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Abstract

Aims: In infants with chronic neonatal lung disease (CNLD), we aimed to identify predictors of home oxygen duration,
predictors of discharge oxygen flow rates and the association of oxygen flow rates with respiratory outcomes.

Methods: Retrospective review of infants with CNLD requiring home oxygen in 2016 and 2017. Hazard ratios (HR) were
estimated from Cox proportional hazards regression models in the cohort. A multinomial logistic regression model examined
the effects of maternal and infant variables on discharge oxygen flow rates. Kruskal-Wallis test with univariate linear regression
and Fisher’s exact test with binomial univariate logistic regression were used to examine associations between oxygen flow
groups and post-discharge clinical variables.

Results: 149 infants were included. Median corrected gestational age (CGA) at oxygen cessation was 6.8 months (IQR 4.4)
with 87.2% of infants weaned by 12 months CGA. Shorter initial neonatal intensive care unit (NICU) stay predicted faster
oxygen weaning at 9 months (HR 0.99, 95%CI 0.98-1.00, p=0.02) and 12 months (HR 0.99, 95%CI 0.98-1.00, p=0.02). Infants
with hypercarbia at discharge or discharged from NICU at higher CGA had higher odds of requiring [?]200mL/min relative to
[?]125 mL/min oxygen. Infants discharged with >250mL/min oxygen were more likely to have a respiratory related admission
before two years chronologic age.

Conclusion: Shorter initial NICU stay was the best predictor of earlier home oxygen cessation. At NICU discharge, infants

with hypercarbia or a higher CGA may require more home oxygen and experience more respiratory related hospital admission

in the first two years of chronological age.

MAIN TEXT

Introduction

Chronic neonatal lung disease (CNLD) is defined clinically as a need for supplemental oxygen therapy or
positive pressure support at 36 weeks CGA, at 56 days chronological age if born at [?] 32 weeks gestational
age) or at time of hospital discharge.1 It is pathologically known as bronchopulmonary dysplasia (BPD), a
common respiratory complication of low birth weight preterm infants who experience arrested lung devel-
opment and are susceptible to lung inflammation secondary to early supplemental oxygen, positive pressure
ventilation, and sepsis in the postnatal period.2 CNLD and BPD are used interchangeably in the literature
with CNLD (or simply chronic lung disease) being the preferred terminology used by the Australian and
New Zealand Neonatal Network (ANZNN).3

The worldwide incidence of CNLD has been increasing since 1993 due to an increased survival of extreme
preterm infants.4 The 2017 ANZNN prevalence of CNLD was 30.3% with 418 (20.8%) babies with CNLD
requiring home oxygen therapy.3 Of those requiring home oxygen, 340 (81.3%) also had very low birthweight
(<1,500g).3 In Canada and the United States, the annual reported prevalence of extremely premature
infants with CNLD and chronic oxygen dependency is between 25 and 59%.5-8 Home oxygen facilitates
earlier hospital discharge and is generally favored as it reduces the risk of nosocomial infections and may
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improve quality of life in the comfort of a home environment.9,10 Duration of home oxygen therapy varies
widely due to unstandardized weaning practices in CNLD.5

Population-based cohort studies have identified predictors of requiring home oxygen at hospital discharge
but to our knowledge, no studies have evaluated predictors of home oxygen therapy duration in CNLD.6,7

Thus, the primary aim of this study was to identify predictors of home oxygen therapy duration in premature
infants with CNLD. Secondary aims were to identify predictors of home oxygen flow rates at time of hospital
discharge and to identify if discharge oxygen flow rates were associated with post-discharge respiratory
outcomes up to two years chronological age.

Methods

Study Participants

This retrospective cohort study identified all infants with a primary diagnosis of moderate or severe CNLD,
who required home oxygen therapy, and were managed at the Queensland Children’s Hospital (QCH) between
January 2016 and December 2017. All infants were managed according to the standard home oxygen protocol
within our center (Appendix 1). Demographic and clinical information was obtained from the patient’s
integrated electronic medical record (iEMR). Post-discharge clinical variables were collected until the infants
reached 24 months chronological age. Small for gestational age (SGA) was defined as being less than 10th

percentile for birth weight using the Fenton preterm growth chart.11 This study was approved by the
Children’s Health Queensland Hospital and Health Service Human Research Ethics Committee.

Outcomes

The primary outcome of this study was all-cause home oxygen cessation at three, six, nine, and twelve
months corrected gestational age (CGA). Time on oxygen was calculated from birth to CGA at oxygen
cessation using CGA in days as a timescale. Infants who did not achieve the outcome at 12 months CGA
or those who were lost to follow up before the end of study (n=20) were censored.

A secondary outcome was to assess maternal and infant predictors of home oxygen flow rate required at hos-
pital discharge. Another was to examine how oxygen flow rates at discharge predicted various post-discharge
variables up to 24 months chronological age which included respiratory related emergency department (ED)
presentations, respiratory related hospital admissions, doctor documented wheeze, prescribed oral corticos-
teroids, prescribed inhaled corticosteroids, pediatric intensive care unit (PICU) admissions, and pulmonary
hypertension.

Statistical Analyses

The study population characteristics were described by summary statistics (Table 1). For continuous
variables, measures of central tendency (mean/median) and spread (standard deviation/interquartile range)
were presented. Mean/standard deviation (SD) were presented for normally distributed continuous variables
and median/interquartile range (IQR) for non-normally distributed variables. Normality was checked by
conducting the Shapiro-Wilks test and visual inspection of histograms. Frequencies and proportions were
presented for categorical variables.

Cox proportional hazards regression models were used to estimate effects of each a priori predictor of
home oxygen duration on home oxygen cessation, with simultaneous adjustment for potential confounders
in multivariable models. Hazard ratios (HR) with 95% confidence intervals (CI) were calculated. Four
Cox-models were built for four different time on oxygen cut-off points: from baseline to three, six, nine,
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and twelve months CGA respectively. The proportional hazards assumption was assessed by examining the
relationship between the scaled Schoenfeld residuals and time on oxygen and the overall fit of the models was
tested by examining the Cox-Snell residuals and evidence of non-proportional hazards for oxygen flow was
found. Hence, the baseline hazard function was stratified by oxygen flow group and proportional hazards
assumption was satisfied by fitting a stratified Cox-regression model. Covariates included for adjustment
in multivariable models were GA, birth weight, partial pressure of carbon dioxide (pCO2) at term CGA,
invasive ventilation total respiratory support and length of initial NICU hospital stay in days.

We assessed the potential effects of different maternal and infant variables on oxygen flow rates at hospital
discharge using multinomial logistic regression. Patients were grouped into three oxygen flow groups based
on their oxygen flow requirements at discharge: a) [?] 125 mL/min; b) 126 mL/min to 250 mL/min; c) 251
mL/min to 750 mL/min. Basic inferential statistical tests were conducted to select variables with significant
differences between the three oxygen flow groups in the final multinomial logistic regression model. A
Kruskal-Wallis test was used for continuous variables (i.e., birth weight in grams, pCO2 at term CGA in
mmHg, total duration of respiratory support in days, length of hospital stay in days and CGA at hospital
discharge in weeks). A Chi-Square test was used for categorical variables including GA [?] 28 weeks and
maternal PROM. Odds ratios (OR) with 95% CI were calculated and presented for the final multinomial
logistic model. Modelled estimates of the sensitivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) predictive values were derived and presented as Appendix 2.

The Kruskal-Wallis test was used to examine the association between the three oxygen flow groups and
continuous post-discharge variables. A univariate linear regression was then conducted to identify the
effect of oxygen flow and continuous post-discharge variables. For oxygen flow groups and categorical
post-discharge variables, a Fisher’s Exact test and a binomial univariate logistic regression were used

Results

A total of 149 infants (63.1% males) were included in the analyses (Table 1). In our cohort, infants with
CNLD requiring home oxygen had a median GA at birth of 26 weeks (IQR 3) and BW 779 grams (IQR 331)
with 13 (8.7%) born SGA. The median length of invasive ventilation during the neonatal period was 17.9
days (IQR 29.4) and mean length of total respiratory support was 73.3 days (SD 28.6) with 53% requiring
high frequency oscillation ventilation. At term CGA, the mean pCO2 was 53.9 mmHg (SD 7.1). At
discharge, the median CGA was 42 weeks (IQR 4.5) with 70.5% of infants requiring 250 mL/min of oxygen
flow or less at discharge. The median CGA of oxygen weaning was 6.8 months CGA (IQR 4.4) with 87.2%
of infants able to wean off oxygen by 12 months CGA.

Cox proportional hazards regression models for clinical predictors of oxygen weaning at three, six, nine and
twelve months CGA with a priori variables of GA, BW, pCO2 at term CGA, duration of invasive ventilation,
total duration of respiratory support, length of hospital stay and oxygen flow group at discharge are shown in
Table 2. The models indicated that shorter length of hospital stay was a statistically significant predictor of
faster oxygen weaning at CGA 9 months (HR 0.99, 95% CI 0.98–1.00, p=0.02) and at 12 months (HR 0.99,
95% CI 0.98–1.00, p=0.02) (Table 2). Length of hospital stay was not found to be a significant predictor
of oxygen weaning at CGA 3 months (HR 1.01, 95% CI 0.97-1.05, p=0.65) or 6 months (HR 0.99, 95% CI
0.97-1.00, p=0.16). Higher GA, higher BW, lower pCO2 at term CGA, fewer invasive ventilation days and
fewer total days on respiratory support were not significant predictors of faster oxygen weaning at any time
point (Table 2).

Our multinomial logistic regression (Table 3) indicated that infants has higher odds of being discharged with
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200-250 mL/min (OR 1.099, 95% CI 1.02-1.19, p=0.02) or 251-750 mL/min (OR 1.13, 95% CI 1.04-1.23,
p=0.004) home oxygen relative to [?] 125 mL/min with increasing measured pCO2 at term CGA when
all other variables were held constant. With each week increase in CGA at hospital discharge, there were
higher odds of being discharged on 200-250 mL/min (OR 1.34, 95% CI 1.09-1.63, p= 0.005) or 251-750
mL/min (OR 1.51, 95% CI 1.21-1.88, p<0.001) relative to [?] 125 mL/min when all other variables were
held constant. With every day increase in length of hospital stay, infants had lower odds of being discharged
on 200-250 mL/min (OR 0.95, 95% CI 0.91-0.99, p=0.02) or 251-750mL/min (OR 0.94, 95% CI 0.90-0.99,
p=0.01) relative to [?] 125 mL/min when all other variables were held constant. Our results also suggest
that infants born to mothers with PROM had lower odds of being discharged on 200-250 mL/min home
oxygen (OR 0.36, 95% CI 0.14-0.91, p=0.032) compared to mothers without PROM when all other variables
were held constant (Table 3).

For our model, accuracy was around 55% (CI 46-63%) with performance of the model using diagnostic
measures outline in Appendix 2. Sample sizes were low in some groups which is reflected by the accuracy
of the model.

We found significant associations of oxygen flow rate at discharge with respiratory related hospital admissions
(p<0.01) and PICU admissions (p=0.05) up to two years of chronological age (Table 4). We estimated
that infants discharged on 251-750 mL/min of home oxygen had 6.08 times higher odds (95% CI, 2.20-18.48,
p<0.001) of being admitted (at least once) with a respiratory related illness within the first two years of
chronological age (Appendix 3).

Discussion

Many of the variables that predict home oxygen in CNLD such as early gestational age, low birth weight,
invasive ventilation time or total duration of respiratory support did not predict oxygen weaning within 12
months CGA.6,7 Our finding that infants who were discharged on higher oxygen flow rates required home
oxygen therapy for longer is similar to what has been reported previously.12 Variables typically associated
with severity of CNLD like high frequency oscillation ventilation, early gestational age, or hypercapnia at
term CGA did not correlate with the duration of home oxygen therapy. Therefore, infants should not be
presumed to need longer oxygen therapy based on ventilation requirements in NICU.

In our cohort, prolonged neonatal hospital stay was associated with increased duration of home oxygen
therapy. The reported duration of home oxygen therapy in CNLD worldwide over the last 40 years is
between 2 and 13.5 months (Table 5).12-24 When home oxygen was initially introduced, weaning was based
on a target partial pressure of arterial oxyhemoglobin (PaO2) of 55-60 mmHg.13-15 Continuous overnight
pulse oximetry has become more commonly used to guide oxygen weaning with expert consensus suggesting
targeting a mean peripheral arterial hemoglobin saturation (SpO2) > 93-95% and [?] 5% of the overnight
oximetry time spent with SpO2 [?] 90% or SpO2 [?] 93%.25-28 However, there is a significant lack of evidence
supporting these recommendations and thus home oxygen weaning in CNLD remains highly variable between
health services.29,30

Several service provision variables likely contribute duration of oxygen therapy for these infants. This
includes who oversees oxygen weaning following discharge from neonatal care and the frequency of follow
up visits in the first year of life. Models of care differ across centers with neonatology, general pediatrics,
general practitioners, respiratory, and sleep specialists all involved in patient care to varying degrees. Some
centers may even have oxygen weaning unsupervised by a medical provider.12,30 At our center, infants are
reviewed every 6-8 weeks post-discharge (Appendix 1) and the median age of home oxygen cessation was 6.8
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months CGA (IQR 4.4), with 51% of infants discharged on oxygen flow rates of 200-250 mL/min (Table 1).
In contrast, centers where a clinical nurse undertakes weaning in the community may wean oxygen slower
and be affected by the follow up frequency.

Centers that rely on polysomnography (PSG) assessment for oxygen weaning report prolonged duration of
home oxygen therapy possibly due to PSG waiting times (Table 5).12,31 In our experience, the majority
of infants with CNLD can be safely weaned using overnight oximetry monitoring and PSG is reserved for
infants requiring more than 500 mL/min of supplemental oxygen at time of discharge, infants with a clinical
suspicion of comorbid obstructive sleep apnea (OSA), or when there is concern that an additional etiology
contributes to hypoxemia.

The current lack of standardization of home oxygen initiation and weaning makes it difficult to assess
outcomes in these infants. Currently, no evidence exists to suggest that one method of weaning supplemental
oxygen therapy is superior to another and to our knowledge no studies have been able to evaluate long-term
outcomes following a standardized weaning protocol. This highlights the need for prospective longitudinal
studies in view of the continued increase in the number of preterm infants requiring home oxygen.32

Infants with CNLD are known to be at higher risk of lower respiratory tract infections (especially respira-
tory syncytial virus) and those receiving home oxygen therapy are 10% more likely to be readmitted for
a respiratory illness with 49-58% of infants with severe CNLD requiring readmission within the first two
years of life.5,33,34 In our study, infants discharged on higher oxygen flow levels required more admissions
(including PICU) which is in keeping with findings in other studies.5 It is important for clinicians to monitor
these higher risk infants closely during this early period and ensuring families are aware of the increased
vulnerability if an infant is discharged on [?] 500 mL/min of oxygen. The number of ED visits within the
first two years did not correlate with discharge oxygen flow rates, perhaps indicating that home oxygen may
help reduce severity of subsequent respiratory illnesses.

Wheeze and bronchial hyper-responsivity are well described following preterm birth35-38 and infants with
CNLD are more likely to receive additional oxygen, bronchodilators and inhaled steroids within the first year
of life.23 In our study, doctor documented wheeze and corticosteroid use (inhaled or oral) in the first 2 years
of life were not significantly associated with duration of oxygen therapy or oxygen flow rates at discharge.
Further longitudinal follow up of our cohort would be required to determine if such presentations occur later in
genetically predisposed individuals, with prematurity and CNLD increasing risk during pre-school years. All
infants with CNLD requiring home oxygen at our center receive respiratory syncytial virus immunoglobulin
prophylaxis during the winter months which may have reduced wheezy hospital presentations compared to
other studies.

Infants were more likely to be discharge on higher levels of oxygen therapy ([?] 200 mL/min) if they had
higher pCO2 measured at term CGA and increased CGA at hospital discharge. In our cohort, 30.9% (n=46)
had moderate hypercapnia (pCO2 55-65 mmHg) and 6% (n=9) had severe hypercapnia (pCO2 > 65 mmHg)
measured at term CGA (Table 1). Moderate to severe hypercapnia was not predictive of home oxygen
cessation but was significantly associated with requiring >250mL/min oxygen at discharge (Table 3). In a
sub-analysis, infants with pCO2 [?] 55 mmHg had a median time to oxygen weaning of 6.3 months (95%
CI, 5.7-7.0) whereas patients with pCO2 > 55 mmHg had a median time of 8.4 months (95% CI, 7.7-9.1)
(Appendix 4). The differences were statistically significant at our time on oxygen cut-off points of CGA 6
months (p=0.001), 9 months (p=0.035), and 12 months (p=0.034). This information may be useful clinically
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to guide parent’s expectations of a longer duration of oxygen therapy in those who have hypercarbia at term
CGA.

It is unclear whether alternative or additional respiratory support would be beneficial in infants with hy-
percarbia as there are no studies assessing the impact of hypercarbia and level of respiratory support on
outcomes in CNLD. Centers may consider PSG to evaluate the need for pressure support in infants who have
evidence of alveolar hypoventilation (more than 25% of the total sleep time with pCO2 > 50 mmHg)41 but it
is unclear which infants with moderate to severe hypercapnia benefit from pressure support over supplemen-
tal oxygen. A Canadian retrospective cohort study identified that of infants born at GA < 29 weeks, only
0.9% and 0.6% were discharged on non-invasive ventilation (NIV) or tracheostomy ventilation respectively.42

The indications for initiating NIV were not stated. After laryngomalacia, CNLD was the second most com-
mon indication for home CPAP over a period of 10 years at Westmead Children’s Hospital.43 No specific
gas exchange or PSG criteria for initiating CPAP was mentioned. Future work to explore practices for NIV
therapy in infants with CNLD across centers would be a first step in determining whether this is an option
that should be offered more readily in this population and whether this impacts longer term outcomes.

Our study is limited by its retrospective nature but is strengthened by the inclusion of a reasonable sample
size. The multinomial logistic regression model to predict oxygen flow rates at discharge would need to
be validated on a larger cohort of patients as the lower accuracy was affected by the smaller sample size in
some comparative groups. There is selection bias as only infants managed at a single center were included
for analysis. We recognize that length of oxygen therapy and weaning practices are often based on the
anecdotal experience of individual clinicians due to the lack of evidence in this area. This is consistent with
practice in other centers as there are currently no standardized protocols to guide weaning of home oxygen
therapy in infants with CNLD. Recall bias is minimized by our multidisciplinary oxygen clinic following a
consistent follow up and weaning process (Appendix 1). Although our study only describes associations
between a priori maternal and infant variable with home oxygen duration and oxygen flow rates, it provides
insightful information about which infants may require prolonged oxygen therapy or experience more hospital
readmissions.

Conclusions

This study provides information which may be of use for clinicians when advising families of infants with
CNLD being discharged on home supplemental oxygen therapy. Shorter length of initial NICU stay appears
to predict shorter duration of home oxygen therapy and was associated with lower odds of needing [?] 200
mL/min at discharge. Infants with higher CGA at discharge or hypercarbia were more likely to need higher
levels of home oxygen therapy. Close monitoring is recommended for infants discharged on higher flows of
oxygen therapy (e.g. >250 mL/min) as these infants have a higher risk of respiratory related hospital and
PICU admissions within the first two years. Additionally, our study highlights the variability in practice
and need for standardization of oxygen weaning process for infants with CNLD in order to improve outcomes
for this increasing population.
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