tonsillotomy due to sleep-disordered breathing, and the severity of sleep-

disordered breathing in the study population is not reported.
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Table 12 Studies with the potential to provide utility estimates for the EAG model

Author, Country Study Study objective Population Sample HRQoL Health states Limitations/
year design size instrument Conclusions
Adult population
Kataoka, | Japan Cross- Compare QoL in Mixed population 1195 EQ-5D Diagnosed with | One-off snapshot
2017 %° sectional people with OSA treated with CPAP | (1030 OSA of a mixed
depending on from 1 hospital males; population (in
presence of 165 terms of severity
locomotive syndrome females) and treatment
or no received)
Lugo, Spain RCT In-person vs virtual Suspected OSA 186 for EQ-5D Pre-diagnosis vs | FU included
2019 60 management of and/or refractory ITT; 154 1 year later by groups of treated
patients with OSA hypertension per hospital or and untreated pts.
protocol virtual EQ-5D not
testing/treatment | reported by
severity
Walia, us Retrospective | Pre- vs post PAP Outpatients of 2,027 EQ-5D pre-CPAP utility | Diagnosis of OSA
2017 81 sleep clinic; post-CPAP based on self-
diagnosis of SDB utility report use of
assumed if patient PAP; not reported
stated use of PAP by severity
Cambron- | UK, France, | Retrospective | Mapping of ESS to Self-reported OSA | OSA EQ-5D-5L | Self-report of One-off snapshot
Mellott, Germany, Cross- EQ-5D at one time- diagnosis, or without OSA diagnosis of a mixed
2022 62 Spain, ltaly | sectional point experience of OSA | narcolepsy (or experienced | population, also
within last 12 2,277 OSA within 12 OSA status self-
months months) defined
Sanchez- | Spain RCT CPAP compliance Recently 210 EQ-5D Pre/post CPAP EQ-5D not
de-la- after 6 months for diagnosed and treatment by reported by
Torre, sleep unit vs primary requiring CPAP primary care & severity
201583 care management of | treatment sleep unit
treatment managed
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Author, Country Study Study objective Population Sample HRQoL Health states Limitations/
year design size instrument Conclusions
Huber, Switzerland | RCT Compare Patients with 208 EQ-5D Baseline and Not reported by
2021 64 performance of health | OSAS (value set mean change AHI severity cut-
utility measures in not after 3, 12 &24 offs
OSA pts receiving reported); months
CPAP (auto adjusting SF-6D (UK
or fixed) value set)
McMillan, | UK RCT CPAP +BSC vs Newly diagnosed, 278 EQ-5D and | Pre/1yr post Older population;
2015 51 CPAP older pts SF-6D CPAP or BSC results not
treatment reported by
severity
Wimms, UK RCT CPAP +BSC vs Newly diagnosed 233 EQ-5D and | Before/after 3 Only mild severity
2020 %5 CPAP mild OSA SF-36 months CPAP or
BSC for mild
OSA
Sharples, | UK RCT MAD vs BSC Mild-moderate 74 EQ-5D and | Before/after Results not
2014 66 OSA SF-6D treatment presented by
severity
Skirko, us RCT and Develop and validate | Newly diagnosed 500 SF-6D Mild, moderate Mild OSA 0.60
2020 % observational | a utility scoring and untreated and severe (0.09), moderate
studies algorithm for a sleep OSA 0.61 (0.08)
apnoea—specific severe OSA 0.60
quality-of-life (0.08)
instrument
Rizzi Brazil Pre-post AHI > 20; Naive to | 95 SF-6D Before and 1 More severe
2014 67 CPAP use CPAP year after CPAP | disease
use
Ylitalo- Finland Prospective Review HQRoL in Adults requiring 337 15D Diagnosed with | Single utility
Heikkila survey people with rhinologic | rhinologic services OSA
2018 88 disease at a single hospital
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Author, Country Study Study objective Population Sample HRQoL Health states Limitations/
year design size instrument Conclusions
Kuik et al | Netherlands | Prospective Assess subjective Patients with 30 EQ-5D-3L Pre- and post- Patients
2023 69 cohort outcomes for patients | severe OSAHS or surgery undergoing
having treatment- maxillomandibular
maxillomandibular refractory surgery.
advancement surgery | undergoing
maxillomandibular
advancement
surgery
Pinczel et | Australia Case series Long-term outcomes Moderate-severe 36 EQ-5D-3L | Pre- and post- Population
al 2023 70 from a RCT associated with OSAHS who have surgery already failed
surgery for OSAHS failed CPAP CPAP
Population of children
Sakki, Finland Prospective Impact on HRQoL 5-11 year old 75 17D Before/after N=37
2021 57 before/after and resource use for | children (value set tonsillotomy Mean utility
tonsillotomy tonsillotomy vs undergoing parents of improved
study, with tonsillectomy tonsillectomy for 8-11 year from 0.933
comparison sleep-disordered olds in (95%CI 0.931,
with historical breathing. Finland) 0.953) to 0.956

tonsillectomy
group

Mean 6.7 years
old; 45% female

(95%CI 0.942,

0.97) at 6 months;

Higher utility
remained at 12
months

Abbreviations: 15D 15-Dimension; 17D 17-Dimension; AHI Apnoea Hypopnoea Index; BSC best supportive care; CPAP continuous positive airway

pressure; EQ-5D EuroQol-5 dimensions; ESS Epworth Sleepiness Scale; HRQoL health-related quality of life; MAD mandibular advancement device; PAP

positive airway pressure; QoL quality of life; RCT randomised controlled trials; SDB sleep-disordered breathing; SF-6D short-form 6-dimensions;
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5.3 Overview of economic evidence in the company submissions

One company (ResMed) submitted economic evidence for the NightOwl device. The
company submitted a decision tree model in Excel comparing NightOwl with home
respiratory polygraphy. The decision tree model is similar to that used in NG202 in that it
separates the cohort by severity of OSA. However, while the NG202 model combines
moderate and severe OSA, the NightOwl decision tree keeps mild, moderate and severe
OSA separate, by applying severity-specific sensitivities and specificities. As in the NG202
model, the NightOwl decision tree assumes that individuals with moderate or severe OSA
who are misdiagnosed with no OSA would have a second test. The second test is assumed
to be of the same type as the first test, with a result that is independent of the first test. The
diagnostic performance of NightOwl is informed by diagnostic accuracy data reported by van
Pee et al 2023 ?* (see Table 13). Epidemiological estimates and performance of home
respiratory polygraphy are taken from the NG202 economic report. The company use a cost
of £90 (excluding VAT) per test for the NightOwl device and an additional personnel cost of
£23.13 (described as 15 minutes of nurse time and 7.5 minutes of consultant time). The
home respiratory polygraphy sleep study is assumed to cost £266 based on outpatient costs
from the NHS National Schedule of Reference Costs (HRG DZ502).

Table 13 Diagnostic performance of home respiratory polygraphy and the NightOwl device

Parameter Home respiratory polygraphy NightOwl
Sensitivity 0.95 0.93

AHI'S Specificity 0.58 0.72
Sensitivity 0.84 0.91

AHITS Specificity 0.89 0.76
Sensitivity 0.84 0.91

AHI 30 Specificity 0.89 0.76

References NICE guideline ’;‘GZOZ: Economic van Pee et al 2023 24

analysis report 5
Source: Model submitted by ResMed for the NightOwl device
Abbreviation: AHI Apnoea Hyponoea index

Results of the model (Table 14) suggest that NightOwl is cheaper than home respiratory
polygraphy, with an estimated saving to the NHS of £171 per person. NightOwl is also
estimated to have better diagnostic performance than home respiratory polygraphy, with
lower false positive and false negative rates. Variation in the cost of home respiratory
polygraphy has the largest impact in the company’s sensitivity analyses (one-way

deterministic with parameters decreased/increased by 20%).

The manufacturer also estimated the carbon footprint associated with each device based on

estimates of greenhouse glass emissions for outpatient appointments, patient collection of
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equipment in-person and postage. They assumed that patients collect the home respiratory

polygraphy equipment in person from the hospital but receive the NightOwl device through

the post, and that patients would return the disposable device for recycling through the post.

One-way sensitivity analysis was conducted with parameters decreased/increased by 20%.

Table 14 Results from the decision tree model submitted by ResMed for NightOwl

Outcome NightOwl Home respiratory Incremental
polygraphy

Total cost per diagnosis £118.80 £289.43 -£170.63

Total COze emissions, kg 0.440 86.13 -85.69

True positive 0.797 0.792 0.005

False positive 0.050 0.076 -0.026

True negative 0.023 0.028 -0.005

False negative 0.130 0.104 0.026

Source: Model submitted by ResMed for the NightOwl device

Abbreviation: CO2e carbon dioxide equivalent

The NightOwl economic model has several important limitations:

Omission of failure rates for both arms, and the impacts of this on costs. Although it
is accepted that a repeat within 10 nights would not lead to any additional costs for
the test, as the NightOwl device has a 10 night battery length, there would be
additional resource use implications.

Sensitivity and specificity evidence are from the study by Van Pee which evaluated
the reusable version of NightOwl, not the disposable version which the company
have indicated will be commercialised in the UK. The EAG note that these estimates
are likely to be more favourable to NightOwl than those we believe should be used:
NightOwl disposable from the Lyne 2023 study .

A higher cost for home respiratory polygraphy is used than that assumed in the EAG
model (£266 rather than £212), see section 5.7.13 below.

No explanation is given for the 15 minutes of nurse time and 7.5 minutes of
consultant time. We assume that this is meant to cover time for the download of data,
and the review and preparation of the diagnostic report at the hospital. It is also
unclear how the cost of £23.13 for staff time was derived.

No costs were included for posting the device to the patient’'s home.

No consideration of treatment costs or longer-term impacts.

No consideration of health outcomes beyond the diagnostic accuracy.

Does not meet NICE reference case for economic analysis.
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5.4 Decision problem for economic modelling

5.4.1 Population and subgroups

The NICE scope specifies the population of interest as people suspected to have OSAHS
who are considered suitable for a home sleep study, including adults (over 16 years old) and
children (2-16 years). As stated in section 2.1 above, the EAG reviews of clinical and
diagnostic evidence were analysed separately for the adult and child populations, as not all
included devices are indicated for use in children or young people. We followed a similar
approach for the economic assessment, considering the adult and child populations

separately.

Adult population (over 16 years of age)

The EAG developed a model to estimate costs and health outcomes for adults referred to
specialist sleep services with symptoms suggesting the presence of OSAHS, and who are
considered suitable for a home sleep study (see sections 5.5 to 5.10 below). We aimed to
reflect characteristics of this population in routine NHS practice, including age, gender, and
risk factors for cardiovascular events. The characteristics of our base case cohort are largely
the same as in the economic model developed for NICE guideline NG202,%? see section
5.7.1 below. We report scenario analyses with higher or lower baseline cardiovascular risk
than in the base case. Due to a lack of data, we have not been able to assess cost-
effectiveness separately for any of the adult subgroups highlighted in the protocol (see
section 4.2.2 above). This includes the subgroup of people from black, Asian and minority
ethnic backgrounds requested in the NICE scope, for whom there is a potential equality

issue related to the use of light-based assessment methods.

Children and young people (2-16 years of age)
Whereas the approach to modelling the cost-effectiveness of home-based devices for
diagnosing OSAHS in adults is clear (largely based on the existing cost-effectiveness model

for the NICE guideline for adults, NG202)%2 the situation in children is more challenging.

A model for children would need to be structurally different to that for adults, due to
differences in diagnostic and treatment pathways for children and adults. As discussed in the
BTS guideline for diagnosing paediatric sleep-disordered breathing,® the population of
children at risk of OSAHS is heterogeneous, with different diagnostic pathways for children
without comorbidities (for whom adenotonsillectomy is the most common treatment) and

subgroups of children with a wide range of other conditions (for whom appropriate
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interventions vary according to clinical context and symptoms). There is also uncertainty
over the long-term impacts of OSAHS in children, the extent to which observed associations
with adverse developmental and health outcomes are related to comorbid conditions, and
whether the long-term impacts are reversible with treatment for OSAHS.® As with adults,
there is also a potential equality issue for children from black, Asian and minority ethnic
backgrounds related to use of light-based assessment methods. Evidence to estimate key
parameters for a children’s model is currently sparse, including evidence on the diagnostic
accuracy of the novel home-testing devices (section 4.3) and the impact of OSAHS on utility
(section 5.2.2).

See section 5.11 below for a more detailed discussion of the current challenges to modelling
the use of novel home-devices to diagnose OSAHS in children. The EAG does not consider
that a decision model is likely to resolve uncertainty over the cost-effectiveness of home-
based assessment with novel devices in children at this time. However, there is research in
progress, notably the ongoing UK trial of AcuPebble in a paediatric population
(NCT04031950 2019) 3" " 72 that is expected to improve the evidence base for children and
could potentially support development of an economic model (see section 4.3). We propose
a model structure and parameter sources for the cohort of children with symptoms of OSA
who are under consideration for adenotonsillectomy. We also discuss the potential for

modelling and data sources for children with comorbidities.

5.4.2 Intervention and comparators

Six novel home-testing devices for diagnosing OSAHS are named in the NICE scope:
AcuPebble SA100, Brizzy, NightOwl, Sunrise, WatchPAT 300, WatchPAT ONE.

The EAG model for the adult population is designed to evaluate all six devices in comparison
with home respiratory polygraphy (that does not include any of the named novel devices).
We have also included home pulse oximetry as a comparator, should home respiratory

polygraphy be limited.

5.4.3 Framework for economic analysis

The economic analysis follows the NICE reference case, as specified in the NICE process
and methods manual 2022.7
o The model uses a ‘lifetime’ time horizon to reflect the consequences of misdiagnosis
and sub-optimal treatment for OSAHS
¢ Health outcomes are estimated as QALY's, with utilities estimated from EQ-5D-3L

data with NICE-recommended UK general population values. For some utility
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parameters, a mapping algorithm has been used to estimate EQ-5D-3L utility from
Epworth Sleepiness Scale (ESS), based on an analysis of individual patient data
from a trial of CPAP (as in McDaid et al 2009 ** and NG202 economic model °2)

e Costs are estimated from an NHS and personal social services (PSS) perspective.
Unit costs are taken from standard national and NHS sources.

e Standard rates of discounting for time preference over costs and QALY's are applied,

as recommended by NICE (currently 3.5% per year for costs and QALYSs).

5.5 EAG approach to economic evaluation for the adult population

5.5.1 Overview

The EAG developed a health economic model to assess the cost-effectiveness of novel
home-testing devices in diagnosing and assessing the severity of OSAHS for adults. This
model was adapted from the existing economic model used to inform NICE guidelines on the
diagnosis and management of OSA in people >16 years of age %2, as summarised in section
5.1.3 above.

We made a number of adaptations to the NG202 model to capture differences between the
novel devices and conventional home sleep study diagnostics, as well as differences
between the six novel devices. We have also sought to update relevant parameters from the
NG202 economic model where possible, including health-related utility values for
cardiovascular events, treatment costs, risks for road traffic accidents, and general mortality.

Further details are provided below.

5.5.2 The diagnostic pathway: the decision tree

The decision tree is described in detail in section 5.6.1 below. It is designed to capture the
short-term impacts of the diagnostic pathway by dividing the modelled cohort into 12
subgroups depending on their true OSAHS severity (no OSAHS, mild OSAHS, moderate
OSAHS, severe OSAHS) and the diagnosis obtained from the modelled sleep study (no
OSAHS, mild OSAHS, moderate to severe OSAHS). Moderate and severe OSAHS are
combined to simplify the model, so that available published evidence on diagnostic accuracy

can be used (see section 5.6.1 for further details).

The structure of the EAG decision tree is based on that used in the NG202 economic model
and reflects the accuracy of the different types of sleep studies. We adapted the NG202
decision tree to account for potential differences between the novel and comparator home

sleep studies in failure rates and times to treatment. An impact on time to treatment may
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arise from the assumption that individuals with moderate to severe OSA who are diagnosed
as having no OSA, would have a second sleep study due to on-going symptoms. To address
the potential impact of treatment delay, our decision tree has a time horizon of 12 months,
with an assumption that all people who are offered treatment would start treatment within
this period. As some treatments are associated with utility improvements, diagnostic
strategies resulting in longer delays would accrue fewer QALYs in the first year. The
treatments used in the model are conservative management (e.g. lifestyle advice),
mandibular advancement devices (MAD) and continuous positive airway pressure (CPAP).
The costs and QALYs associated with the diagnostic sleep studies and any delays in

treatment are captured.

Inputs to the decision tree are:

- The prevalence of OSAHS in our cohort of adults with suspected OSAHS, stratified
by level of severity (see section 5.7.2). In the base case analysis, prevalence
estimates are based on those used in the NG202 model, which are similar to the mid-
range of estimates in our included diagnostic accuracy studies.

- The sensitivity and specificity of home-based sleep studies with the six named novel
devices (section 5.7.3) and two comparators (section 5.7.4). Sensitivity and
specificity estimates are required at two diagnostic cut-offs to divide the cohort by
OSAHS severity: any OSAHS (AHI = 5), and moderate to severe OSAHS (AHI = 15).

- Failure rates and times to diagnosis and treatment associated with the home-based
sleep studies using novel devices and comparators (sections 5.7.5 and 5.7.6).

- Treatment options depending on the diagnosed severity of OSAHS (section 5.7.11).

- Utilities associated with having OSAHS and with treatment for OSAHS. The impact of
treatment on utility is determined by the appropriateness of the treatment, given the
true severity of OSAHS (section 5.7.10).

- Costs associated with the novel device and comparator home-based sleep studies,
including costs of the first study and any additional studies required (sections 5.7.12
and 5.7.13). In addition to the cost of the devices and any consumables, estimates
are required for NHS staff costs to prepare the devices, train patients in their use,
review the data, and to get the device to (and from) the patient’s home

- Costs of different treatments (see section 5.7.15).
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5.5.3 Long-term consequences: the Markov model

The structure of the EAG Markov model follows that in the NG202 economic model, which in
turn is essentially the same as that used in TA139 for the evaluation of CPAP for the
treatment of OSAHS %

It is driven by the impacts of treatment (or a lack of treatment) on the utility associated with
OSAHS symptoms, and the risk of cardiovascular events and RTAs for people with OSAHS.
For individuals with no OSAHS, the Markov model effectively has two states: alive and dead.
For those with OSAHS, the Markov model has 12 states: alive, dead, five acute
cardiovascular event states and five post-cardiovascular event states. The cardiovascular
events modelled are stroke, myocardial infarction (M), transient ischaemic attack (TIA),
unstable angina and stable angina. A simplifying assumption is that individuals only
experience one type of cardiovascular event. From any of the alive states, individuals are
also at risk of a slight, serious or fatal road traffic accident (RTA). The model uses a 12

month cycle, and a lifetime horizon.

Parameters for the Markov model include:

o The risk of cardiovascular events, and probability of the five specific events (stroke,
MI, TIA, unstable angina, stable angina), section 5.7.7.

o The risk of a slight, serious or fatal RTA (section 5.7.8).

e The impact of treatment on i) utility, ii) the risks of cardiovascular events and iii) the
risk of RTAs. The impact of treatment depends on the treatment received and the
true severity of OSAHS (section 5.7.11).

e The risk of death from a cardiovascular event, and the risk of death in the years
following a cardiovascular event (section 5.7.9).

e Loss of utility associated with mild, moderate or severe OSAHS (section 5.7.10).

o Utility impacts of treatment, which is dependent on the type of treatment and the
severity of OSAHS (section 5.7.11)

o Costs associated with treatment, cardiovascular events and RTAs (sections 5.7.15,
5.7.16 and 5.7.17).

For the NG202 model, many of the parameter estimates the same as in the TA139 economic

model. >* We therefore sought to update many of these parameters. Further details on the

Markov model are in section 5.6.2.
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5.6 Model structure

The model comprises a decision tree which divides the cohort into 12 subgroups depending
on the true severity of OSAHS and the diagnosed severity as determined by the device used
in the home-based sleep study, and a Markov model. The two components are linked by
decisions on the management of individuals in the 12 different subgroups. See section 5.7
below for the full set of model input parameters and section 5.8 for a list of model

assumptions.

5.6.1 Decision tree

The NG202 model did not assume a time frame for the decision