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Study Objectives: The gold standard for diagnosis of pediatric obstructive sleep apnea (OSA) is level 1 polysomnography (PSG). At our centre, some children
are selected for unattended level 2 home sleep apnea testing (HSAT) with telehealth support, and we sought to review this home service.
Methods: A retrospective audit was conducted from 2013 to 2020. All level 2 HSAT reports in children aged 5–18 years referred for suspected OSA were
analyzed. American Academy of Sleep Medicine–compliant portable PSG acquisition equipment with electroencephalogram was used. The primary outcome was
the proportion of technically successful tests achieved, and of these, the percentage with potential underestimation of diagnostic category. Secondary outcomes
included sleep quality and parental acceptance by nonvalidated service-specific questionnaire. Data were analyzed using descriptive and inferential statistics.
x2 tests were used for categorical variables.
Results: There were 233 (139 male, 59.6%) patients studied between 2013 and 2020 (7 years). The mean age was 10.8 (standard deviation 3.6) years.
Sixty-seven patients (28.8%) had comorbidities. Technically successful studies were obtained in almost 90% (209/233) and failed studies occurred in just over
10% (24/233). One failed study still achieved a diagnosis. There was no significant difference between failed studies set up by hospital-in-the-home nurses
compared with sleep scientists (P = .2). Overall, an accurate diagnosis was made in 80% (167/209) of patients, with potential for underestimation in 20% (42/209).
Six hours or more of sleep was obtained in 89.5%. Parental questionnaires revealed 89.3% perceived high-level care, 91% perceived increased convenience, and
76% perceived good/excellent telehealth support.
Conclusions: Telehealth-supported pediatric HSATachieves technical success in almost 90% of patients investigated for OSA, with 89.5% achieving ≥ 6 hours
sleep duration and excellent family acceptability.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Home sleep apnea testing (HSAT) in children lacks a substantial evidence base despite the significant advantages
to children and families. As physicians around the world convert medical services to telehealth in the home to keep children safe during the COVID-19
pandemic, HSAT should be re-considered.
Study Impact: This study demonstrates feasibility, safety, and accuracy of level 2 HSAT with telehealth support in normal and complex children who
present with obstructive sleep apnea. Children were demonstrated to sleep very well in their own bed, and family acceptance of the procedure was
excellent.

INTRODUCTION

Snoring affects 10–20% of children, although only 1–5% of all
children have obstructive sleep apnea (OSA).1 The gold stan-
dard for diagnosis of pediatric OSA is in-laboratory attended
polysomnography (PSG),2 also known as “level 1” PSG.3 This
is a multichannel test complete with video, audio, and atten-
dance by a trained sleep scientist. However, level 1 PSG is time
and labor intensive, expensive, not always available, and incon-
venient to parents.4 In adults, unattended home PSG (home
sleep apnea testing [HSAT]) is the most frequently used diag-
nostic test for OSA and has excellent reliability in those without
comorbidities and with high pretest probability of OSA.5 Pedi-
atric HSAT, subgroup “level 2” (with electroencephalogram
[EEG]) is feasible in school-aged children6,7; however, it has
been technically limited due to the potential for children to pull

off electrodes and sensors. This displacement is either not rec-
ognized or not adequately replaced, leading to insufficient
information, and reduced diagnostic capacity. Safety issues
have also been raised relating to the potential for entanglement
in the wires. Pediatric HSAT is currently not recommended by
the American Academy of Sleep Medicine (AASM) due to
insufficient evidence.8 However, pediatric HSAT is advanta-
geous for children and families for many reasons, even more so
in the coronavirus disease 2019 (COVID-19) pandemic due to
increased risk of viral acquisition in the hospital setting. Chil-
dren sleep better in the comfort and familiarity of their own
bedrooms, better sleep consolidation leads to the potential for
improved diagnostic yield, and parents with other children and
busy lives enjoy the convenience of not needing to attend a
sleep laboratory. Regional and remote patients may also be
disadvantaged when it comes to attending in-laboratory PSG.
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Last, in Australia, type 2 pediatric HSAT costs only 50% of
type 1 polysomnography.9

The Royal Children’s Hospital has well-developed telehealth
services for patient consultations using specific user-friendly soft-
ware (https://about.healthdirect.gov.au/video-call). Telehealth had
been used daily for consultations with regional and remote patients
by all hospital departments well prior to the COVID-19 pandemic,
originally commencing in 2013. Many medical subspecialties are
now incorporating telehealth into their diagnostic capacities
(eg, telehealth spirometry10). This is the first report of using tele-
health for pediatric HSAT to improve diagnostic capacity by tech-
nical accuracy.

METHODS

The service
This is a retrospective audit of our clinical pediatric HSAT ser-
vice between December 2013 and December 2020. Acceptabil-
ity criteria for selection into the program were children aged
5–18 years with a history suggestive of OSA recruited from out-
patients at our hospital. Exclusion criteria were severe autism,
attention-deficit/hyperactivity disorder, psychiatric disorder, or
medical comorbidity interfering with sleep or cooperation.

The family were contacted 1 week prior to the study for a
Telehealth software pretest. This was essentially to ensure tech-
nical accuracy for the Telehealth component of the study and
confirm the details of the test.

The patients referred for pediatric HSAT were either set up
at the Royal Children’s Hospital by a trained sleep nurse, then
admitted to hospital-in-the-home (HITH), or they were set up in
their home by sleep-trained HITH nurses following admission
to this service. Our HITH service allows patients to have medi-
cal management at home by sending out trained nurses or allied
health staff in fleet cars within a distinct geographical region
(60-km radius) of the hospital.

Patients had the following channels recorded during the study
using the AASM-compliant Compumedics Somt�e PSG acquisi-
tion device (version 2; Compumedics Limited, Australia): elec-
trocardiogram, electro-oculogram, electromyogram (chin, right
and left leg), EEG (O1, O2, C3, C4, M1, M2, F3, F4, Reference),
thermistor, nasal pressure, oximetry, abdominal and thoracic
effort (respiratory inductance plethysmography bands), and body
position. There was no surrogate measurement of carbon dioxide
(CO2) available. Of note, this device is the most extensively used
in Australia for HSAT and, given the EEG leads, is far superior
to level 3 devices (cardiorespiratory monitors), significantly
reducing the chance that OSA could be missed.

A telehealth consultation with the sleep nurse was scheduled
just prior to usual bedtime in the patient’s home. The parent
was guided through a checklist of all technical aspects of the
portable PSG equipment, including signal assessments, and
then assisted to reattach any loosened sensors or electrodes.
Parents were encouraged to sleep in the same room as the child
and any safety-related issues were documented. The parents
were asked to check the electrodes and sensors overnight, and
to use a provided checklist to ensure optimal signal quality if
the child woke overnight. Telehealth assistance via the hospital

sleep laboratory night-duty scientist was available if needed
overnight, and a direct phone number was provided. HITH
nurses visited families the next morning to remove electrodes
and return the portable sleep equipment to the hospital for the
data card to be downloaded, analyzed, and reported. Staging
and scoring were completed by trained sleep scientists and
reporting performed by sleep physicians using the standard cri-
teria defined by the AASM.11

The questionnaire
Patients completed a nonvalidated service-specific question-
naire designed to evaluate their experience of the service. The
questionnaire has 10 questions with a rating score of 1–5, with
1 being excellent and 5 being poor.

Technical assessment
Technical accuracy of each study was assessed by the authors
(AG and A-MA) in relation to adequacy of individual signals. If
signal loss was present, it was classified as follows:

� Minor—intermittent loss of 1 or more signals for less
than 20% of total sleep time (TST), not dissimilar to that
seen during level 1 (in-lab) PSG

� Intermediate—prolonged periods of loss of airflow,
oximetry, or EEG signals, but still enabling at least 4
hours of data interpretation and signals acceptable for at
least 75% of TST6

� Major—where study failed to record or signal loss was
greater than 25% of TST or less than 4 hours of interpret-
able data were obtained; a repeat study was deemed
necessary.

The diagnosis in each study was assessed by the authors,
based on the classification of signal loss, if present, as follows:

� Satisfactory—no reason for underestimation based on
signal quality

� Potentially underestimated—intermediate signal loss
The following sleep variables were recorded as a measure of

sleep quality: TST (hours:minutes) and sleep efficiency (%).11

The OSA diagnosis severity was also reported in accordance
with AASM criteria for pediatric OSA.11

Statistical analysis
Data exploration was performed using descriptive statistical
analysis and inferential statistics. Data are shown in frequencies
or percentages, means and standard deviation (SD), medians
and ranges, and graphics. The 95% confidence intervals (CIs)
have been calculated for the differences in percentages and
medians. To examine categorical characteristics, x2 tests were
used. All analyses were conducted using Stata version 15.1
(StataCorp, College Station, TX, USA).

RESULTS

A total of 233 (139 male, 59.6%) patients underwent
telehealth-supported pediatric HSAT between December 2013
and December 2020, with a mean age of 10.8 (SD 3.6) years
(median 10.2, range 3.1 to 18.4 years). Sixty-seven patients
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(28.8%) had comorbidities, which included asthma, epilepsy,
obesity, and Pierre-Robin sequence ± cleft palate. All patients
had OSA as the indication for HSAT. There were no adverse
patient events.

Technically successful pediatric HSATs were obtained from
89.7% (209/233) of patients who were able to achieve a diagno-
sis, and technically failed studies occurred in 10.3% (24/233) of
patients (Figure 1).

Of the 24 technically failed studies, a satisfactory diagnosis
was still able to be obtained in 1 study. This additional diagno-
sis was a study where the extent of the signal loss was signifi-
cant enough for it to be deemed an overall failed study for
technical reasons; however, enough signals remained for the
study to lead to a diagnosis. The remaining oximetry, respira-
tory effort, and flow signals were present for a period of 4 hours
(equivalent to a level 3 home study) and severe OSA was able
to be diagnosed. There was no diagnosis made in the remaining
23/24 of failed studies. Twenty of the 24 patients with failed
studies were offered “in-laboratory” level 1 PSG and successful
results were obtained. Three (3/25) patients who had failed
HPSG studies were not offered repeat in-laboratory studies due
to intolerance of the setup and they were deemed unsuitable for
further PSG of any kind. Three of the failed studies occurred
when the patients were set up by the sleep team (3/24 = 12%)
and 21/24 (88%) when they were set up by the HITH team.

Although the studies set up by the sleep team had proportion-
ately more with no/minor issues and less with intermediate or
major technical issues when compared with those setups by
the HITH team, the differences were not significant [x2(3) =
6.7; P = .1]. Figure 2 shows the set-up team frequencies per
annum, noting that, during the COVID-19 pandemic, the sleep
team stepped in to assist more often than previously.

Overall, the diagnosis was deemed satisfactory (no reason
for underestimation) in 80% of the technically successful stud-
ies (167/209), which was 71.57% of the study population in
total (167/233). The diagnosis was potentially underestimated

in 20% of those able to achieve a diagnosis (42/209) and this
group made up 18.0% of the total study population (42/233). Of
the 167 patients with a satisfactory diagnosis, most had no tech-
nical issues (77/167, 46%) or minor technical issues (80/167,
48%) (see Figure 3).

The questionnaires were completed by 51.9% (121/233) of
patients. One hundred and eight (89.3%) noted that they
received a high level of care, 9.0% noted an average level of
care, and only 1.7% noted that they received a low level of care.
One-hundred and two (91.0%) found that the home study was
more convenient than coming into the hospital. Seventy-six per-
cent (65/86) of those who responded noted that the Telehealth
support was very good or excellent; 7 noted that it was average
but with some problems. Fourteen patients (15.7%) felt that the
telehealth service was not good enough or a complete failure.
There was no significant difference over the years the service
has been running in the level of telehealth service [x2(1) = 26.0,
P = .2].

The mean TST 7.8 (SD 1.6) hours (median 8.2, range
0.3–11.3 hours) (see Figure 4). Approximately 89.5% (187/
209) of patients satisfied the hospital in-laboratory PSG mini-
mum TST of 6 hours; 10.9% (22/209) had a TST < 6 hours. The
mean sleep efficiency was 78.3% (SD 12.1%) (median 81.0%,
range 34–97.1%).

DISCUSSION

In 2017, the AASM commissioned a taskforce of pediatric sleep
medicine experts to write a position paper on the use of HSAT
in children based on literature available and clinical expertise.8

They concluded that the available evidence does not support the
use of HSATs for the diagnosis of OSA in children, due mostly
to a lack of sufficient validation in the home and insufficient
monitoring available in most devices used to conduct HSAT.
However, there was no distinction made between the various

Figure 1—HSAT distribution.

HSAT = home sleep apnea testing, OSA = obstructive sleep apnea.
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levels of devices. Evidence for level 3 devices with far fewer
channels and no EEG was included with evidence for level 2
devices (with far greater channels and multiple EEG leads).
Since that time, additional feasibility12 and validation studies
have emerged in this area.9,13 Furthermore, the AASM paper
was published prior to the COVID-19 pandemic and, for practi-
cal reasons in terms of risk minimization and infection control,

performing pediatric HSAT is now an ideal solution for selected
children.

Our retrospective audit of telehealth-supported level 2 pedi-
atric HSATs between December 2013 and December 2020
again demonstrates that this kind of service is feasible with
almost a 90% success rate for technically acceptable studies.
These figures are in line with previous authors of level 2 HSAT

Figure 2—Set-up team frequency per annum.

HITH = hospital in the home, HSAT = home sleep apnea testing.

Figure 3—HSAT study diagnoses in relation to technical issues.

HSAT = home sleep apnea testing, OSA = obstructive sleep apnea, PSG = polysomnography.
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studies reporting on feasibility in children. Goodwin et al14 first
reported technically acceptable studies on the first night in
91% of children aged 5–12 years in 2001, with airflow signals
being the major challenge. Marcus et al6 later reported 91%
accuracy in a large multisite level 2 study of children aged 5–12
years in 2014 with setup by a trained technologist. More
recently, in 2020, Ioan et al12 studied 57 children aged 3–6
years, including 8 with developmental delay, and they achieved
81% technical acceptability. Even in more limited channel
(level 3) studies, Brockmann et al7 documented 93% technical
success.

The study failure rate of 10% was due to various equipment-
related issues, such as battery failure and a broken oximeter probe
as well as major signal loss. As a result of this service, lessons have
been learned and issues relating to equipment failures have been
addressed. This has included the use of new longer-lasting alkaline
batteries and spare electrodes and sensors being supplied in the
HSAT equipment bag (eg, spare oximeter probes). Our parental
education via the telehealth platform has improved with time and
enabled parents to replace leads lost and improve data collection.
We also changed to setting up patients in their own home after the
first 25 patients, with less potential for signal loss than during a hos-
pital setup (given they do not need to travel home). With the impact
of the COVID-19 pandemic, we are currently setting up an interac-
tive online training module for staff that replaces current face-to-
face training and should improve study failures related to high
HITH staff turnover. While there was a trend toward more failures
in those set up by HITH vs sleep team staff, this was not statistically
significant (P = .2). Given the small sample size, we acknowledge
this may related. However, both staff types are trained, and we
believe this is important given previous authors’ report of increased

failure rates in relation to caregiver setups vs trained setups.13,15

There are no previous studies that compare usual sleep staff with
other trained groups, such as HITH nurses.

Studies on validation of level 2 pediatric HSAT against the
gold-standard level 1 PSG have been scarce, as noted by authors
commenting on progress in the area in 2015.16 Until then, only
Goodwin14 andMarcus et al6 had validated small numbers of stud-
ies, and reported similar respiratory parameters in 5 and 4 children,
respectively, who underwent both level 1 and level 2 studies. In
2017, a pilot validation study performed by Scalzitti et al13 in chil-
dren aged 2–17 years showed that there was no significant differ-
ence in apnea-hypopnea index and SpO2 nadir for children above
6 years who underwent level 3 home studies compared with
level 1 PSG. Until then, previous authors had demonstrated
underestimation of the apnea-hypopnea index and variability
when level 3 studies were compared with level 1 studies.17,18

Withers et al9 recently published a validation study of level 2
vs level 1 PSG in 81 children aged 6–18 years simultaneously
in the sleep laboratory, and a further 47 children aged 5–16
years who had in-laboratory level 1 and home level 2 studies.
The simultaneous hospital group showed excellent correlation
in arousals, respiratory disturbance index, and sleep stages,
while the home level 2 vs level 1 hospital group showed a
false-positive rate of 6.6% and a false-negative rate of 3% for
a diagnosis of OSA. Our study is not a validation study, which
is a notable limitation, and this is an area worthy of further
exploration.

Clinical accuracy is addressed in our study indirectly by
defining adequacy of technical signals. We used the same crite-
ria as Marcus et al6 to define a technically acceptable study in
the context of intermediate signal loss—namely, at least 4 hours

Figure 4—Total sleep time.

SD = standard deviation.
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of data per signal, with signal present for at least 75% of TST.
Twenty percent of our studies were potentially underestimated
due to minor or intermediate signal loss, which has possible
implications for clinical management. This is perhaps more sig-
nificant in the normal/primary snoring group who may have
progressed to adeno-tonsillectomy if they had more significant
OSA detected. From our study, it is therefore not possible to
exclude OSA in this group. This is a limitation of level 2 sleep
studies in their current form in children, and improvement in
this area is the subject of our ongoing research.

While most of the patients in our study were healthy children
with symptoms of OSA, we did study 69 patients (29.4%) with
minor comorbidities. These included asthma, mild epilepsy, mild
autism, obesity, Pierre-Robin sequence ± cleft palate, Treacher-
Collins syndrome, neurofibromatosis, and multiple sclerosis. All
of these patients were studied with an indication of OSA. Other
authors have performed HSAT in pediatric patients with comor-
bidities, such as Down syndrome,19 Treacher-Collins syndrome,20

and mucopolysaccharidoses,21 but these did not focus on feasibil-
ity, which may potentially be more difficult in this group. This
paper thus contributes to the feasibility data of HSAT in children
with comorbidities.

Family satisfaction with the procedure was excellent accord-
ing to our questionnaires, with 91% of families reporting the
(level 2) HSAT more convenient than in-laboratory (level 1)
PSG. Marcus et al6 also reported high family acceptance of
HSAT on the Likert scale. In those families where the telehealth
component was reported as suboptimal (16%), the usual reason
was failed Wi-Fi with interruption to the appointment and
switching to a phone call. There were a few families where con-
nection was not possible due to other reasons (lack of computer,
computer skills, or language barriers). We found that children
slept at least 6 hours in 90% of cases, with a mean TST of
8 hours and a median sleep efficiency of 81%. This shows that
children slept well in their beds at home, which is a likely con-
tributor to high family acceptance. This finding is also in agree-
ment with Withers et al,9 where children undergoing level 2
HSAT showed more rapid eye movement (REM) sleep and bet-
ter sleep efficiency than level 1 P-HPSG.

One of the concerns raised by the AASM taskforce was the
inability of pediatric HSAT to measure transcutaneous carbon
dioxide,8 although it was clarified that, at present, the incidence
of isolated obstructive hypoventilation in children is unknown.
It is theoretically possible to address this by attaching a transcu-
taneous monitor to a level 2 device such as ours, and although
this was not done in the current analysis, we have gone on to do
this subsequently in select patients with success. There is no lit-
erature describing this in children to date.

CONCLUSIONS

Telehealth-supported level 2 pediatric HSAT at our center is
feasible in children aged 5–18 years both with and without
minor comorbidities, it is safe when parents sleep next to their
child, and is technically accurate, achieving a diagnosis in
90%. Families accept HSAT as it is more convenient and

children sleep well in their own beds. The device we use is
commercially available and hence the service is scalable.
Pediatric HSAT should be reconsidered in the context of the
COVID-19 pandemic with level 1 PSG posing a potential risk
of increased virus exposure. Future research is currently being
directed at improving the limitations of level 2 pediatric
HSAT.

ABBREVIATIONS

AASM, American Academy of Sleep Medicine
COVID-19, coronavirus 2019 disease
EEG, electro-encephalogram
HITH, hospital in the home
HSAT, home sleep apnea testing
OSA, obstructive sleep apnea
PSG, polysomnography
SD, standard deviation
SE, sleep efficiency
TST, total sleep time
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