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Abstract
Objectives: In response COVID- 19, re- establishing safe elective services was priori-
tised in the UK. We assess the impact on face- to- face hospital attendance, cost and 
efficiency of implementing a virtual sleep clinic (intervention 1) to screen for children 
requiring level 3 ambulatory sleep studies using newly implemented ENT- UK guide-
lines for obstructive sleep apnoea (OSA) investigation (intervention 2). Objectives: (1) 
compare the proportion of children attending sleep clinic undertaking a sleep study 
before and after implementation of these interventions; (2) compare clinic cancella-
tions and first- time success rates of sleep studies before and after intervention.
Design: Retrospective analysis.
Setting: District general hospital paediatric sleep clinic.
Participants: Children aged 3 months to 16 years referred to sleep clinic by ENT for 
investigation of OSA over 3 months immediately following interventions (1 June 
2020 –  1 September 2020) to the same period in the previous year (1 June 2019 –  1 
September 2019).
Main outcome measures: Number of children attending sleep clinic, date of birth/
age of children attending sleep clinic, number of children undergoing sleep study, di-
agnostic outcomes, number of appointment cancellations, number of first- time sleep 
study failures.
Results: Post intervention, there was a significant reduction in the proportion of chil-
dren undertaking ambulatory sleep studies, and nonsignificant reductions in appoint-
ment cancellations and in first- time sleep study failures.
Conclusions: The introduction of the virtual sleep clinic meant that only those chil-
dren requiring a sleep study attended a face- to- face appointment, which led to re-
duced face- to- face attendance. There were also unintended cost- effectiveness and 
efficiency benefits, with potential longer- term learning implications for the wider 
sleep community and other diagnostic services.
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1  |  BACKGROUND

The WHO declared the COVID- 19 global pandemic a public emer-
gency on 20 January 2020.1 The UK went into lockdown on 16 March 
2020 with all unnecessary social contact ceasing and a suspension of 
elective services in hospital trusts across the UK.2

Our busy ambulatory paediatric sleep- disordered breathing ser-
vice set in a district general hospital sees a range of children with 
obstructive sleep apnoea (OSA) secondary to adenotonsillar hyper-
trophy, obesity or more complex issues (e.g. craniofacial abnormali-
ties, neuromuscular disease or Down's syndrome). Our service uses 
ambulatory cardiopulmonary/level 3 sleep studies for the diagnosis 
of OSA. Level 3 devices record three channels of data (pulse oxim-
etry, airflow and respiratory effort) and are becoming more com-
monly used by sleep services due to their cost- effectiveness and 
accessibility. There is no requirement for inpatient stay, and the 
skillset required to interpret the data is less than for full inpatient 
polysomnography. The studies are sufficient to diagnose sleep- 
disordered breathing (SDB) in children3,4 and in our experience more 
representative, particularly for noncomplex cases as children gen-
erally sleep better at home. After the initial suspension of the sleep 
service during the lockdown period and the redeployment of staff 
to acute services, getting this service up and running again became 
a priority with waiting times increasing from prelockdown referrals.

With social distancing measures in place and new cases of SARS- 
CoV- 2 still emerging, we were forced to completely reshape our pae-
diatric sleep service with the aim of reducing face- to- face hospital 
attendance. In this regard, ambulatory sleep studies have an obvious 
immediate advantage over inpatient studies. But there were still op-
portunities to potentially reduce hospital attendance.

Here, we describe two interventions we implemented in May 
2020 to our paediatric SDB service, which aimed to reduce face- to- 
face hospital attendance. The primary aim of this study is to look at 
the impact of the interventions on face- to- face hospital attendance. 
The secondary aim is to evaluate the impact on the cost and effi-
ciency of the service.

2  |  METHODS

A. Primary and secondary objectives:

Primary objective:

1. Compare the proportion of children seen by the paediatric 
sleep- disordered breathing service, who were referred by ENT 
for investigation of OSA, undergoing an ambulatory sleep study 
pre intervention and post intervention.

Secondary objectives:

1. Compare cancellation rates to the paediatric sleep- disordered 
breathing service pre intervention and post intervention.

2. Compare the first- time failure rate of level 3 ambulatory sleep 
studies pre intervention and post intervention.

B. Interventions:

The first intervention we introduced was the implementation 
of the new clinical guidelines, which were released by ENT- UK5 in 
July 2019. These guidelines state that in noncomplex children with 
adenotonsillar hypertrophy and no underlying risk factors, clinical 
assessment is sufficient to accurately assess the severity of OSA, 
even in more severe cases of OSA. 79% of new patients seen in our 
sleep clinic are ear, nose and throat (ENT) referrals of children with 
simple adenotonsillar hypertrophy. Implementing these guidelines 
had the potential to reduce the number of ambulatory sleep studies 
performed, all of which require face- to- face contact (as a minimum 
to collect and return sleep equipment).

The second intervention was the introduction of a virtual video 
sleep consultation (paediatrician- led). Before the introduction of the 
virtual clinic, all ENT- referred OSA patients were seen in a face- to- 
face paediatrician- led combined consultation and equipment- fitting 
clinic. Using the ENT guidelines, the virtual consultation appointment 
screened for patients requiring a sleep study, with such patients referred 
to a separate nurse- led face- to- face ‘equipment- fitting’ clinic. Because 
level 3 ambulatory studies involve the use of chest and abdominal respi-
ratory inductance plethysmography (RIP) bands, we recommended that 
the children being investigated attended the sleep equipment- fitting 
clinic appointment for sizing purposes. Guidance from our local infection 
control team on the quarantining and cleaning of equipment between 
uses and the trust recommendation that only one parent/carer should 
accompany their child to the appointment was followed accordingly.

Key points

• In response to COVID- 19, re- establishing safe elective 
services remains priority in the UK.

• The introduction of a virtual paediatric sleep clinic to 
screen children aged 3 months to 16 years referred by 
ENT for investigation of OSA is an effective way of re-
ducing face- to- face consultations in this age group.

• The implementation of ENT- UK guidelines for obstruc-
tive sleep apnoea (OSA) investigation facilitates the in-
troduction of such a clinic.

• Virtual paediatric sleep clinics can result in reductions 
in the proportion of children undertaking ambulatory 
sleep studies, in appointment cancellations and in first- 
time sleep study failures.

• There are also cost- effectiveness and efficiency ben-
efits, with potential longer- term learning implications 
for the wider sleep community and other diagnostic 
services.
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For those children not meeting the criteria for a diagnostic sleep 
study, the severity of the OSA was assessed in the virtual consul-
tation through clinical history taking which included the modified 
Epworth Sleepiness Scale.6 Using ENT- UK recommendations,5 local 
guidelines were developed for paediatricians in the virtual sleep 
clinic to assist in the process for screening patients eligible for a 
sleep study (Figure 1A). A combination of clinical experience and the 
reported literature was used to develop guidance on the clinical as-
sessment of OSA severity (Figure 1B).6– 8

C. Assessing the impact of the interventions:

We compared retrospective data from children aged 3 months to 
16 years referred to sleep clinic by ENT for the investigation of OSA 
over the 3 months immediately following the implementation of the 
interventions (1 June 2020 –  1 September 2020) to the same period 

in the previous year pre intervention (1 June 2019 –  1 September 
2019). Data collection was as follows: number of children attending 
sleep clinic (referred by ENT for investigation of OSA), date of birth/
age of children attending sleep clinic, number of children undergoing 
a sleep study, diagnostic outcomes, number of appointment cancel-
lations and number of first- time sleep study failures. A Priori power 
analysis was run using G*power.9 The power analysis determined 
that a total of 128 participants would be required for an alpha value 
of 0.05, with a moderate effect size of 0.5 and power of 0.8.

3  |  RESULTS

1. Proportion of children undergoing ambulatory sleep studies 
pre intervention and post intervention:

F I G U R E  1  Local guidance on 
clinical decision- making for children 
with adenotonsillar hypertrophy and 
sleep- disordered breathing symptoms. 
Local guidance used by paediatricians 
to support clinical decision- making for 
children with adenotonsillar hypertrophy 
and sleep- disordered breathing 
symptoms. (A) ENT- UK– derived guidelines 
5 on whether a child should be referred 
for a sleep study. (B) Clinical predictors 
of mild/moderate/severe OSA based on 
available evidence6- 8 and local consensus

(A)

(B)
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The proportion of children seen by the paediatric sleep- 
disordered breathing service, referred by ENT for investigation of 
OSA, who underwent an ambulatory sleep study was significantly 
smaller post intervention (Figure 2). 49% (29/59) of patients had an 
ambulatory sleep study in the period 1 June 2020 –  1 Sept 2020 
compared to 88% (73/83) over the same period in 2019 (p < 0.001 
[Welch two- sample t- test]). The Welch two- sample t- test was used 
due to significantly different variances (p < 0.001) between the 
2 groups using the Levene's Test for Equality of Variances.

The mean age of children seen in sleep clinic pre intervention 
was 4.6 years (range 0.5– 15 years). This compared to a mean age 
of 4.7 years (range 0.4– 12 years) in the postintervention group 
(Figure 3). Both pre intervention and post intervention, the mean 
age of children who did not undergo a sleep study was higher than 
the mean age of children who had a sleep study.

In both the preintervention and postintervention groups, the 
vast majority of children referred to sleep clinic for investigation of 
OSA symptoms had simple adenotonsillar hypertrophy. 5/59 chil-
dren (8%) had risk factors other than adenotonsillar hypertrophy 
in the preintervention group compared to 6/83 children (7%) in the 
postintervention group. These risk factors included obesity, Down's 
Syndrome, neurological conditions leading to hypotonia and prema-
ture infants.

The trends in proportions of diagnosed OSA severity (Figure 4) 
were similar pre intervention and post intervention (p = 0.06 
[2- tailed Student t- test]). The exception was that there was an 
overall increase in the proportion of children diagnosed with mod-
erate severity OSA after implementation of the interventions, 
most of whom were diagnosed clinically, corresponding to reduc-
tions in the proportion of patients diagnosed as normal or as hav-
ing mild OSA.

2. Cancellation rates pre intervention and post intervention:

The proportion of children referred by ENT to sleep clinic for in-
vestigation of OSA whose sleep clinic appointments were cancelled 
by parents (Figure 5) was greater before intervention (13% [12/95]) 
than after intervention (5% [3/62]). This result was not significant 
(p = 0.078 [Welch two- sample t- test]). The Welch two- sample t- test 
was used due to significantly different variances (p = 0.001) be-
tween the 2 groups using the Levene's Test for Equality of Variances.

3. First- time failure rate of sleep studies:

The first- time failure rate (Figure 6) of ambulatory sleep studies 
for ENT patients referred to sleep clinic (for investigation of OSA) 
was lower after intervention (7% [2/29]) compared with before in-
tervention (10% [7/73]). This result was not significant (p = 0.226 
[2- tailed Student t- test]).

4  |  DISCUSSION

Before the pandemic, our paediatric sleep consultations for patients 
referred by ENT for investigation of OSA symptoms would occur in 
the same face- to- face outpatient appointment as the demonstration 
to parents/carers of ambulatory sleep study equipment set- up. The 
whole face- to- face appointment was clinician- led, and the major-
ity of children attending the sleep clinic would go home with level 
3 sleep study equipment.

The implementation of the virtual screening clinic and new 
ENT- UK guidelines5 means that only those children who meet the 
criteria for a sleep study to investigate their OSA symptoms phys-
ically attend the children's outpatient department. This has led to 
a statistically significant 39% reduction in the number of patients 
seen face to face. The reduction in the proportion of children un-
dergoing a sleep study is likely to be mainly related to the change 
in ENT- UK guidance, but we also believe that having the consulta-
tion/screening part of the clinic separate and virtual makes it less 

F I G U R E  2  Percentage of children seen in sleep clinic undergoing 
a sleep study. Graph showing the percentage of children (%) 
seen by the sleep- disordered breathing service, referred by ENT 
for investigation of OSA, undertaking an ambulatory overnight 
cardiopulmonary sleep study. 88% (73/83 patients) had a sleep 
study pre intervention compared to 49% (29/59 patients) after the 
intervention [Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E  3  Mean ages of children seen in sleep clinic pre 
intervention and post intervention. Graph showing the mean ages 
(years) of ENT- referred children for investigation of OSA seen in 
sleep- disordered breathing clinic before and after intervention 
[Colour figure can be viewed at wileyonlinelibrary.com]
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likely that equipment will be handed out to patients who do not 
meet the criteria.

Furthermore, the equipment- fitting clinic appointments 
are shorter than previous face- to- face combined consultation/
equipment- fitting clinics (20- min compared to 30- min appoint-
ments). Overall, fewer children are attending face- to- face outpa-
tient appointments, for less time, meaning that the interventions 
implemented have been successful in meeting the main aim of re-
ducing face- to- face hospital attendance in the era of the COVID- 19 
pandemic.

The disadvantage of a virtual clinic is that clinical examination is 
not possible. However, we have been able to assess for obesity using 
height/weight parameters. At the time of writing, COVID- 19 guidance 
published by the Royal College of Paediatrics and Child Health10 rec-
ommends that throat examination in children is not performed rou-
tinely, and in our experience, tonsillar grading can be undertaken via 
video consultation in a cooperative school- age child. The average age 
of children referred to our sleep clinic from ENT services in the postin-
tervention group was 4.7 years and the number of school- age children 
(born on or before 31/08/2015) assessed virtually was 34/59 (58%).

F I G U R E  4  Severity of OSA 
diagnosed before and after intervention. 
Graph showing the severity of OSA 
diagnoses before intervention (A) and 
after intervention (B) displayed as the 
percentage of children seen in sleep 
clinic, referred by ENT for investigation 
of OSA. With study = patients who were 
diagnosed with a sleep study, without 
study = patients who were diagnosed 
without a sleep study, overall = combined 
diagnoses with and without sleep 
studies [Colour figure can be viewed at 
wileyonlinelibrary.com]
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F I G U R E  5  Percentage of sleep clinic appointments cancelled. 
Graph showing the percentage (%) of ENT- referred sleep- 
disordered breathing clinic appointments (for investigation of OSA) 
cancelled by parents/carers before and after intervention (13% 
[12/95] before intervention versus 5% [3/62], after restructure) 
[Colour figure can be viewed at wileyonlinelibrary.com]
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F I G U R E  6  Percentage of sleep studies conducted failing at 
first attempt. Graph showing the percentage of children, referred 
by ENT to sleep clinic for investigation of OSA, undergoing 
a sleep study who had a first– time study failure, before and 
after intervention (10% [7/73] before intervention compared 
to 7% [2/29] after intervention) [Colour figure can be viewed at 
wileyonlinelibrary.com]
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The mean age of children undergoing a sleep study was lower 
than those who received a clinical diagnosis. This is unsurprising post 
intervention as one of the ENT- UK criteria for conducting a study 
is the child being aged 3 years or under, but this was also the case 
before implementation of the virtual sleep clinic/ENT- UK guidelines 
and likely reflects the clinical diagnostic uncertainty in younger age 
groups, supporting the ENT- UK guidance.

Interestingly, there was no statistically significant difference 
in the proportion of children diagnosed as not having OSA (nor-
mal) and the spread of diagnosed OSA severities before and after 
implementation of the interventions. With the higher proportion 
of the diagnosis of all OSA severities post intervention compared 
to pre intervention being clinically rather than via sleep study 
suggests that clinical assessment is an accurate diagnostic tool 
in the diagnosis of OSA in eligible children. The exception was 
the higher proportion of children in the moderate OSA severity 
category after intervention. Most of the children in this category 
were diagnosed clinically post intervention, and there was a slight 
reduction in children diagnosed as normal or mild severity OSA 
accordingly. This could be because our clinical guidelines which 
have been adapted from the ENT- UK guidance overestimate the 
severity of OSA. It could also be due to differences in the patient 
population in the postintervention group compared to the prein-
tervention group.

In addition to reducing face- to- face attendance, we have seen 
unintended efficiency and cost- effectiveness benefits. Because the 
virtual paediatrician- led consultation is shorter (20 min) than the 
previously used combined face- to- face consultation/equipment- 
fitting clinic (30 min), we have capacity to see more patients per 
clinic. Although not significant, we saw a trend towards a lower first- 
time failure rate of ambulatory sleep studies post intervention. Pre 
intervention, the paediatrician would demonstrate to the caregiver 
how to attach the sleep study equipment at the end of the clinic con-
sultation. With the time constraint of 30 min for this entire process, 
we believe that the equipment demonstration was often rushed, in-
creasing the risk of errors when setting up the equipment at home. 
Post intervention, the separation of the equipment- fitting service 
into a designated specialist nurse- led clinic, with 30- min slots per 
patient, we believe, has led to the trend of fewer errors.

Note that in our hospital, the paediatric sleep service is 
paediatrician- led rather than ENT- led. The main reason for this is 
that, although OSA forms our largest group of referrals, we also 
see patients with other pathologies referred from paediatrics (e.g. 
infants with chronic lung disease on home oxygen and children with 
sleep- disordered breathing conditions of central origin). In addition, 
our service is still in its infancy, and we were unclear from the outset 
exactly what proportion of referred patients would be from ENT. 
Going forward, ENT will be using the guidance to directly refer el-
igible OSA patients to the technician, avoiding the need for these 
patients to see the paediatrician.

Furthermore, although statistically nonsignificant, there was 
a trend towards a reduction in sleep appointment cancellations by 

parents/carers, which is likely to be due to the reduced logistical 
burden for families attending virtual appointments compared to 
attending face- to- face appointments. We have introduced a tele-
phone backup service for contacting parents/carers who forget or 
are unable to join the virtual clinic which has led recently to a trend 
towards reduced nonattendance. It is worth noting that the lower 
cancellation rates post intervention may have been also influenced 
by the flexibility of working from home policies and home schooling 
during the period observed.

Limitations of the study were the relatively small numbers of pa-
tients in the preintervention and postintervention groups and the 
use of level 3 ambulatory studies rather than full inpatient polysom-
nography, the latter which is recommended by the ENT- UK guid-
ance. In addition, due to limitations of virtual consultation, there is 
a chance that, cases which did meet the criteria for a sleep study 
were missed, impacting on the numbers of studies performed post 
intervention.

5  |  CONCLUSIONS

These results mean that not only are we able to safely run our 
diagnostic paediatric sleep- disordered breathing service during 
the COVID- 19 pandemic, but also we have developed a more ef-
ficient, convenient and cost- effective service. There is scope to 
involve the paediatric community nursing team and/or courier 
services for the distribution and collection of ambulatory sleep 
equipment, which would avoid the need for patients and their 
families having to attend the hospital at all. Our ENT services 
have also now implemented the screening guidelines in their 
clinics with the potential for minimisation of referral of clinically 
diagnosable OSA cases to the sleep service, with further cost- 
efficiency benefits.

These data highlight the advantages of the introduction of vir-
tual screening clinics using ENT- UK guidelines in the diagnosis of 
OSA in children. Future studies should directly compare the accu-
racy of diagnosis of OSA in children clinically versus via sleep study, 
as well as comparing management and clinical outcomes of patients 
diagnosed clinically versus via sleep study.

It took a global pandemic to reshape the way we run our paedi-
atric sleep service, but the benefits we have seen mean that we are 
likely to continue this new structure longer- term. The COVID- 19 era 
is an appropriate time for adult and paediatric sleep services, as well 
as other diagnostic services, to reassess their guidelines and the way 
their services are delivered.
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