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abstract
aims: To document the establishment of a Paediatric Continuous Positive Airway Pressure (CPAP) service within the 
Wellington Region, and review outcomes over the last 15 years. 
methods: A retrospective audit of the Paediatric Sleep Service records including clinic letters and polysomnography 
(PSG) studies for all paediatric patients commenced on CPAP treatment, or for whom CPAP treatment was offered, from 
November 2005 to December 2020. Data were collected on demographics, medical diagnoses, indications for respira-
tory support, ENT involvement and surgery. Factors related to CPAP use were also recorded. 
results: Seventy-four children were offered CPAP in the time frame, 52 (70%) male. The age range at onset of CPAP 
treatment was <1 year of age to 23 years with 12 cases ≥16 years of age. There were 3 (4%) cases presenting before 2006, 
11 (15%) cases from 2006–2010, 16 (22%) cases from 2011–2015 and 44 (59%) cases between 2016–2020. Ethnicities 
included were, 32 (43%) NZ European, 18 (24%) Māori, 19 (26%) Pacific and 5 (7%) Indian/Asian. The most common pri-
mary diagnoses were Obesity 21 (28%), Down Syndrome 10 (14%) and Craniofacial abnormalities 8 (11%). One family 
declined a CPAP trial and there were eight failed CPAP trials. For the remaining 65 patients, compliance with treatment 
was good/usually good for 25, variable for 19, and poor for 21. Māori patients were less likely to have good/usually good 
compliance than NZ European and Pacific patients (25% versus 44% and 47% respectively).  
conclusion: Referrals for CPAP treatment in the paediatric age range are increasing and obesity is the commonest 
co-morbidity. Services need to be culturally appropriate to ensure the best outcomes.

Obstructive sleep apnoea (OSA) is character-
ised by repetitive episodes of upper airway 
obstruction during sleep leading to hypoxia 

and sleep fragmentation. Prevalence rates in the 
paediatric population vary between 1.2% to 5.7%.1 
When symptoms of apnoea are recorded separately 
from snoring, snoring is more common (1%–2% ver-
sus 3.6%–7.7% for always snoring and 9.6% to 21.2% 
for habitual snoring).2 Both complete obstruction 
(apnoea) and partial obstruction (hypopnoea) are 
associated with oxygen desaturation and arousal 
in children. The commonest cause is adenotonsillar 
hypertrophy, but obesity is increasingly being asso-
ciated with OSA in later childhood and adolescence. 
Other risk factors include craniofacial anomalies, 
neuromuscular disorders, congenital/chromosomal 
syndromes (most commonly trisomy 21) and cen-
tral nervous system disorders.3,4

The prevalence of OSA in the child and youth 
population of Aotearoa New Zealand is not known. 
In a community sample of 839 3-year-old children, 

of whom around half were followed up at 7 years 
of age, prevalence of habitual snoring was similar 
at the two time points (11.3% versus 9.2%) but there 
were individual changes in status over time, high-
lighting the need for regular screening for symp-
toms including after adenotonsillectomy.5 Untreated 
OSA has been associated with impairments in mem-
ory and attention, learning deficits and difficult 
behaviour and so attention to treatment is import-
ant.6 Obstructive sleep apnoea can lead to daytime 
sleepiness and hyperactive behaviour. At night, 
sleep is restless and waking common with conse-
quent secondary effects on caregivers including 
sleep disturbance, fatigue and mood changes. 

The first line of treatment in children, ade-
notonsillectomy, improves quality of life but may 
not resolve all symptoms in all children.7–9 Those 
with predisposing factors such as obesity, craniofa-
cial anomalies and neuromuscular or other congen-
ital syndromes may require alternative treatments 
such as continuous positive airway pressure (CPAP). 
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Paediatric sleep services are well established in the 
main centres in Australia. Currently in Aotearoa New 
Zealand, only Wellington and Auckland have estab-
lished services for paediatric sleep studies reported 
by a paediatric sleep physician, although a develop-
ing specialist service is now available in Christchurch 
with the recent arrival of a paediatric specialist 
trained in sleep medicine. In 2005, colleagues at 
Starship hospital Auckland reported on non-invasive 
ventilation use in the paediatric population in New 
Zealand including 47 patients on CPAP.4 A trend was 
noted then of increasing numbers of children receiv-
ing respiratory support at home. In 2013, the Austral-
asian Paediatric Respiratory Group reported data on 
paediatric home ventilatory support across Austral-
asia, providing estimates of numbers using CPAP and 
expressing concern about data quality and equity of 
access to services.10

The collaboration between Capital and Coast 
DHB (CCDHB) and the University of Otago WellSleep 
adult sleep laboratory started in 1997. Initially, with 
regard to the paediatric age range, there was more 
emphasis on neonatal polysomnography (PSG) and 
research in infant breathing. Paediatric sleep clin-
ics commenced at CCDHB in 2005 and were led by 
a qualified paediatric sleep physician from 2008. 
Since then, a growing number of children have 
been seen, assessed and offered CPAP therapy. 
This review aimed to determine the effectiveness 
of the establishment of CPAP treatment in children 
within the Wellington Region, and to see if there 
had been improvements over the last 15 years. We 
also examined the reasons for CPAP treatment and 
associated demographic factors. 

Method
This was a retrospective review of paediatric 

sleep service records at CCDHB including clinic let-
ters and PSG studies to identify all children offered 
CPAP treatment from November 2005 to December 
2020. CCDHB contracts paediatric sleep assessment 
services also for Hutt Valley and Wairarapa DHBs 
from the WellSleep sleep laboratory at the University 
of Otago, Wellington. Data were collected on demo-
graphics, medical diagnoses, indications for respira-
tory support, Ear Nose and Throat (ENT) specialist 
involvement and surgery. The NZ Deprivation Index 
was calculated from NZDep2013 or NZDep2018 data 
depending on when the patient was first seen.11,12 A 
BMI at or above the 95th percentile for age and gen-
der was considered overweight. Factors related to 
CPAP use were also recorded including the year first 
seen by the service, number of PSG studies under-

taken and initial apnoea hypopnea index (AHI). 
Compliance was assessed from clinical informa-

tion rather than machine downloads, as the avail-
ability of these changed over the review period. 
Compliance was documented as either “usually 
good” (patient using CPAP for >4 hours each night 
for >70% of the week), “good” (patient using CPAP 
50% of the week), “variable” (intermittent use 
of CPAP) or “poor” (patient never established on 
CPAP). A “failed trial” was recorded if the patient 
had not completed the initial one-month CPAP trial. 
A “declined trial” was recorded if the family did not 
take up the offer of CPAP treatment. Patient char-
acteristics and compliance were compared between 
two time periods, 2005–2014 and 2015–2020. Data 
were collated into a Microsoft Excel database, and 
summary statistics generated using Excel functions. 
The audit was approved by the Child Health Service 
governance group at CCDHB.

Results 
Seventy-four patients were offered CPAP therapy 

over the time period, of whom 52 (70%) were male. 
Age at commencement varied between less than 
one year of age to 23 years of age, the latter being 
a Down syndrome patient. Patients were offered 
CPAP across the child and youth age range with 
12 cases being ≥16 years of age. (Figure 1). Patient 
demographics are shown in Table 1. NZ European 
cases were under-represented and Pacific and 
Other ethnicities over-represented. 

The Deprivation Index quintile for cases is illus-
trated in Table 1. Although all quintiles were rep-
resented, the highest number of cases were from 
Quintile 5. This is not representative of data for the 
<15-year age group from Capital and Coast, Hutt 
Valley and Wairarapa district health boards (DHBs), 
where Quintile 4 is the predominant quintile for 
Hutt Valley and Wairarapa and Quintile 1 for Capi-
tal and Coast DHB.13 Forty-five (61%) patients were 
from Capital and Coast DHB, 24 (33%) from Hutt 
Valley DHB, three (4%) from Wairarapa DHB and 
one (1%) each from Whanganui and Nelson Marl-
borough DHBs.

Patients were initiated on CPAP therapy every 
year from 2005 to 2020. Early on in the time period, 
two Wellington patients were started on CPAP at 
Auckland Starship hospital. Three other patients 
commenced CPAP elsewhere and then transferred 
to Wellington because of a change in personal cir-
cumstances. There was a marked increase in num-
bers of patients offered CPAP treatment over the 
audit period (Figure 2).
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Table 1: Patient demographics compared between two time periods 2005–2014 and 2015–2020.

2005–2014 2015–2020 Total

Patients offered CPAP 25 49 74

Sex % male 17 (68%) 35 (71%) 53 (70%)

Age <5 years 3 (12%) 11 (22%) 14 (19%)

Ethnicity

 NZ European 

 Māori

 Pacific

 Other

9 (36%)

7 (28%)

9 (36%)

0 (0%)

23 (47%)

11 (22%)

10 (21%)

5 (10%)

32 (43%)

18 (24%)

19 (26%)

5 (7%)

Deprivation Index     

 Quintile 1

 Quintile 2

 Quintile 3

 Quintile 4

 Quintile 5

4 (16%)

1 (4%)

5 (20%)

5 (20%)

10 (40%)

4 (8%)

9 (18%)

14 (29%)

6 (12%)

16 (33%)

8(10%)

10(14%)

19 (26%)

11(15%)

26 (35%)

BMI (Mean and SD)

 NZ European

 Māori

 Pacific

30.2 ± 12.7 kg/m2 29.14 ± 11.2 kg/m2

30.6 ± 11.0 kg/m2

25.7 ± 7.7 kg/m2

36.2 ± 10.2 kg/m2

38.5 ± 10.2 kg/m2

Figure 1: Age at which CPAP was first offered or commenced.
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Figure 2: Year CPAP offered or commenced.

Table 2: Main co-morbidity diagnosis associated with need for CPAP treatment.

Co-morbidity Number (%)

Obesity 21 (29%)

Down syndrome 10 (14%)

Craniofacial abnormality (includes micrognathia) 8 (11%)

Severe cerebral palsy 4 (6%)

Chromosomal abnormality 4 (6%)

Nasal obstruction 4 (6%)

Muscular dystrophy 4 (6%)

Prader–Willi syndrome 4 (6%)

CNS lesion 3 (4%)

Respiratory—asthma, recurrent infection, chronic lung disease 3 (4%)

Airway—subglottic stenosis, tracheomalacia etc 3 (4%)

Other 6 (8%)
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Table 3: Patient compliance compared between two time periods 2005–2014 and 2015–2020 and by  
ethnicity and age.

Time period 2005–2014 2015–2020 Total

Offered CPAP n=25 n=49 n=74

Treatment >1 month 24 41 65

Failed trial 1 7 8

Declined CPAP 1 1

Compliance >1 month n=24 n=41 n=65

 Good/usually good

 Variable

 Poor

6 (25%)

8 (33%)

1 (42%)

19 (46%)

11 (27%)

11 (27%)

25 (34%)

19 (26%)

21 (28%)

Compliance >1 month Good/usually good Variable Poor

Ethnicity

 NZ European (n=25)

 Māori (n=16)

 Pacific (n=19)

11 (44%)

4 (25%)

6 (47%)

6 (24%)

7 (44%)

5 (26%)

8 (32%)

5 (31%)

8 (42%)

Age

 0–4 years (n=14)

 5–9 years (n=18)

 ≥10 years (n=33)

7 (50%)

7 (39%)

11 (33%)

4 (29%)

6 (33%)

9 (27%)

3 (21%)

5 (28%)

13 (39%)

Table 4: Reasons for stopping CPAP and/or discharge from the paediatric sleep service for patients  
offered or commenced on CPAP.

Reason for discharge
Number of cases

n=74

Current patient 20

Discharged poor tolerance or compliance 13

Transferred to adult services 12

Improved after ENT surgery 9

Improved/not required 6

Discharged failed trial 5

Moved out of 3DHB area 4

Offered and declined 1

Improved after ENT and plastic surgery 1

Discharged—improved after weight loss 1

Moved to bilevel ventilation 1

Improved due to medical treatment of immune deficiency 1
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The mean Body Mass Index (BMI) when offered 
CPAP therapy was 30.6 kg/m 2 (SD 11.9), ranging 
from 13.1kg/m2 to 68.6kg/m2. BMI was unavailable 
for three patients. There were 40 (54%) patients 
with a BMI >95th centile for age. The mean BMI was 
higher for Māori and Pacific patients than for NZ 
European patients (Table 1). Obesity was the most 
commonly documented co-morbidity contributing 
to the need for CPAP treatment followed by Down 
syndrome and craniofacial anomalies (Table 2). 

The most common sleep diagnosis resulting in 
offering CPAP was OSA (69 (82%) patients). Three 
patients had a mixed picture of central and obstruc-
tive apnoea on PSG, and one patient had evidence 
of OSA with a degree of hypoventilation. A further 
patient had catathrenia without significant OSA 
on overnight PSG. Diagnostic PSG was unavailable 
for five (18%) patients. For the remainder, six had 
an apnoea hypopnoea index (AHI) between 1–5 
events per hour, 13 had an AHI between 5–9 events 
per hour, and 11 had an AHI between 0–14 events 
per hour. The remaining 39 patients had an AHI 
≥15 events per hour with four having an AHI >90 
events per hour. Some patients had a full night 
diagnostic study, and some had a split study with a 
shorter diagnostic period and CPAP applied during 
the night of the initial study, which would explain 
some variation in the initial AHI

Twenty-nine (39%) patients had at least one 
type of ENT procedure prior to CPAP treatment. 
The most common procedure was adenotonsil-
lectomy (n=20) followed by other nasal surgery 
(n=7), adenotonsillectomy plus revision adenoid-
ectomy (n=4), tonsillectomy alone (n=3) and ade-
noidectomy alone (n=1). Seven patients had two 
procedures and three patients had three proce-
dures. There were also a number of patients who 
had ENT procedures after being offered CPAP. 
These procedures included adenotonsillectomy 
(n=9), other nasal surgery (n=6), tonsillectomy 
(n=5), revision adenoidectomy (n=3) and lingual 
tonsillectomy (n=1).

With regard to acceptance of treatment, one 
family declined the offer of CPAP treatment, and 
eight patients did not complete the initial trial 
period. The eight patients not completing the 
CPAP trial were all ≥10 years of age as was the 
patient for whom a CPAP trial was declined. Com-
pliance data are shown in Table 3.

When age was considered for patients using 
CPAP beyond a month, the best compliance was 
seen in the 0–4 year age group. When ethnicity 
was considered, Māori patients appeared less 
likely to have good or usually good compliance. 

For those patients who completed the one-month 
trial, good/usually good compliance was more 
commonly documented in the second time period.

During CPAP treatment, overnight PSG record-
ings were undertaken for monitoring pressure 
requirements over time. The average number of 
studies per patient, including the initial diagnos-
tic study, was 2.5 studies (median 2, range 1–11). 
Younger children continuing CPAP over a longer 
period of time had studies undertaken every one 
to two years to review pressure requirements.

By the end of 2020, 54 patients were discharged 
from the service or stopped using CPAP and 20 
patients remained current patients. Reasons for 
discharge are shown in Table 4. The most com-
mon reasons for discharge were poor tolerance 
and compliance (n=13) and transfer to adult sleep 
services (n=12). Nine patients demonstrated an 
improvement in OSA symptoms after ENT surgery 
and six improved for other reasons. Some of these 
were infants who demonstrated improvement in 
micrognathia during the first year of life.

Discussion
This review of patients managed through the 

paediatric sleep service at CCDHB indicates the 
wide range of ages and underlying diagnoses of 
children presenting with OSA and requiring treat-
ment with CPAP. Also, just as there has been an 
explosion of CPAP use for adult patients in recent 
years, so also in the infant, child and youth age 
range an increasing number of patients are being 
treated with CPAP. These cases are likely just the 
tip of the iceberg in regard to the numbers who 
would benefit from this treatment. The increased 
referrals suggest greater recognition by a range of 
clinicians that CPAP may be a useful treatment for 
these patients. 

The most common indication for CPAP com-
mencement was, as expected, OSA and the most 
common primary clinical associations were obe-
sity (without other co-morbid factors), Down syn-
drome and craniofacial abnormalities. Children 
with neurological disorders compromising upper 
airway function during sleep are also increas-
ingly being referred for consideration of CPAP. 
These findings are similar in some respects to the 
Starship hospital study reporting on 108 children 
started on CPAP between 1999 to 2004.4 The most 
common indication for respiratory support in 
the Auckland cohort was respiratory airway dis-
ease followed by neuromuscular disease and cen-
tral nervous system disorder. Obesity was “not a 
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common indication”. Machalaani et al. reported 
in 2016 on the effectiveness of CPAP in 55 chil-
dren 0–18 years of age from the Children’s Hos-
pital at Westmead in Sydney.14 Just under 90% of 
CPAP users were in diagnostic categories grouped 
as chromosomal, neuromuscular, lung disorder, 
central nervous system disorder or “other” dis-
order. Only five CPAP users were documented as 
being obese. 

In contrast, just over half the patients in the 
current study had a BMI >95th centile. For 29% 
of the group, obesity was the main reason for 
the OSA whereas for others the obesity was a 
co-morbidity in association with diagnoses such 
as Prader–Willi syndrome, Down syndrome and 
Duchenne muscular dystrophy. The current data 
therefore suggest that although CPAP is being 
used for patients with a wide variety of diagnoses 
as previously documented, its use is increasing 
in children and youth with obesity without other 
clinical co-morbidities. It is not clear why the cur-
rent data are different from Auckland and Sydney 
cohorts, but this may reflect an increase in rec-
ognition of OSA in obese children and therefore 
referrals to the sleep service from general paedia-
tricians and primary care.

 Of the patients in the Wellington cohort, over 
a third had undergone at least one type of ENT 
intervention prior to referral for CPAP. Although 
adenotonsillectomy can be helpful for obese chil-
dren and youth with OSA, some patients continue 
to have ongoing symptoms requiring further 
treatment.15 In our group, because of the severity 
of their OSA, 18 obese patients were referred for 
CPAP without prior ENT surgery. Of these, seven 
went on to have ENT surgery at a later date. The 
other patients referred for CPAP without prior 
ENT surgery had craniofacial anomalies or other 
co-morbidities like muscle disorders. We docu-
mented ENT surgery events but do not know the 
number of patients who were assessed by ENT, 
and where surgery was not recommended.

The use of CPAP to reverse OSA was first 
reported by Sullivan et al, who documented use 
in five patients including one 13-year-old.16 This 
adolescent had been thought to have an intellec-
tual disability however a large part of his learning 
disability was related to his inability to stay awake 
at school. This group in Sydney, Australia further 
expanded the use of CPAP in children reporting in 
1995 on the use of nasal CPAP for OSA in 80 chil-
dren (average age 5.7 years).17 In a report from the 
USA published the same year documenting use of 
CPAP in 94 patients, 29% were 1–5 years of age, 

36% 6–12 years of age and 32% 13–19 years of age. 
In the current study, corresponding values were 
16%, 32% and 43%, respectively, although the 
older group did include a few patients >19 years 
of age. Just over half the patients commenced 
on CPAP in the current cohort were adolescents 
(aged ≥10).

This shift to a relatively older age at CPAP ini-
tiation may be related to the increase in use of 
CPAP in obese adolescents. The large age range of 
patients started on CPAP, particularly those treated 
past the age of 16, also highlights the need for con-
tinuation of care for youth with developmental 
delay such as patients with Down syndrome. For 
young people referred approaching the age of cut 
off for transfer to adult services, it is in the best 
interests of the patient to commence CPAP in the 
paediatric sleep service as waiting lists are long in 
adult sleep services, and services are less flexible 
in regard to managing adolescents with complex 
co-morbidities that include intellectual disability. 
The younger patients treated in the first year of 
life were infants with OSA related to micrognathia 
or early tonsillar hypertrophy. For those with iso-
lated micrognathia, symptoms resolved as the jaw 
grew forward, and so for this group of patients 
CPAP treatment was not long-term. 

With regard to ethnicity, Pacific patients were 
over-represented in the Wellington group. The 
average BMI was also higher for Māori and Pacific 
patients. Māori patients appeared less likely to 
be compliant with treatment than NZ European 
and Pacific patients, although this was not tested 
statistically because of the small numbers in the 
study, and possible cofounding by other factors 
such as patient age and reason for treatment. Both 
Māori and Pacific patients were more likely to live 
in a more deprived neighbourhood, so these were 
not differentiating factors. A previous local study 
assessed CPAP adherence in adult Māori and 
non-Māori, and found that the poorer adherence 
demonstrated by Māori was explained, in part, by 
lower education levels and socio-economic sta-
tus.18 However, the differences in adherence in 
that study, while statistically significant, were not 
very clinically significant. We suspect that in our 
group, a factor is our failure to consistently pro-
vide culturally appropriate services.

Factors such as access to equipment, damage 
to equipment, social issues, co-morbidities and 
tolerance to CPAP equipment can impact compli-
ance.19,20 When patients have an intellectual dis-
ability or are very young it can be hard for them 
to describe side effects, especially issues with 
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mask fit. Only around a third of the patients in the 
current study demonstrated good or usually good 
compliance. Nixon et al reported on patterns of 
CPAP adherence during the first three months of 
treatment in 30 children prescribed CPAP at the 
Melbourne Children’s Sleep Centre between 2004 
and 2008.21 Similar to our report, just 33% met 
the standard definition of four or more hours use 
on 70% of nights. Usage in the first week of treat-
ment predicted longer term use over 2–3 months. 
Hours of use were not affected by age, sex, base-
line obstructive apnoea hypopnoea index, or 
socio-economic status. 

Simon et al assessed barriers to CPAP use in a 
group of American CPAP users aged between 8 
and 17 years.22 The average use was 3.35 hours 
per night and 5 hours per night when only nights 
of CPAP use were included in the calculation. In 
this study, 43.1% of youth reported that they just 
wanted to forget about OSA, and 29.4% reported 
they were embarrassed to use CPAP. In our local 
clinical group, we have noted difficulties with 
machines not being taken when patients go to 
stay with other family members, or if taken; left 
behind when the child returns to home base. 
This suggests that they have not fully accepted 
the importance of the CPAP treatment. Caregiv-
ers may also be embarrassed to report issues 
with masks, tubing and machines especially if 
they think they may be responsible for paying for 
replacement parts. 

The addition of a respiratory therapist to CPAP 
follow-up clinics has been shown to improve 
compliance for those patients where compliance 
is <50%.23 Roles can include evaluating the CPAP 
machine including: masks and tubing; verifying 
correct CPAP settings; reviewing mask fit; edu-
cating parents and patients about the machine 
including care of the machine; and viewing down-
loads of treatment. In the Aoteraroa New Zealand 
setting, these tasks are more likely to be under-
taken by a specialist respiratory nurse or a sleep 
physiologist. At CCDHB, a specialist respiratory 
nurse has assisted with management of CPAP 
patients since mid-2017 and we feel this is likely 

to have contributed to the improvement in com-
pliance in the 2015–2020 period (25% versus 46% 
for those using CPAP for longer than one month). 
However, we also had more failed trials in the 
later period. We have also found it very helpful to 
have input from whānau care services in the DHB 
working with Māori whānau in the home setting. 
Starting a child on CPAP can be a big step for a 
family, and acclimatisation can require time and 
patience from both clinicians and whānau. Most 
of our discharges due to poor compliance or tol-
erance were in adolescents who had not found 
that CPAP treatment was sufficiently efficacious 
for them to persist with daily compliance with 
treatment.

In summary, this review of children and youth 
offered or commenced on CPAP through the 
CCDHB paediatric sleep service over the last 15 
years highlights the need for increased availabil-
ity of services for these high-risk patients. While 
we have greatly increased our ability to provide 
an assessment and treatment service for infants 
and children with persistent  symptoms of OSA, 
we still have quite a way to go to ensure we sup-
port our patients to achieve optimal treatment 
adherence, especially with regard to our young 
Māori patients. To make improvements in this 
area we need to ensure we work with culturally 
appropriate support services, both in the hos-
pital and the community. A qualitative research 
approach would be valuable to try to understand 
differences in compliance rates by both age and 
ethnicity. Services also need to be free for all. We 
have noted that the need to start paying for con-
sumable equipment can be a barrier to transition 
to adult services. As we observe the tsunami of 
referrals for adults requiring treatment of OSA by 
CPAP, we also need to ensure there is optimal ser-
vice provision for children and youth with signifi-
cant OSA. Given the risks to children and youth of 
suboptimal developmental progress when OSA is 
untreated, and lifetime increased risks of hyper-
tension and associated cardiovascular morbidity, 
this area of clinical need must be given greater 
priority. 
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