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ABSTRACT
Objective To determine the practices of neonatologists 
in managing high- risk neonates believed to be at risk of 
sleep disordered breathing (SDB).
Design An electronic web- based questionnaire assessing 
awareness of and current practices for managing neonates 
predisposed to SDB with conditions like craniofacial 
anomalies, neuromuscular disorders or airway problems 
was emailed to 232 neonatologists and neonatal fellows 
working in Australia and New Zealand (NZ). Additionally, 
neonatologists were approached directly during the annual 
Australia and NZ perinatal conference in 2019.
Results 93 neonatologists (40%) responded to the 
survey. The majority (85%) of the respondents stated 
that there were no written protocols/criteria for sleep 
consultation in their unit. We found considerable variations 
in the threshold for performing tests including oximetry 
or referring for polysomnography. Most respondents 
would perform oximetry before referring for a sleep 
consultation. However, the duration of oximetry varied from 
6 to 24 hours and there was no consensus about what is 
considered abnormal on an oximetry study.
Conclusion Management of SDB is gaining importance 
in neonatal care because of prolonged length of hospital 
stay and possible long- term effects of SDB. Responses 
received suggest a lack of clarity regarding thresholds for 
referral for treatment of SDB. Likely contributory factors 
are concerns regarding a lack of long- term outcome data 
from treatment perceived to be onerous for the family, 
unsettling to some infants and delaying hospital discharge. 
To overcome inconsistencies in practice, standardised 
guidelines for assessing and managing SDB in neonates 
are needed.

BACKGROUND
Sleep disordered breathing (SDB) is increas-
ingly recognised as a cause of morbidity and 
prolonged hospital stay in neonates and 
young infants. SDB involves a spectrum of 
problems in neonates1; the most severe form 
is obstructive sleep apnoea (OSA), which 
causes obstructive events and associated 
arousals leading to impaired sleep quality and 
disturbances in both oxygen saturation and 
carbon dioxide (CO

2
).

Neonates with OSA often suffer recur-
rent oxygen desaturation and CO

2
 reten-

tion (type II respiratory failure). Previous 

studies have demonstrated an association 
between episodes of hypoxia and poor 
growth and long- term neurodevelopmental 
delay.2 SDB has been linked to several long- 
term adverse effects in children including 
hypertension,3 behavioural problems4 and 
impairment of cognition, attention and exec-
utive functions.5 6 Therefore, early identifica-
tion of high- risk infants is important so that 
treatment can improve quality of life and 
neurocognitive function.7 8 There is a gap 
in literature regarding SDB in neonates and 
its long- term outcomes. Piteo et al9 reported 
that infants who snored had lower cognitive 
scores compared with controls. In a study of 
33 infants with cleft lip/palate, Smith et al10 
reported that infants with more obstructive 
episodes had lower global behaviour scores at 
3 years of age. However, a couple of recent 
studies showed negative links between SDB in 
neonates and long- term neurodevelopmental 
outcomes.11 12

Neonates are more vulnerable to OSA due 
to number of reasons including anatomical 
considerations (small mid- face), obligate 
nasal breathing, immature respiratory control 
and predominance of rapid eye movement 
sleep state, which may exacerbate obstruction 
due to loss of muscle tone. In young children, 

What is known about the subject?

 ► Sleep disordered breathing (SDB) can have long- 
term effects in children if not treated.

 ► There is a lack of clear diagnostic criteria and thera-
peutic threshold in neonates and young infants.

What this study adds?

 ► Management practices for neonates with suspected 
SDB vary considerably.

 ► There is a lack of guideline for management, and 
decisions are mostly physician dependent.

 ► Higher level of evidence is needed to standardise the 
practices and care of this group of neonates.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-7099-9783
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjpo-2020-000979&domain=pdf&date_stamp=2021-02-19


2 Mehta B, et al. BMJ Paediatrics Open 2021;5:e000979. doi:10.1136/bmjpo-2020-000979

Open access

adenotonsillar hypertrophy is the principal cause of 
OSA. However, in infants, anatomical anomalies are the 
predominant cause like laryngomalacia, macroglossia, 
craniofacial disorders such as craniosynostosis (Crou-
zon’s disease, Apert syndrome and Pfeiffer syndrome), 
cleft palate and Pierre- Robin sequence, infants with 
mid- face hypoplasia (eg, Treacher Collins and Gold-
enhar syndromes) and with choanal atresia (CHARGE 
association).13–17 Low muscle tone is also an important 
predisposing factor, for example, in infants with Down 
syndrome, Prader- Willi syndrome or neuromuscular 
disorders.14

Polysomnography (PSG) remains the gold standard 
test to diagnose and quantify the severity of SDB. It uses 
a combination of measurements including electroen-
cephalogram, electro- oculogram for eye movements 
and submental electromyogram for muscle tone to 
characterise the sleep architecture. Respiratory func-
tion is assessed by nasal air flow, chest and abdomen 
movements, oximetry and transcutaneous CO

2
 level. 

In addition to that, heart rate, limb movements, audio 
sounds to detect snoring and video recordings are also 
monitored.

However, PSGs in infants can only be performed 
at specialised paediatric centre in consultation with a 
paediatric sleep physician. There is usually a prolonged 
wait time for admission in the accepting centre due to a 
combination of bed constraints and availability of sleep 
technicians to perform polysomnograms in the neonatal 
intensive care unit (NICU) which leads to longer hospital 
stay.

Overnight oximetry study has been used as a screening 
tool in children and adults; however, there are limited 
data in young infants. An oximetry study includes moni-
toring of heart rate, respiratory rate and oxygen satura-
tion. However, its sensitivity depends on the severity of 
SDB and the presence of more significant oxygen desat-
uration. Normal oximetry does not rule out SDB and 
therefore does not replace PSG. A high prevalence of 
movement artefacts also makes data interpretation chal-
lenging. A recent study showed good correlation between 
the desaturation index obtained from an overnight 
oximetry study to the Apnoea–Hypopnoea Index (AHI) 
obtained from PSG in young infants (<6 months) at risk 
of SDB.18

The exact prevalence of SDB in neonates is unknown. 
However, its recognition seems to be increasing.12 19 20 
Currently, in the absence of clinical guidelines, our expe-
rience in the largest surgical neonatal unit in New South 
Wales is that the approach to assessing a newborn with 
suspected SDB in both regional and tertiary settings 
varies significantly and in effect is largely driven by the 
experience of individual clinician.

Consequently, the aim of our study was to assess the 
knowledge and awareness of SDB in neonatologists 
and neonatal fellows working across Australia and New 
Zealand (NZ), and to determine their practices and 
referral criteria for sleep consultation.

METHODS
A questionnaire (online supplemental appendix 1) 
was devised in consultation with paediatric sleep physi-
cians, with questions tailored to suit the clinical picture 
of neonates seen in our practice. A pilot survey was first 
sent for feedback to four neonatologists, experienced in 
managing neonates with SDB who were excluded from 
the final survey. The final questionnaire had 17 multiple 
choice questions and respondents could pick one or 
more answers as necessary (free text was available for 
additional comments).

In the survey, we asked a series of questions to explore 
knowledge and practices of neonatologists regarding the 
management of neonates predisposed to SDB in various 
conditions including craniofacial anomalies, syndromes 
like Down and Beckwith- Wiedemann syndromes, neuro-
muscular disorders, functional anomalies of airway and 
in preterm infants with moderate–severe chronic lung 
disease. Symptoms were arranged in a Likert- type scale 
and respondents were asked to choose a level/symptom 
at which they would recommend oximetry or initiate 
referral for PSG. By asking about timing for referral for 
PSG, we were trying to ascertain timing for sleep consul-
tations as the PSG needs to be conducted and interpreted 
in specialised centres by the sleep physicians.

Patient and public involvement
Patients or members of the public were not involved in 
the design or conduct of the study.

Participants
This study was conducted in two phases. In the first 
phase, a web- based questionnaire was emailed to 232 
neonatologists and neonatal fellows working across 
Australia and NZ (contact information was taken from 
Australia and NZ Neonatal Network Directory 2017). 
The survey was created using the online software Survey 
Monkey. The email contained a paragraph explaining 
the study with a link to the survey. The survey was open 
for 8 weeks and two reminder emails were sent in this 
period. In the second phase, we approached neonatolo-
gists at the annual perinatal conference of Australia and 
NZ in 2019 to complete the survey. The identity of physi-
cians answering the questionnaire was kept confidential 
throughout the data collection, analysis and presentation 
of results.

No financial incentive was offered for taking part in 
the survey. Descriptive analysis was performed using 
Microsoft Excel, and data are presented as a number or 
percentage.

RESULTS
Seventy- three responses were received from the online 
survey, with a further 20 more responses in phase 2, 
making a total of 93 responses (40% response rate). The 
majority of responses (80%) were from neonatologists 
working in a major NICU (centres providing care for 
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high- risk newborns with complex and critical conditions 
and providing state- wide specialist services) and majority 
of them were working in a perinatal unit (67%).

A decision to refer for sleep consultation was taken 
by the neonatal consultant in almost all cases (96%), 
however the majority (86%) said that there is no protocol 
or guideline in the unit, hence this decision is based 
on an individual consultant’s opinion. The majority 

of respondents (60%) said that they had referred <4 
patients for sleep consultation in the last 12 months. 
Respondents were asked to identify clinical features that 
concerned them most about the possibility of SDB in a 
term newborn—obvious apnoea and desaturations after 
term gestation or multiple episodes of desaturation on 
overnight oximetry were the most common symptoms 
determining the referral (table 1).

Responses to the questions regarding management 
of different groups of high- risk neonates indicated that 
current practices are very variable. Results are described 
in figure 1. Practices for the use of oximetry studies also 
varied, from their use as a screening tool before refer-
ring for sleep consultation to how they are performed, 
and how the result is interpreted (table 2). The most 
common brand of oximeter used was Masimo. A signifi-
cant proportion (36%) of the respondents either did not 
know or did not reply to the question about the type of 
oximeter used in their unit.

DISCUSSION
In this survey of practices related to management of 
neonates at high risk for and/or with symptoms of SDB, 
we found considerable variations in screening, including 
the performance and interpretation of oximetry, and 
referral for PSG. In general, there was a shift towards PSG 
in infants with more severe symptoms. We suggest that 
there is high need for a standardised approach to the 

Table 1 Neonatologists’ practices about SDB in neonates

Responses N %

1. How many neonates have you referred for sleep 
consultation in the last 12 months?

  a. 0 18 19

  b. 1–3 38 41

  c. 4–6 6 7

  d. >6 31 33

2. Clinical features suggestive of significant SDB in a term 
newborn (multiple options could be selected):

  a. Bradycardia in the absence of apnoea or 
desaturation

17 18

  b. Apnoea and desaturations 64 69

  c. Multiple desaturations on overnight 
oximetry

62 67

  d. Desaturation during feeding 16 17

  e. All of the above 26 28

SDB, sleep disordered breathing.

Figure 1 Management practices of neonatologists based on severity of symptoms (Likert scale- type answer option)—graphs 
showing at which symptom/stage they will first choose doing oximetry or refer for PSG in different conditions predisposing 
neonates to SDB. PSG, polysomnography; SDB, sleep disordered breathing.
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management of infants with conditions associated with a 
high risk for and/or symptoms of SDB.

Apnoea and desaturations in a term baby were reported 
as the most common reasons for referral to a sleep physi-
cian. These events could be related to central apnoea 
due to immaturity of the central nervous system and 
occur commonly in healthy infants in all sleep stages.21 
The frequency of central apnoea decreases with age, and 
prolonged or significant central apnoea is rare after 1 
month of age.22 We included this question in our study 
as SDB in neonates is a spectrum of disorders which 
includes central apnoea.1 Our aim was to identify the 
referral pattern/threshold for referral to a sleep physi-
cian who can then decide about the need and timing 
for further investigation and management of apnoea 
whether central, obstructive or mixed.

Most respondents would perform oximetry before 
referring for sleep consultation. A large proportion 
(35%–40%) of neonatologists suggested that they would 
order an oximetry screening study even in an asymp-
tomatic high- risk neonate. This indicates that extended 
oximetry recordings are more commonly used in clinical 
practice to assess infants’ respiratory status. However, 
the duration of oximetry study varied from 6 to 24 hours 

and there was no consensus about what is considered 
abnormal on an oximetry study which is consistent with 
previous studies.23 24

Factors contributing to variations in clinical practice
An oximetry study can be used as a surrogate measure of 
airway obstruction.25 However, there are limited studies 
so far comparing oximetry profiles with PSG parameters 
in neonates.18 In addition to this, one paediatric study 
showed that there was variation in clinical interpretation 
leading to different management plans when the same 
study report was shown to different paediatricians.26 We 
conclude that in addition to the differences in oxime-
ters and analysis software available for use in neonatal 
units, a major problem with oximetry studies is the lack 
of consensus guidelines for interpreting neonatal/infant 
oximetry reports. We think oximetry can play an impor-
tant role in screening for moderate to severe OSA in 
high- risk infants and guide referral to a specialist centre 
for further evaluation. This will also help sleep physician 
and receiving hospital to prioritise their admission.

The levels for cut- off in various parameters in PSG to indi-
cate pathologically significant OSA in neonates are also 
still being defined and little is known about the long- term 

Table 2 Neonatologists’ practices about use of oximetry study in neonates

Responses N %

1. How often do you use an oxygen download study in your unit before referral to a sleep 
physician?

  a. Always 42 45

  b. Usually 13 14

  c. Sometimes 18 19

  d. Never 11 12

  e. Did not answer 9 10

2. What is the duration of an oxygen download study in your unit?

  a. 6 hours 9 10

  b. 8 hours 10 11

  c. 12 hours 33 35

  d. 24 hours 32 34

  e. Did not answer 9 10

3. What device do you use to record oximetry?

  a. Masimo 50 54

  b. Nellcor 9 10

  c. Not sure 16 17

  d. Did not answer 18 19

4. What is considered abnormal oxygen download study in your unit (what features in oximetry would prompt you to refer for 
sleep study):

  a. Saturation <90% for more than 5% of download 47 74

  b. Saturation <85% for more than 2% of download 12 13

  c. Saturation <80% for more than 1% of download 12 13

  d. Frequent bradycardia and/or desaturation 30 32

  e. Clusters of desaturations 26 28
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outcome of the condition. A standardised scoring guide-
line with criteria for analysis of PSG in young infants (<6 
months old) is available from the American Academy of 
Sleep Medicine (AASM).27–29 However, diagnosing SDB 
based on neonatal PSG remains challenging as normative 
data are not well established. Most of the previous studies 
of PSG involving infants have excluded neonates and/or 
used different criteria to define SDB such as, Respiratory 
Disturbance Index >5/hours of sleep30; Mixed Obstruc-
tive AHI >2/hours of sleep31; and OSA defined as AHI >2 
unless >25% of events were central.32 With many studies 
performed prior to the publication of AASM guide-
lines/criteria, the generalisability of their results to the 
neonatal age group is restricted.33 Nonetheless, together 
these studies30–32 report a much higher incidence of 
respiratory disturbances in young infants compared with 
older children. A recent study21 based on AASM criteria 
showed that healthy newborns have a wider range of both 
obstructive and central events and much higher AHI than 
older infants and children. Thus, applying current AASM 
paediatric thresholds would likely result in overtreatment 
of sleep apnoea in neonates. This creates significant clin-
ical dilemmas for neonatologists regarding when inter-
vention is necessary which is further compounded by the 
uncertainty regarding any causal linkage between SDB 
and abnormal neurodevelopmental outcomes.11 12

LIMITATIONS
The main limitation of this study was low response rate. 
Despite efforts to improve engagement, the response 
rate for our survey was only 40% which could indicate 
selection bias. However, as responses were obtained from 
individuals rather than a unit- based protocol survey, 
we believe the result to be reasonably representative of 
the entire region, especially because responses include 
representation from across Australia and NZ. We chose 
to target neonatologists individually as we believed that 
practices by different neonatologists within a single 
centre may be different.

Limited feedback suggested that several respondents 
found this topic too difficult, making them reluctant to 
complete the questionnaire. Non- respondent neonatolo-
gists potentially represent people who chose not to do it 
due to lack of knowledge or awareness about the condi-
tion. Based on the above and considering 80% of the 
neonatologists who responded were working in a major 
NICU, we suspected selection bias meaning participa-
tion from major centres and experienced neonatologists. 
Therefore, the results may represent the opinions of a 
group of neonatologists with a higher level of knowledge 
than would have been present in the broader community.

Multiple participants from limited number of centres 
may also bias the survey results. A significant proportion 

Figure 2 Suggested referral pathway for neonates suspected to have SDB. PSG, polysomnography; SDB, sleep disordered 
breathing.
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(15%–25%) of respondents were either not sure or 
did not reply to the questions related to the timing of 
doing oximetry or referring for PSG in different clin-
ical scenarios. Use of structured questions and answers 
can limit the ability of respondents to express their 
opinion. Providing more choices to respondents by 
giving them a free note option with each question can 
help in addressing this issue in future work. This could be 
achieved with a qualitative study of neonatologists’ opin-
ions on the assessment of SDB in the NICU.

In the present survey, we categorised the clinical 
features of SDB from being asymptomatic to having 
severe symptoms. The questions were designed to give 
the opportunity for clear answers. In reality, patients can 
present with combination of symptoms and signs such as 
oxygen desaturations with increased work of breathing 
which might make decision- making for the need for 
intervention easier for treating neonatologists.

We did not ask about the oximetry settings in this study. 
While this information would have been important, it was 
not a primary aim of the survey to specifically ask about 
oximetry practices. Furthermore, one- third of neonatol-
ogists could not even describe the type of oximeter used 
in their unit. Asking them about averaging times for data 
acquisition would have been even more challenging and 
likely raised further concerns about knowledge in this 
area.

CONCLUSION
This study has demonstrated a need to develop consensus 
guideline for screening and referring neonates with high 
risk for and/or symptoms of SDB. There is a need for a 
simple guide (figure 2) that would ensure a consistent way 
these high- risk neonates are managed in neonatal units 
throughout Australasia in an effort to decrease long- term 
morbidity and improve neurodevelopmental outcomes. 
Guidelines also need to take into account the specific 
condition considering the complexities and inter- related 
comorbidities of vulnerable infants in the NICU.

Future researchers should focus on:
 ► Developing a consensus guideline for the practice of 

neonatal oximetry studies for SDB including appro-
priate choice of device, settings and reporting format 
which are critical for interpretation.

 ► Identifying the prevalence of OSA in extremely low 
birthweight infants as they approach discharge and 
whether this is associated with prolonged need for 
supplemental oxygen.

 ► Identifying the consequences of SDB by correlating 
neonatal oximetry profiles and PSG with neurode-
velopmental outcomes through early childhood and 
into the school- aged population.
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