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ABSTRACT

Chronic neonatal lung disease (CNLD) is defined as
continued need for any form of respiratory support
(supplemental oxygen and/or assisted ventilation)
beyond 36 weeks PMA. Low-flow supplemental oxygen
facilitates discharge from hospital of infants with CNLD
who are hypoxic in air and is widely used despite lack
of evidence on the most appropriate minimum mean
target oxygen saturations. Furthermore, there are mini-
mal data to guide the home monitoring, titration or
weaning of supplemental oxygen in these infants. The
purpose of this position statement is to provide a guide
for the respiratory management of infants with CNLD,
with special emphasis on role and logistics of supple-
mental oxygen therapy beyond the NICU stay.
Reflecting a variety of clinical practices and infant com-
orbidities (presence of pulmonary hypertension, reti-
nopathy of prematurity and adequacy of growth), it is
recommended that the minimum mean target range for
SpO2 during overnight oximetry to be 93–95% with less
than 5% of total recording time to be below 90% SpO2.
Safety of short-term disconnection from supplemental
oxygen should be assessed before discharge, with

majority of infants with CNLD not ready for discharge
until supplemental oxygen requirement is ≤0.5 L/min.
Sleep-time assessment of oxygenation with continuous
overnight oximetry is recommended when weaning sup-
plemental oxygen. Palivizumab is considered safe and
effective for the reduction of hospital admissions with
RSV infection in this group. This statement would be
useful for paediatricians, neonatologists, respiratory
and sleep physicians and general practitioners manag-
ing children with CNLD.

Key words: bronchopulmonary dysplasia, oximetry, oxygen,

palivizumab, premature infant.

BACKGROUND

This position statement is developed by the working
party (the authors, chaired by Nitin Kapur) of the Pae-
diatric Special Interest Group (SIG) within the Thoracic
Society of Australia and New Zealand (TSANZ). The
working party was formulated by seeking expression of
interest (EOI) during the Paediatric SIG meeting at the
TSANZ annual scientific meeting (ASM) in April 2018.
The working party was selected based on EOI received
as well as consideration for geographical representation
and inclusion of nursing representative. Once the
working party was selected, each author was allocated
one section of the position statement for literature sea-
rch and drafting. The initial draft of the position state-
ment was presented to the Australasian Paediatric
Respiratory Medical Group (APRMG) at the TSANZ
ASM in March 2019. This group suggested inclusion of

Correspondence: Nitin Kapur, Department of Respiratory and

Sleep Medicine, Queensland Children’s Hospital, Level 5a,

501 Stanley Street, South Brisbane, Brisbane, QLD 4101,

Australia. Email: nitin.kapur@health.qld.gov.au

*This document was reviewed by the TSANZ Clinical Care

and Resources Subcommittee and recommended to the TSANZ

Board for endorsement. The TSANZ Board of Directors

endorsed this position paper on 27 March 2020.

Received 2 April 2020; invited to revise 7 May 2020; revised

16 May 2020; accepted 21 May 2020

Handling Editors: Philip Bardin and Paul Reynolds

© 2020 The Authors.

Respirology published by John Wiley & Sons Australia, Ltd on behalf of Asian Pacific Society of Respirology.

Respirology (2020) 25, 880–888

doi: 10.1111/resp.13876

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use,

distribution and reproduction in any medium, provided the original work is properly cited and is not used for commercial purposes.

https://orcid.org/0000-0002-8423-0596
https://orcid.org/0000-0002-8423-0596
http://creativecommons.org/licenses/by-nc/4.0/


sections on caffeine and diuretics and exclusion of sec-
tion on pulmonary hypertension. The recommenda-
tions on RSV prophylaxis were also agreed upon at this
meeting. A revised manuscript was circulated to the
entire working group including a consumer representa-
tive, and all suggestions included. From October to
December 2019, the position statement was reviewed
by four reviewers allocated by the TSANZ and their rec-
ommendations were included in the revised draft. The
revision was then endorsed by the Clinical care and
Resources Subcommittee of the TSANZ and was given
a final approval by the TSANZ board in April 2020. The
document would be due for review in 2025.

INTRODUCTION

Chronic neonatal lung disease (CNLD) is the most com-
mon complication of preterm birth, estimated to affect
30–40% of very low birth weight infants.1 Home-based
low-flow supplemental oxygen therapy has been widely
recommended2 and accepted as a successful approach
to facilitate earlier discharge of these infants and reduce
healthcare costs.3 Despite its increasing use over the last
40 years, there remains considerable variation and little
objective evidence to guide the use of long-term supple-
mental oxygen therapy in infants with CNLD. This posi-
tion statement provides a guide for the respiratory
management of preterm infants with CNLD, with spe-
cial emphasis on role and logistics of supplemental oxy-
gen therapy beyond the early neonatal period.

DEFINITIONS AND CLINICAL
FEATURES

While CNLD is the most common chronic lung disease
of infancy, there remains considerable controversy
regarding its definition. Terms such as chronic lung
disease, chronic lung disease of prematurity and most
commonly bronchopulmonary dysplasia (BPD) have all
been used interchangeably in literature to describe a
similar spectrum of clinical state in preterm infants
requiring respiratory support. For the purpose of this
position paper, an infant who has a continued need for
any form of respiratory support [supplemental oxygen
and/or assisted ventilation which includes high-flow
oxygen, continuous positive airway pressure (CPAP) or
mechanical ventilation] at 36 weeks post-menstrual age
(PMA) is defined as having CNLD.4 Of this group, the
subgroup born at ≤32 weeks gestation would classify as
having BPD, based on the commonly used definition of
need for treatment with supplemental oxygen for at
least 28 days.5 Severity of BPD is assessed at 36 weeks
PMA: mild BPD is defined as breathing room air, mod-
erate BPD as a fraction of inspired oxygen (FiO2)
requirement of less than 0.3 and severe BPD as a FiO2

requirement of more than 0.3 and/or positive pres-
sure.6 CNLD and BPD are unusual in that these are dis-
eases defined by their treatment rather than their
pathophysiology. This definition is problematic as it
can be significantly affected by the treating physician’s
preferences. In addition, the increasing use of CPAP
and high-flow nasal cannula air in nurseries means

that many infants are receiving respiratory support at
36 weeks gestation, but not oxygen, further clouding
the definition. Variations in definition of BPD and in
oxygen treatment practice can therefore lead to marked
variations in the rate of BPD diagnosis.7 Jensen et al.
recently evaluated 18 pre-specified severity graded def-
initions of BPD and proposed three grades of BPD:
grade 1, nasal cannula at flow rate ≤2 L/min; grade
2, nasal cannula at flow rate >2 L/min or non-invasive
positive airway pressure; and grade 3, invasive
mechanical ventilation.8

More recently, the need to develop a pathophysio-
logical rather than treatment-based definition of BPD
has been identified.9

PATHOPHYSIOLOGY

The vast majority of CNLD occurs secondary to BPD.
BPD is caused by prolonged positive pressure ventila-
tion (barotrauma and/or volutrauma) and supplemen-
tal oxygen in the newborn period resulting in airway
and vascular remodelling leading to airflow limitation.
Premature infants are particularly at risk but CNLD, as
distinct from BPD, can occur in term neonates who are
at risk because of other pulmonary factors including
congenital diaphragmatic hernia and pulmonary hypo-
plasia, oligohydramnios-associated pulmonary hypo-
plasia, aspiration or persistent pulmonary hypertension
of the newborn.5 Other risk factors for CNLD include
presence of patent ductus arteriosus, infection/sepsis
including chorioamnionitis and possible genetic predis-
position (SPOCK2 gene).10,11 Inflammation and oxida-
tive stress are also thought to play a role.12,13

As neonates have begun to consistently survive at
increasingly younger gestational ages, the clinical syn-
drome and underlying aetiology of CNLD has changed.
In surfactant-treated extremely low birth weight infants
(birth weight < 1000 g), the primary histopathological
finding of CNLD is arrested or disrupted alveolar and
microvascular development of the peripheral lung. The
lungs in infants with CNLD are characterized by
reduced number of simplified, larger alveoli with dis-
tortion of capillaries14 and therefore decreased surface
area for gas exchange. Pulmonary vasculature is abnor-
mal, typified by abnormal distribution and hypertrophy
of pulmonary arteriole smooth muscle which,
depending upon the severity, can result in pulmonary
hypertension.5 Interstitial oedema can also occur. In
comparison, neonates diagnosed with BPD in the pre-
surfactant era, managed with high-pressure ventilation
and requiring higher FiO2, had lung damage where
neutrophilic inflammation and fibrosis were the key
defining features.6 Although these elements can some-
times still occur in severe cases of CNLD, they no lon-
ger represent classical features.

DEMOGRAPHY AND EPIDEMIOLOGY

CNLD is the most common form of chronic lung dis-
ease in infancy, occurring in up to 20% of infants with
respiratory distress syndrome. The 2017 report from
the Australian New Zealand Neonatal Network
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(ANZNN)4 identified that the incidence of CNLD is
highest in babies born less than 27 weeks gestation
with 61% of babies born less than 24 weeks who sur-
vived to day 28 and requiring respiratory support were
discharged on home oxygen. While the incidence of
CNLD decreases with gestational age, at 30 weeks ges-
tation, 12% of infants are reported subsequently to
manifest chronic lung disease.
Supplemental oxygen is used in neonatal intensive

care units (NICU) for over 95% of infants born before
28 weeks gestation in Australia and New Zealand.
The proportion of preterm infants being discharged

on home oxygen therapy varies widely between neona-
tal units and is largely dependent on target oxygenation
strategies. The 2017 ANZNN report describes that some
17% of infants born prior to 30 weeks gestation who
survived to require respiratory support at day 28 were
discharged on home oxygen.

INDICATIONS AND GOALS OF
SUPPLEMENTARY OXYGEN THERAPY
BEYOND THE NICU STAY

The goal of treatment of CNLD with supplemental oxy-
gen at home is to facilitate safe early discharge and
reduce the effects of long-term hypoxia. Hypoxaemia
may occur in infants with CNLD during sleep despite
normal oxygen saturation when awake,15 with potential
adverse effects on many body systems.16,17 Sleep-
related hypoxaemia has been associated with reduced
left and right ventricular ejection fraction18 and abnor-
mal autonomic control of heart rate.19 Infants with
CNLD are at increased risk of pulmonary hypertension
due to structural changes in the lung20 and hypoxia-
induced pulmonary vasoconstriction may exacerbate
this.21 Supplemental oxygen is a mainstay of treatment
of pulmonary hypertension associated with CNLD,22 to
reverse hypoxia-induced vasoconstriction.23,24 Time
spent below 90% has also been associated with
increased airway resistance,15 a finding that is likely
bidirectional, with hypoxia potentially worsening bron-
chial constriction, further exacerbating the abnormal
lung mechanics of CNLD.25

Infants with CNLD are also at increased risk for cen-
tral sleep-disordered breathing, with recurrent central
apnoeas and periodic breathing.26 Supplemental oxy-
gen stabilizes the respiratory pattern, reducing central
apnoeas and episodes of periodic breathing. Oxygen
also promotes improved nutrition and somatic
growth.27 Despite the difficulties in gaining evidence
for the benefits of avoiding hypoxia in developing
infants, recommendations reasonably make the
assumption that a hypoxic infant may lack the energy
to learn and develop optimally, with supplemental oxy-
gen enhancing physical activities that promote
development.28

In addition to these benefits of supplemental oxygen
on physiological processes and functioning, the avail-
ability of supplemental oxygen for home use also facili-
tates earlier discharge of infants from hospital, thereby
limiting their exposure to the risks of prolonged hospi-
talization and promoting parent–infant bonding and
integration of the infant into family life.29,30 Earlier

discharge also reduces healthcare costs,31 although this
impact is difficult to measure: supplemental oxygen at
discharge is associated with longer hospital stay, noting
that infants with more severe lung disease and a more
complicated clinical course are at risk for both a pro-
longed hospital stay and the use of supplemental oxy-
gen at discharge.32,33

TARGET OXYGEN SATURATION
LEVELS

While arterial PaO2 measurement is considered critical
to assess hypoxia in adults, oxygen saturation mea-
sured by pulse oximetry remains the most widely
accepted form of oxygen assessment in infants. Median
baseline saturation in healthy term infants during the
first year of life is 97–98%, with less than 5% of healthy
infants spending >4% of the time at SpO2 < 90%.34–36

During sleep, the mean SpO2 is reported to be margin-
ally less at 96.3% (±1.3%).37 In contrast, preterm
infants, even at term-corrected age, tend to spend a
significantly higher proportion of time <90% SpO2 (9%
in one cohort of ex-preterm infants born
<29 weeks).38,39

A review of the literature found no study showing a
conclusive proof of the optimal target saturation post
discharge in children born preterm on several out-
comes. An observational study of 63 infants with BPD40

reported a significant reduction in weight gain when
oxygen therapy was ceased in a subgroup of 14 infants
who had desaturations of 88–91% for more than 1 h on
an overnight oximetry on room air.
There is more robust evidence available on what

possibly is an appropriate SpO2 level in early neonatal
period in the preterm infant. The Benefit Of Oxygen
Saturation Targeting (BOOST) 1 trial randomly allo-
cated 358 infants of <30 weeks gestation into two target
SpO2 levels (91–94% vs 95–98%) from 32 weeks PMA.41

No difference in growth or neurodevelopmental out-
comes was seen at 12 months between the two groups,
although those in the higher saturation target group
understandably had longer median length of oxygen
therapy post randomization (40 vs 17.5 days) and fre-
quency of home oxygen therapy (30% vs 17%).
A more recent multicentre study (BOOST 2 trial)42

included 2448 neonates of <28 weeks gestation from
the UK, Australia and New Zealand and randomly allo-
cated them within 24 h of birth into lower (85–89%)
versus higher (91–95%) target SpO2 levels. The study
was stopped early when the interim analysis showed
significantly higher rate of death at 36 weeks PMA in
the lower saturation group. Tarnow-Mordi and Kirby43

recently reviewed 23 publications from 2011 to 2019
discussing randomized trials of oxygen saturation tar-
gets of 85–89% versus 91–95% infants below 28 weeks
gestation. Of the 18 commentaries or consensus state-
ments, 17 recommended saturation targets above 89%.
Five systematic reviews reported that the 85–89% target
increased mortality but not the composite of death or
disability.
Although baseline (or mean) SpO2 is routinely used

as a marker of oxygenation (and hence need to initiate
and/or continue supplementary oxygen), desaturation
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events (variably defined as 4–10% drop in SpO2 from
baseline) can often result in continuation (and in some
cases initiation) of supplemental oxygen in this group
of infants. While data on preterm infants are limited,
recent normative data44 in term infants indicate that
infants at 1 month of age have desaturations of 4% or
greater (DI4) at a mean of 16 times/h, with average
minimum saturation of 80%. In the same study, the
DI4 improved to mean of 8.12 at 3–4 months of age. It
is unclear if these intermittent desaturations are of clin-
ical significance, and hence it is difficult to base treat-
ment recommendations on these results, particularly in
preterm infants.
Also, whilst SpO2 levels either below or above target

may be associated with adverse effects, in infants of
post-term corrected age, being below target is of greater
concern owing to less vulnerability to the ophthalmolog-
ical and pulmonary adverse effects of hyperoxia.
Overall, while there is limited direct evidence on the

most appropriate saturation levels in this group of
infants, by extrapolating the data from normative term
infant,34–36 one observational study40 and BOOST 1 and
241,42 studies, it may be concluded that SpO2 above
95% is probably unnecessary and those below 90% are
likely associated with adverse clinical outcomes. Our
recommendation is to target a minimum mean SpO2

level of 93–95% in infants with CNLD, as measured by
continuous overnight oximetry with less than 5% of
total recording time to be below 90% SpO2. We under-
stand that our suggestion of using a minimum cut-off
value of 90% SpO2 is based on low-grade evidence but
is consistent with the British Thoracic Society (maintain
SpO2 ≥ 93% and < 5% of time below 90%)36 and
European Respiratory Society (ERS) (maintain mini-
mum SpO2 of 90%) guidelines.45 Similar minimum
cut-off value of 93% suggested in the recent American
Thoracic Society (ATS) guidelines (< 5% recording time
to be ≤ 93% SpO2)

46 are also based on low-grade evi-
dence. We feel that the lower cut-off value will require
fewer infants to be discharged on home oxygen, reduc-
ing financial and emotional burden without increasing
the risk of compromising patient outcomes.

PRACTICAL CONSIDERATIONS FOR
HOME OXYGEN

Hospital discharge is uncommon in most parts of Aus-
tralasia until the infant has an oxygen requirement of
≤0.5 L/min.47 Supplemental oxygen is delivered via nasal
cannula and at oxygen flows ≤0.5 L/min humidification
is rarely required. An oxygen concentrator may be
viewed as a cheaper and reliable alternative for deliver-
ing oxygen in the child’s bedroom. However, they are
noisy, not mobile and the direct cost to the family for
the electricity required should be considered. Portable
oxygen cylinders are needed in addition to a concentra-
tor to allow outings from the house36,47 and for power
failures. A large cylinder (4200 L) usually lasts for
11 days of continuous use on oxygen flow of 0.25 L/min
and a portable cylinder (400–470 L) lasts 24 h at the
same flow. Standard tube length is 10 m plus 1.5 m on
the nasal prongs. Accurate flow cannot be guaranteed if
multiple lengths of tubes are connected. Low-flow

regulators for home use vary across companies and have
variable starting flow rates, some as low as 0.02 L/min.
All have variability listed as ±10%. Conserving devices
that are used to provide intermittent flow and deliver
pulsed oxygen are considered unsuitable for neonatal or
paediatric use. State funded programmes generally meet
the cost of supplemental oxygen therapy in Australia
and New Zealand. Home caregiver education should
address the risks associated with smoking and open
flames near the oxygen source.

MONITORING PERI-DISCHARGE AND
AT HOME

Oximetry, measuring the ratio of oxyhaemoglobin to
total haemoglobin, is the mainstay of monitoring.
Newer oximeters have circumvented problems with
movement artefact using adaptive filters.48 These
reduce noise and extract the arterial signal from the
venous signal to more accurately report arterial oxygen
saturations.39 Spot saturations must not be used to
wean oxygen as periods of hypoxia that occur with
sleep, activity and feeding would be missed.2,48 A con-
tinuous recording of SpO2 overnight, preferably for
more than 6 hours, gives clinically useful
information.2,39

The use of the ‘Air Test’ prior to discharge is
favoured by some units in order to establish risk in
case oxygen is inadvertently discontinued at home.
Infants are assessed prior to discharge to determine if
they can maintain an SpO2 > 80% during disconnection
from supplemental oxygen over 4 hours.49 Shorter
periods of oxygen saturation monitoring in air, typically
up to 30 min, are used for monitoring readiness for dis-
continuation of supplemental oxygen prior to discharge
or in outpatient clinic reviews.49,50 Whilst there is no
clear consensus on optimal oxygen profiles in air tests
during outpatient reviews through infancy, targeted
mean SpO2 of 93–95% with a minimum SpO2 of
88–90% in air is considered broadly acceptable. Routine
monitoring with an oximeter at home is not
recommended.
Overnight polysomnography provides information

on carbon dioxide profile, respiratory rate, work of
breathing and the presence of central and obstructive
apnoea in addition to oxygen saturations.17 This test
may be considered when obstructive sleep apnoea
(OSA) or significant central sleep-disordered breathing/
hypoventilation is suspected such as in syndromic chil-
dren, children with craniofacial anomalies and with
associated neurological problems. Follow-up poly-
somnography may also be considered in an infant who
does not follow the expected clinical course of progres-
sive respiratory improvement.

WEANING OFF HOME
SUPPLEMENTAL OXYGEN

There is no available evidence to guide the titration or
weaning of supplemental oxygen in infants. However,
the prevailing principle is to maintain the child within
the SpO2 targets whilst recognizing changes in their

Respirology (2020) 25, 880–888 © 2020 The Authors.

Respirology published by John Wiley & Sons Australia, Ltd on behalf of Asian Pacific Society of Respirology.

Management of Infants with CNLD 883



underlying disease status (usually improving CNLD,
maturity and size). The need to wean oxygen therapy
over the first months of life is guided by the severity of
lung disease and the presence of comorbidities, partic-
ularly retinopathy of prematurity, pulmonary hyperten-
sion and poor growth trajectory.2 CNLD severity
generally improves over time with lung growth and
improved respiratory function. Respiratory control also
matures resulting in fewer respiratory pauses/intermit-
tent desaturation. Alternatively, premature infants are
vulnerable and may suffer additional respiratory insults
such as intercurrent respiratory infections, leading to
worsening respiratory function. With growth metabolic
requirements increase, potentially leading to higher
supplemental oxygen requirements. The weaning rec-
ommendations are given in Box and Figure 1.

FITNESS TO FLY

Cabins of commercial aircrafts are pressurized to an
equivalent of 1500–2400 m altitude, which equates to
15–17% inspired oxygen. Infants with CNLD with nor-
mal SpO2 in air may have clinically significant
desaturation at this lower FiO2 and flight assessment is
recommended in infants who have required supple-
mental oxygen in the 6 months preceding any air
travel. This can be simulated in a respiratory laboratory
with the infant and parent seated in a body plethysmo-
graph, where inspired oxygen is diluted with nitrogen

to reduce the FiO2 to about 15%. A fall in SpO2 below
85% during 20 min of experimental hypoxia is an indi-
cation for either delaying the air travel or providing
supplemental oxygen to the infant in flight.51 The dose
of supplemental oxygen required to normalize SpO2 at
altitude can be determined during the test. If such a
test is not readily accessible, supplemental oxygen
should be doubled from the usual dose used at sea
level or 0.25 L/min can be provided for the flight for
infants who have ceased oxygen therapy in the preced-
ing 6 months.

DIURETICS

Diuretics are the most commonly used medications in
the management of established BPD. The degree of
free lung water has been correlated with the severity of
BPD,52 and hence form the basis for using diuretics in
this group. Long-term use of diuretic therapy was stud-
ied in 43 oxygen-dependent BPD infants in a random-
ized double-blind, placebo-controlled study. Those on
diuretics had a significant improvement in respiratory
scores, lung mechanics and FiO2 used but this did not
translate into decreased duration of oxygen supple-
mentation.53 While a large meta-analysis on pre-term
infants with CNLD also did show some improvement
in pulmonary mechanics with chronic administration
of diuretics, the authors suggested that the number of
infants studied were small, with most studies from the

BOX 1. Oxygen weaning recommendations beyond the neonatal intensive care
unit (NICU)

1 SpO2 is to be maintained within age appropriate targets over time.
2 SpO2 should be assessed by overnight oximetry in the days prior to discharge and have the first clinical

review in a 4–6 week window.
3 Thereafter, SpO2 is recommended to be reassessed on a 4–8 weekly basis to ensure adequacy of the

supplemental oxygen and allow weaning or increasing as appropriate. In the (rarer) older infant on longer
term supplemental oxygen, less frequent monitoring may be appropriate.

4 Twenty-four hour oxygen therapy is usually recommended. Some older infants may not tolerate day-
time supplemental oxygen and compromising to sleep oxygen therapy may be appropriate to maximize the
number of hours per day at target SpO2.

5 Supplemental oxygen for infants is usually prescribed in steps including 0.5 (1/2), 0.25 (1/4) and 0.125
(1/8) L/min. In some centres, lower flow rates may be available and appropriately utilized.

6 In general, an overnight oximetry study should be performed on the current prescription first. If a previ-
ous oximetry on this flow was recent and found to be at or above target, it may be appropriate to go straight
to an assessment on a lower prescription

• If the oximetry result meets SpO2 targets (mean 93–95% and less than 5% of time below 90%), the cur-
rent prescription should be continued.

• If the oximetry result is below target (mean SpO2 < 93% and/or more than 5% of time below 90%),
the prescription ought to be increased a step and the oximetry repeated. If deterioration is not expected,
the reason behind the deterioration should be explored.

• If the oximetry result exceeds target (mean SpO2 > 95%), then the prescription ought to be reduced a
step and the oximetry repeated.

• Oximetry studies ought to be repeated as mentioned above until the infant’s current appropriate pre-
scription (or stability in room air) is identified. In some settings, this may be done as a single night’s ‘titra-
tion’ study investigating multiple doses of oxygen on a single night.

7 Whilst SpO2 targets are the main guide, note also ought to be taken of the infant’s overall clinical pic-
ture including work of breathing, feeding, growth and any co-morbid cardiac disease.

8 Oxygen can be discontinued when target saturation is achieved without it.
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pre-surfactant era. Furthermore, there were no trials
that demonstrated a reduction in length of stay, dura-
tion of mechanical ventilation or duration of supple-
mental oxygen in this group.54 On the basis of these
data, no recommendation can be given on suitability of
long-term diuretics therapy in infants with
established BPD.

CAFFEINE

Apnoea of prematurity (AOP) is a common develop-
mental disorder with an incidence that increases with
decreasing gestational age.55 Caffeine therapy poten-
tially works in AOP via several mechanisms including
enhancing sensitivity to carbon dioxide via adenosine
antagonism, improving diaphragmatic contractility and
increasing muscle tone.56,57 While discussion on the
role of caffeine in early neonatal period for prevention
of BPD and treatment of AOP is outside the scope of
this position statement, its use has been suggested as a
treatment option for persistent apnoeas/hypopnoeas
beyond term-corrected age. A randomized trial of early
(34–37 weeks PMA) versus late cessation (40 weeks
PMA) of caffeine therapy in preterm infants reported
that prolonged therapy resulted in fewer episodes of
intermittent hypoxia and more time at goal satura-
tion.58 There are currently no data on the role of caf-
feine in reduction of length of supplemental oxygen
therapy beyond term-corrected age.

RSV PREVENTION

Ten percent of infants born <32 weeks gestation
require hospital admission with RSV infection. Most
with CNLD require a temporary increase in supple-
mental oxygen, and some require supported feeding,
high-flow nasal oxygen or admission to intensive care
unit (ICU). Intubation and mechanical ventilation are
rarely required.
The data on the use of palivizumab for CNLD come

principally from the Impact-RSV trial (1998), a random-
ized, placebo-controlled trial of 1002 infants born

<32 weeks gestation, who were <6 months old or who
also had CNLD but were <2 years old.59 Use of pal-
ivizumab resulted in 39% reduction in RSV-related hos-
pitalization in this group, with a 56% reduction in ICU
admission.
Palivizumab is the only TGA (Australia) and Medsafe

(New Zealand) licensed anti-RSV preventative therapy.
It is delivered by intramuscular injection (15 mg/kg) on
a monthly basis. Each injection of palivizumab cost �A
$1750. Palivizumab is not funded by the PBS
(Australia) or PHARMAC (New Zealand). Australian
and New Zealand practice varies with some centres not
using palivizumab at all for infants with CNLD, others
using it selectively for patients with CNLD who also
have other risk factors for RSV hospitalization, such as
congenital heart disease or pulmonary hypertension.
Recommendations for its use are outlined in Box 2.

Figure 1 Oxygen weaning

recommendation.

BOX 2. Recommendations for use of
palivizumab

1 Palivizumab is safe and effective for the
reduction of admissions to hospital with RSV
infection in preterm infants with CNLD. Mortal-
ity from RSV infection is extremely low and
there is no evidence of palivizumab reducing
mortality from RSV infection in preterm infants
with CNLD. As such, no firm recommendations
for the use of palivizumab can be made.
2 Palivizumab is also effective at reducing hos-
pital admissions with RSV infection in infants
with congenital cardiac disease. This may justify
the use of palivizumab for infants with CNLD
and congenital cardiac disease or pulmonary
hypertension.
3 Local epidemiology of RSV infection will
determine the months to administer. Given that
at least 50% of infants with CNLD will be
infected by the end of the first RSV season, pal-
ivizumab is only indicated for use amongst pre-
mature infants with CNLD in their first winter.
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LONG-TERM OUTCOMES OF CNLD

The long-term outcomes of preterm birth, both with
and without BPD, have been extensively reviewed.14

BPD has been shown to be associated with ongoing
abnormalities in childhood including increased respira-
tory symptoms, reduced lung function and abnormal
lung structure on imaging. A recent meta-analysis of
more than 50 studies has demonstrated that children
with a history of BPD have a 16% lower forced expira-
tory volume in 1 s (FEV1) during childhood than chil-
dren born at term.60 Recent longitudinal studies
suggest that lung disease during childhood and young
adulthood is ongoing in survivors of preterm birth with
BPD, with tracking of lung function below normal
levels or even progressive decline.61,62 There is no evi-
dence that oxygen supplementation influences or
improves long-term respiratory outcomes or whether
the positive effects of oxygen supplementation seen in
infancy translate to better long-term outcomes.
While there is some evidence that episodes of hyp-

oxia during the neonatal period can be associated with
poorer neurodevelopmental outcomes at 18 months,63

a recent meta-analysis of five trials involving almost
5000 infants, comparing higher and lower oxygen target
saturations, revealed no differences in rates of major
disability at 18–24 months.64 Long-term follow-up of
these infants would present a unique opportunity to
determine whether there are neurocognitive benefits to
oxygen supplementation. Currently, however,
neurocognitive benefits from oxygen supplementation
in infants with BPD remain putative. Moreover, neona-
tal care is ever changing and there is a need to evaluate
newer cohorts longitudinally to truly understand out-
comes in current population of preterm infants.
In conclusion, safe target SpO2 for preterm infants

post discharge still remains unclear. It seems judicious
to avoid lower saturations to avoid mortality and possi-
ble morbidity of chronic hypoxia. The summary of this
position statement is outlined in Box 3. Future research

should address the long-term outcomes for oxygen sat-
uration targets during early infancy and identification
of best practice for weaning and discontinuation of
home oxygen therapy in infants with CNLD.
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