Trends in the use of non-invasive respiratory support
for term infants in tertiary neonatal units in Australia
and New Zealand
Brett J Manley  ,1,2,3 Adam G Buckmaster,4,5 Javeed Travadi,5 Louise S Owen  ,1,2,3
Calum T Roberts  ,6,7,8 Ian M R Wright,5,9,10 Peter G Davis  ,1,2,3
Gaston Arnolda,11,12 and the Australian and New Zealand Neonatal network (ANZNN)
For numbered affiliations see
end of article.
Correspondence to
Dr Brett J Manley, Department
of Newborn Research, The Royal
Women’s Hospital, Parkville,
Victoria, Australia;
brett.manley@thewomens.
org.a u
Received 24 November 2021
Accepted 17 March 2022
Published Online First
11 April 2022

© Author(s) (or their
employer(s)) 2022. No
commercial re-use. See rights
and permissions. Published
by BMJ.
To cite: Manley BJ,
Buckmaster AG, Travadi J,
et al. Arch Dis Child Fetal
Neonatal Ed
2022;107:F572–F576.
F572  

ABSTRACT
Objective To determine whether the use of non-
invasive respiratory support, such as continuous positive
airway pressure and nasal high flow, to treat term
infants in Australian and New Zealand tertiary neonatal
intensive care units (NICUs) has changed over time, and
if so, whether there are parallel changes in short-term
respiratory morbidities.
Design Retrospective database review of patient-level
data from the Australian and New Zealand Neonatal
Network (ANZNN) from 2010 to 2018. Denominator
data on the number of term inborn livebirths in each
facility was only available as annual totals.
Patients and setting Term, inborn infants cared for in
NICUs within the ANZNN.
Main outcome measures The primary outcome was
the annual change in hospital-specific rates of non-
invasive respiratory support per 1000 inborn livebirths,
expressed as a percentage change. Secondary outcomes
were the change in rates of mechanical ventilation,
pneumothorax requiring drainage, exogenous surfactant
treatment and death before hospital discharge.
Results A total of 14 656 term infants from 21 NICUs
were included from 2010 to 2018, of whom 12 719
received non-invasive respiratory support. Non-invasive
respiratory support use increased on average by 8.7%
per year (95% CI: 7.9% to 9.4% per year); the number
of term infants receiving non-invasive respiratory support
almost doubled from 980 in 2010 (10.8/1000 livebirths)
to 1913 in 2018 (20.8/1000). There was no change over
time in rate of mechanical ventilation or death. The rate
of pneumothorax requiring drainage increased over time,
as did surfactant treatment.
Conclusions Non-invasive respiratory support use to
treat term infants cared for in NICUs within the ANZNN
is increasing over time. Clinicians should be diligent in
selecting infants most likely to benefit from treatment
with non-invasive respiratory support in this relatively
low-risk population of term newborn infants. Analysis of
patient-level data by individual NICUs is recommended
to control for potential confounding due to changes in
population over time.

What is already known on this topic?
⇒ Modes of non-invasive respiratory support, such

as continuous positive airway pressure and
nasal high flow, are commonly used to treat
newborn infants with respiratory distress.
⇒ Early non-invasive respiratory support benefits
very preterm infants in whom the risk of
respiratory distress syndrome and its associated
mortality and morbidity is elevated.
⇒ Anecdotally, non-invasive respiratory support
is increasingly used to treat newborn infants
born at term who are more likely to have a less
severe respiratory illness.

What this study adds?
⇒ In Australian and New Zealand neonatal

intensive care units, non-invasive respiratory
support use to treat term newborn infants has
increased on average by almost 9% per year.
⇒ Rates of pneumothorax requiring drainage and
surfactant treatment also increased over time.

How this study might affect research,
practice or policy?
⇒ Unnecessary non-invasive respiratory support

use should be avoided; a period of observation
of newborn infants with mild respiratory
distress prior to commencing non-invasive
respiratory support may be prudent.
⇒ The rate of surfactant use has increased over
time, which requires further exploration,
especially given the uncertainty around
surfactant treatment for term infants with
respiratory distress.
⇒ We observed differences between individual
hospitals in many outcomes, especially in the
non-invasive respiratory support rate; local
auditing of practice may be important.

BACKGROUND

Modes of non-
invasive respiratory support, such
as continuous positive airway pressure (CPAP)
and nasal high flow, are commonly used to treat
newborn infants with respiratory distress.1–4 Most

evidence for non-invasive respiratory support use
comes from trials performed in tertiary neonatal
intensive care units (NICUs). However, studies
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have also demonstrated the benefits of non-invasive respiratory
support in non-tertiary special care nurseries.5 6
Early non-invasive respiratory support use has been shown
to benefit very preterm infants in whom the risk of respiratory
distress syndrome and its associated mortality and morbidity
is elevated.7 Anecdotally, however, non-
invasive respiratory
support is increasingly being used to treat newborn infants born
at term. These infants are more likely to have a self-limiting,
short-term respiratory illness such as transient tachypnoea of
the newborn, or mild respiratory distress syndrome, with low
morbidity and mortality.8 Previously, term infants receiving non-
invasive respiratory support may have been observed without
intervention, or treated with supplemental oxygen alone.9
A lower threshold for treating term infants with non-invasive
respiratory support might lead to earlier treatment with possible
clinical benefits, such as a faster recovery, and reduced need for
mechanical ventilation (MV) or exogenous surfactant therapy. In
non-tertiary centres, these benefits may translate into reduced
rates of transfer to a tertiary NICU. However, it is also possible
that increased use of non-invasive respiratory support in low-risk
infants might be detrimental by causing or prolonging separation of the infant from family or increasing the use of adjunctive
medical treatments.
The Australian and New Zealand Neonatal Network (ANZNN,
www.ANZNN.net) is a collaborative clinical network that monitors the care of high-risk newborn infants. The network includes
all tertiary NICUs across Australia and New Zealand. All infants
who are admitted to a participating unit during the first 28
days of life and meet one or more of the following criteria are
included in the ANZNN registry: born <32 weeks’ gestation;
birth weight <1500 g; received MV or non-invasive respiratory
support for ≥4 consecutive hours, or died while receiving MV
prior to 4 hours of age; received major surgery or received therapeutic hypothermia.

AIMS

To determine whether the use of non-invasive respiratory support
to treat term infants in Australian and New Zealand NICUs has
changed over time, and if so, whether there are parallel changes
in short-term respiratory morbidities.

METHODS
Data sources

The number of inborn term livebirths in each year from 2010
to 2018 was requested from each NICU participating in the
ANZNN registry. Separately, the ANZNN registry provided a
dataset for all term inborn infants born ≥37 weeks’ gestation who
met ANZNN criteria during the same period. Each NICU has an
audit officer who collects and checks the data before submission
into a central ANZNN database; accuracy of the data collection
is validated by data crosschecking by ANZNN data managers.
Individual patient data are available for each ANZNN-registered
infant; variables were defined according to the ANZNN data
dictionary (anznn.net/dataresources/datadictionaries).
Data from NICUs without a maternity unit (eg, children’s
hospitals), with no inborn registrants in 1 or more years, or
with no inborn liveborn data available for 1 or more years were
excluded.

Population of interest

Term inborn infants cared for in tertiary NICUs registered with
ANZNN.

Outcomes

Five outcomes available from the ANZNN database for 2010–
2018 were prespecified. The primary outcome was the annual
change in hospital-
specific rates of non-
invasive respiratory
support per 1000 inborn livebirths, expressed as a percentage
change. The modes of non-invasive respiratory support recorded
in the ANZNN database were CPAP and nasal high flow. Data
on specific settings, devices or interfaces (eg, CPAP mask or
prongs) were not available. Infants who had any exposure to
either CPAP or nasal high flow (for any length of time) were
included as having received non-invasive respiratory support;
this comprises infants with 4 or more hours of non-invasive
respiratory support if this is the only qualification for ANZNN
registration, and infants with any duration of non-
invasive
respiratory support if they qualified for ANZNN registration
for another reason (eg, mechanical ventilation, major surgery).
Secondary outcomes were the change in rates of MV (4 or more
hours, or <4 hours and died, of intermittent mandatory ventilation, intermittent positive pressure ventilation, high-frequency
oscillatory ventilation or CPAP by endotracheal tube), pneumothorax requiring drainage, exogenous surfactant treatment and
death before hospital discharge.

Statistical analysis

Data on the number of inborn livebirths and different subgroups
of registrants are described. Linear regression was used to assess
statistical significance of within-hospital change in number (eg,
annual number of term births) and logistic regression to assess
within-hospital change in rates (eg, change in non-invasive respiratory support rates over time). All analyses were performed with
the use of SAS software, V.9.4 (SAS Institute, Cary, North Carolina, USA). Average change in the annual number of births was
estimated using a linear mixed effects model (‘PROC MIXED’ in
SAS), to control for repeated measures by hospital, time as a fixed
effect and baseline as a random effect.10 Specifying hospital baseline as a random effect allows the model to treat each hospital
as if it has its own baseline rate in 2010, rather than assuming
that all hospitals have a common underlying baseline rate. For all
annual rates, overall change over time was estimated as a fixed
effect (‘PROC GLIMMIX’ in SAS, with a binomial distribution
and logit link function) with repeated measures by hospital, and
hospital baseline specified as a random effect. As the event rates
are rare (all <5%), the estimated event rates are presented as
rates/1000 term inborn livebirths and the estimated ORs are
interpreted as risk ratios,11 and change in rates is presented as
an annual percentage change, to simplify exposition. No formal
adjustment was made for multiple statistical comparisons.

RESULTS

The annual number of term inborn livebirths in the 21 hospitals ranged from 1618 to 7369, with a total of 754 054 over
9 years. The number was estimated to be increasing significantly
over time in seven hospitals, unchanged in seven and decreasing
significantly in seven. Overall, the estimated average change in
term inborn livebirths was +9.4 births/year (p=0.12; 95% CI:
−3.1 to 21.9).
There were 30 NICUs with a total of 28 110 ANZNN term
registrants in the period 2010–2018. We excluded 13 454 infants
who were either not clearly inborn or had been born in an ineligible NICU (figure 1), leaving 14 656 eligible registrants from
21 NICUs.
During 2010–2018, 14 656 (1.9%) of the term inborn
livebirths were registered with ANZNN. Of these ANZNN
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Figure 1 Selection of study population. NICU, neonatal intensive care
unit. ANZNN, Australian and New Zealand Neonatal Network.
registrants, 2.3% were from a multiple birth, 48% were born
by caesarean section, the mean (SD) gestational age was 38.9
(1.4) weeks and birth weight was 3406 (578) g, 62.0% were
males and 15.1% had a congenital anomaly (table 1). A total
of 12 719 infants received non-
invasive respiratory support
across the period 2010–2018; this included a small number
of infants (332, 2.6%) who received <4 hours of non-invasive
respiratory support (ie, infants who were eligible for registration
with ANZNN for a reason other than non-invasive respiratory
support) or in whom the duration of non-invasive respiratory
support was not recorded. The number of infants receiving

Table 1

Characteristic

No. with
data

Value

Maternal age (mean (SD))*

14 617

Years

Assisted conception in this
pregnancy? (n (%))*

14 274

Yes

519 (3.6)

Maternal antibiotics <48 hours
(mean (SD))*

13 065

Yes

2962 (22.7)

Plurality (n (%))

14 656

Multiple

Fetal distress? (n (%))

14 625

Yes

4427 (30.3)

Non-cephalic presentation (n
(%))

14 565

Yes

909 (6.2)

Vaginal

5249 (36.3)

14 477

Instrumental

2341 (16.2)

Caesarean
section

6887 (47.6)

14 656

Completed
weeks

38.9 (1.4)

Mode of delivery (n (%))
 
Gestation (mean (SD))†

Eligible
registrants
30.4 (5.8)

332 (2.3)

Weight (mean (SD))

14 656

Gram

Intrauterine growth restriction?
(n (%))

14 631

Yes

Sex (n (%))

14 652

Male

9085 (62.0)

0–3

2753 (18.8)

4–6

4015 (27.5)

7–10

7838 (53.7)

Apgar score at 1 min (mean (SD))
14 606
Apgar score at 5 min (mean (SD))

Secondary outcomes

Table 2 shows the results of change over time for the secondary
outcomes. There was no change over time in the MV rate
(p=0.66) or in death (p=0.39). Of the 397 deaths, 198 (49.9%)
were secondary to a congenital anomaly. There was some
evidence of increasing pneumothorax requiring drainage (4.0%

845 (5.8)

615 (4.2)

14 612

4–6

2433 (16.7)

Intubated at resuscitation? (n
(%))

14 642

Yes

1683 (11.5)

Congenital anomaly? (n (%))

14 649

Yes

2211 (15.1)

Age at admission (median (IQR))

14 634

Hours

11 564 (79.1)

1.0 (0.0–1.0)

*Collection is based on ANZNN registered infants, so some twin mothers will have
been counted twice.
†Calculated based on completed weeks only, as days not recorded for 1616 infants.
ANZNN, Australian and New Zealand Neonatal Network.
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Across the 21 NICUs, hospital-
specific rates of non-
invasive
respiratory support increased by 8.7% per year (p<0.0001; 95%
CI: 7.9% to 9.4% per year), from an estimated 10.8/1000 livebirths in 2010 to 20.8/1000 livebirths in 2018 (figure 3).
Nineteen of the 21 NICUs had a statistically significant
increase in non-
invasive respiratory support rates over time;
no NICU had a statistically significant decrease in non-invasive
respiratory support rates over time. The annual rate of non-
invasive respiratory support at individual NICUs ranged from
3.1 to 22.6/1000 livebirths in 2010 and from 9.7 to 40.9/1000
livebirths in 2018 (figure 3).

3406 (578)

0–3
7–10

non-invasive respiratory support almost doubled from 980 in
2010 to 1913 in 2018 (figure 2).

Primary outcome: rate receiving non-invasive respiratory
support

Characteristics of 14 656 eligible registrants

 

Figure 2 Type of respiratory support each year from 2010 to 2018.
CPAP, continuous positive airway pressure; ETT, endotracheal tube; MV,
mechanical ventilation; nHF, nasal high flow. *Includes some infants
that also receive ETT/MV.

Figure 3 Non-invasive respiratory support rate and average in 21
neonatal intensive care units; 2010–2018.
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Table 2

Secondary outcomes

Outcomes

No. (%)* infants
with outcome
2010–2018

Annual % change
(95% CI)

Mechanical ventilation

3371 (23.0)

−0.3% (−1.6 to 1.0)

0.66

Pneumothorax requiring
drainage

469 (3.2)

4.0% (0.3 to 7.7)

0.03

Surfactant use

750 (5.1)

7.8% (4.8 to 10.9)

<0.0001

Death

397 (2.7)

−1.7% (−5.4 to 2.2)

0.39

P value

*N=14 656 term inborn livebirths registered with ANZNN.
ANZNN, Australian and New Zealand Neonatal Network.

per year; 95% CI: 0.3% to 7.7% per year; p=0.03; increasing
from an estimated 0.49/1000 livebirths in 2010 to 0.66/1000
livebirths in 2018) and increasing surfactant use (7.8% per year;
95% CI: 4.8% to 10.9% per year; p<0.0001; increasing from
an estimated 0.66/1000 in 2010 to 1.21/1000 in 2018).

DISCUSSION

For inborn term infants cared for in Australian and New Zealand
NICUs, non-invasive respiratory support use is increasing. The
number of infants receiving non-
invasive respiratory support
in 21 NICUs increased from 980 in 2010 to 1913 in 2018, an
increase of >100 treated infants each year. Most received CPAP.
The drivers for clinicians to increasingly treat term newborn
infants with non-invasive respiratory support are unclear and
plausibly multifactorial. While we could not find any published
studies exploring this question, we hypothesise that the drivers
may broadly include: (1) the increased availability of devices that
can provide positive end expiratory pressure (PEEP) in both the
delivery room and neonatal unit. Once PEEP is being provided
in the delivery room, this may lead to a desire to continue its
provision into the neonatal unit. The abundance of devices, relative ease of use and perhaps a lack of written indications for use
in this population may also play a role; (2) unjustified generalisation of data across populations: it is possible that the known
benefits of non-invasive respiratory support for very preterm
infants, resulting in increased use, are being inappropriately
applied to the term infant population. There may be a fear that
not commencing non-invasive respiratory support early for an
infant with undifferentiated respiratory distress could result in
more severe disease; (3) individual unit practices and the distribution of medical and nursing resources: infants with respiratory
distress require close observation whether they are treated with
non-invasive respiratory support or not. Some postnatal wards
may not have the capacity to undertake frequent observations
and this may lead to admission to the neonatal unit (potentially
de-skilling of maternity unit staff and entrenching this practice),
where there is an assumption that infants are sick, and thus a
lower threshold for use of non-
invasive respiratory support.
There is also pressure on units to discharge infants as soon as
possible, so non-invasive respiratory support may be initiated
in the belief that this will lead to quicker resolution of symptoms and faster discharge without causing harm; (4) medical
staff experience and tolerance of signs of respiratory distress:
although we do not have data to support this, it is possible that
there is an acute increase in non-invasive respiratory support
every time there is a change in junior medical staff. It is also
possible that there are fewer senior medical staff who have had
experience caring for infants with respiratory distress in an era
when non-invasive respiratory support was not available.

In secondary analyses of a randomised trial of non-invasive
respiratory support modes conducted by our group in Australian
non-tertiary special care nurseries,6 we found that non-invasive
respiratory support treatment success (in this case nasal high
flow) was predicted by lower supplemental oxygen requirements prior to randomisation,12 and that the subgroup of infants
born ≥36 weeks’ gestation who were not receiving supplemental
oxygen at the time of randomisation (to either nasal high flow or
CPAP) had less severe illness than those receiving supplemental
oxygen, with low rates of treatment failure, MV and need for
transfer to a tertiary NICU.13 Potential risks and downstream
effects of non-invasive respiratory support use include admission
to a neonatal unit, separation of the infant from family and the
frequent use of concomitant intravenous fluids and antibiotics13;
thus, unnecessary non-invasive respiratory support use should be
avoided. A period of observation of newborn infants with respiratory distress prior to a decision to commencing non-invasive
respiratory support may be prudent, especially in those who do
not have a supplemental oxygen requirement.
If clinicians are commencing non-invasive respiratory support
earlier and more frequently with the intention to avoid surfactant and/or MV, our results indicate that this has not been
achieved. The rate of MV did not change, and there was strong
evidence that the rate of surfactant use increased over time,
which requires further exploration, especially in light of the
uncertainty around surfactant treatment for term infants with
respiratory distress.14 Of concern, the rate of pneumothorax
requiring drainage appears to have also increased over time;
the fact that these pneumothoraces were drained indicates they
were considered clinically significant. The overall rate of pneumothorax requiring drainage was 3.2% among eligible registrants across the 9 years of study (table 2). Given the plausible
association between early non-invasive respiratory support use
and pneumothorax in newborn infants,5 6 this is an important
safety issue that must be considered by clinicians when deciding
whether to commence non-invasive respiratory support in this
population.
Although not a prespecified aim of our study, we observed
differences between individual hospitals in many outcomes,
especially in the non-invasive respiratory support rate. In 2018,
there was a more than fourfold range in non-invasive respiratory
support rates per 1000 inborn livebirths in the 21 NICUs that
were examined, from 9.7/1000 to 40.9/1000. The presence of
substantial variation in practice raises questions as to whether
these can be attributable to differences in patient profile, clinical
or operational circumstances or reflects unjustified interhospital
variation in health system performance.15 Individual hospitals can explore their detailed datasets to explore patient-level
factors that were not available to the current study, as they have
access to individual data on each inborn infant, not just those
registered with ANZNN. Alternatively, groups of hospitals can
cooperatively audit performance.
There are several limitations of our study. The estimated
change in non-
invasive respiratory support use over time
does not include an unknown number of newborn infants
who receive <4 hours of continuous non-invasive respiratory
support; ANZNN registrants must receive at least 4 hours of
non-invasive respiratory support or meet another ANZNN registration criterion. Our lack of individual patient data for infants
not registered with NICUs means we were unable to determine if
the increase in the proportion of infants being treated with non-
invasive respiratory support reflected changes in the underlying
population at risk over time. For example, there may have been
differences in maternal characteristics such as the incidence of
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gestational diabetes, or there may have been a higher proportion
of inborn term infants that were ‘sicker’ (smaller, more immature, lower Apgar scores) due to improved antenatal referral to
tertiary centres, or other changes in practice such as the mode of
delivery. We were also unable to assess other potential benefits
or harms of non-invasive respiratory support use, as the data
were not part of the ANZNN database. For example, we could
not examine the effects of increasing non-invasive respiratory
support use on the use of intravenous fluids, antibiotics or effects
on breastfeeding rates.
invasive respiratory support
In conclusion, the use of non-
to treat term infants in NICUs in Australian and New Zealand
has increased over time, without any reduction in MV, and a
concomitant increase in pneumothorax requiring drainage and
surfactant use. Clinicians should be diligent in selecting newborn
infants most likely to benefit from treatment with non-invasive
respiratory support in this relatively low-risk population. Interunit variation warrants further exploration.
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