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Abstract

Obijective: To determine whether the duration of noninvasive respiratory support exposure is
associated with bronchopulmonary dysplasia (BPD) or death in preterm infants.

Methods: Multicenter, retrospective study of infants born at <29 weeks’ gestation. The
association between days on noninvasive respiratory support and BPD or death was determined
using instrumental variable techniques and generalized propensity score matching to account for
potential confounding by illness severity.

Results: Among 6,268 infants 36% developed BPD or died. The median duration of noninvasive
respiratory support was 18 days. There was inconsistency in the association between noninvasive
support and BPD or death when analyzed by instrumental variable techniques (Average Marginal

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use: https://www.springernature.com/gp/open-research/policies/accepted-manuscript-terms

Address correspondence to: Samuel Gentle, Department of Pediatrics, The University of Alabama at Birmingham, 1700 6t Ave S,
Birmingham, AL 35233, sjgentle@uabmc.edu, Office: 205-934-6450, Fax: 205-934-3100.

Contributors’ Statement Page

Samuel J. Gentle conceptualized and implemented this study, performed initial analyses, drafted the manuscript, and reviewed and
revised the manuscript.

Benjamin Carper conceptualized the study, conducted the statistical analyses, and reviewed and revised the manuscript.

Matthew M Laughon assisted with analyses, conceptualization of the study, and reviewed and revised the manuscript.

Erik A Jensen assisted with analyses, conceptualization of the study, and reviewed and revised the manuscript.

Austin Williams conducted the statistical analyses, assisted with analyses, conceptualization of the study, and reviewed and revised the
manuscript.

Colm P Travers assisted with analyses, conceptualization of the study, and reviewed and revised the manuscript.

Namasivayam Ambalavanan assisted with analyses, conceptualization of the study, and reviewed and revised the manuscript.
Charitharth V Lal assisted with analyses, conceptualization of the study, and reviewed and revised the manuscript.

Waldemar A. Carlo assisted with analyses, conceptualization of the study, and reviewed and revised the manuscript.

All authors approved the final manuscript as submitted and agree to be accountable for all aspects of the work.

ClinicalTrials.gov ID
Generic Database:NCT00063063

Financial Disclosure: The authors have indicated they have no financial relationships relevant to this article to disclose.
Conflict of Interest: The authors have indicated they have no potential conflicts of interest to disclose.


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT00063063

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gentle et al. Page 2

Effect —0.37; 95% CI —-1.23 to 0.50) and generalized propensity score matching (Average
Marginal Effect 0.46; 95% CI 0.33 to 0.60).

Conclusion: Findings on the association between duration of exposure to noninvasive
respiratory support and the development of BPD or death were inconclusive.

INTRODUCTION

Noninvasive respiratory support, including nasal intermittent positive pressure ventilation
and continuous positive airway pressure, is an alternative, initial support mode to mechanical
ventilation for preterm infants with respiratory distress syndrome (RDS).1: 2 While
noninvasive respiratory support maintains functional residual capacity thereby promoting
gas exchange,? it increases the risk of complications including air leak syndromes (when
compared to mechanical ventilation alone at higher positive end expiratory pressures? 4 or
less invasive techniques of surfactant administration®) and nasal septum injury.® Therefore,
subsequent to improvement in RDS symptoms, the duration of noninvasive respiratory
support exposure must balance the benefits and risks of therapy. Furthermore, it is uncertain
whether prolonging exposure improves pulmonary outcomes in preterm infants.

As mechanical strain may improve postnatal lung growth,’ it has been hypothesized that
noninvasive respiratory support exposure may improve pulmonary function. In a randomized
controlled trial (N=44) in which preterm infants with RDS were exposed to two additional
weeks of continuous positive airway pressure (CPAP) or room air, infants exposed to
prolonged CPAP had increased functional residual capacity at study completion.® In
contrast, in a randomized controlled trial comparing gradual to immediate weaning from
CPAP, infants weaned immediately from CPAP to room air had less total CPAP exposure
and lower rates of bronchopulmonary dysplasia (BPD) compared to those infants gradually
weaned off CPAP.® Other studies of rapid weaning from CPAP also indicate better or no
difference in outcomes.10 Therefore, the duration of noninvasive respiratory support needed
to improve pulmonary outcomes in preterm infants with RDS is unclear. We hypothesized
that in preterm infants < 29 weeks’ gestation alive and on noninvasive respiratory support at
seven days after birth, duration of noninvasive respiratory support would be associated with
a lower incidence of BPD or death after adjustment for confounding by illness severity.

METHODS

Study Design and Patient Population

This was a secondary analysis of prospectively collected data from the NICHD Neonatal
Research Network (NRN) Generic Database for infants born between April 1, 2011 and
December 31, 2018. Approval was obtained by each institutions’ review board. Included
infants were < 29 weeks’ gestational age and on noninvasive respiratory support on postnatal
day seven defined as either nasal cannula, oxyhood, CPAP, or nasal intermittent positive
pressure ventilation documented as the highest mode of support. Given that mechanical
ventilation exposure is common, occurring in 67.1% of infants in the SUPPORT Trial
randomized to CPAP,! postnatal day seven was chosen to maintain generalizability of study
outcomes while constraining the impact of mechanical ventilation exposure days on study
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outcomes. If on postnatal day seven infants were exposed to conventional or high-frequency
ventilation, off respiratory support, or had died, infants were excluded. Infants exposed

to conventional or high-frequency ventilation within the first postnatal seven days were
included if on noninvasive respiratory support at postnatal day seven.

Outcome Definitions

The primary outcome was BPD or death by 36 weeks’ postmenstrual age. BPD was

defined as moderate or severe BPD at 36 weeks’ postmenstrual age as treatment with
supplemental oxygen or respiratory support.}! Death was defined as death prior to 36
weeks’ postmenstrual age. Other outcomes included BPD alone, death alone, growth failure,
and postmenstrual age at discharge. Growth failure was defined as weight less than 10t
percentile at 36 weeks’ postmenstrual age using sex-specific growth curves as previously
described.1?

Exposure Classifications

For the primary outcome, the rates of BPD or death were analyzed using days of noninvasive
respiratory support exposure as a continuous variable, excluding days within the first
postnatal week. The risks for adverse outcomes were analyzed using discrete groups for

the duration of exposure to noninvasive respiratory support (e.g. 1-7 days) in order to
assess differences in baseline characteristics. Discrete exposure durations may also provide
clinical applicability and further examine whether specific durations of exposure were
associated with lower rates of BPD or death. Exposure was additionally grouped by discrete
percentages of hospital days on noninvasive respiratory support (e.g. 0-10%) to account for
early death (as infants with early death would have fewer days on noninvasive respiratory
support but a higher percentage of hospital days on noninvasive respiratory support). The
rate of BPD alone was also analyzed by days of noninvasive respiratory support, whereas
death alone was analyzed by percentage of hospitals days of exposure to account for infants
with early death.

Instrumental Variable Analysis and Propensity Score Matching

We examined the association between noninvasive respiratory support exposure and study
outcomes using two analytical techniques to account for measured and unmeasured
confounders: instrumental variable analysis and propensity score matching. Instrumental
variables analysis was used to analyze whether the duration of exposure to noninvasive
respiratory support may be related to center specific practices rather than disease severity

as has previously been reported in clinician surveys.® For example, noninvasive respiratory
support may be continued for a predefined period of time (e.g. until 32 weeks postmenstrual
age)4 irrespective of disease severity or support may be discontinued upon meeting stability
criteria used in randomized trials.1% We defined the instrument as the average days on
noninvasive respiratory support at the patient’s study center to predict the patient’s support
days. We expected average number of support days to vary by study center and indicate
differences in physician practices, but not be related to individual patient outcomes other
than through its influence on support days, conditional on other covariates. Therefore,

the instrumental variables technique allows isolation of variation in the treatment variable
unlikely to be related to unobserved confounders. Outcomes were reported as an odds ratio
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or marginal effects (the change in probability of the outcome with a one-unit change in
the treatment) such as the effect of one additional day of support on the outcome of BPD.
A negative marginal effect indicates an inverse relationship (i.e. an additional exposure
duration is associated with a decrease in the probability of developing the outcome).

We used generalized propensity score matching to explore whether certain exposure
durations may have non-linear associations with BPD or death, BPD alone, or death alone.
Analogous to traditional propensity score methods, generalized propensity score matching
adjusts for confounding caused by differences in the distribution of covariates across treated
and untreated patients, or between treated patients at different treatment doses. We matched
on the following variables: gestational age, birth weight, sex, race, chorioamnionitis, length
of hospital stay, total days of mechanical ventilation, highest FiO, on postnatal day seven,
medical or surgical treatment for a PDA, postnatal steroids for BPD, early onset sepsis, late
onset sepsis, and study year. As the postnatal timing of certain covariates may have preceded
noninvasive respiratory support exposure, a sensitivity analysis was conducted excluding
PDA, length of stay, and late onset sepsis.

These analyses were reported both as an average marginal effect and the marginal effect at
the mean treatment. The average marginal effect estimates on average how an infants’ risk
for BPD or death changes with an increase in the percentage of hospital days an infant is
exposed to noninvasive respiratory support. The marginal effect at the mean estimates the
change in probability of BPD or death from an additional unit (percentage, day) increase in
noninvasive respiratory support when starting at the mean level of noninvasive respiratory
support in the sample. These effects differ because of the non-linear relationship between
the treatment and outcome. For example, increasing from 0% to 10% of days on noninvasive
respiratory support may have a different impact on the risk of BPD or death than an
increase from 50% to 60% of days on noninvasive respiratory support. We used generalized
propensity score matching to then estimate dose response curves demonstrating the rates of
BPD alone or death alone associated with the percentage of days on noninvasive respiratory
support.

Power Calculation

For power estimates, we estimated that 85-90% of infants from the study period (n=14,830)
would be alive at postnatal day seven of which ~50% of infants would not be on mechanical
ventilation. These estimates were based on historical data from the NRN Generic Database
and data from the SUPPORT trial wherein 49% of infants randomized to intubation/
surfactant and 55% of infants randomized to CPAP were alive and off mechanical ventilation
at seven days.! By using noninvasive respiratory support exposure days as a continuous
variable, a baseline likelihood of developing BPD or death of 36% in this cohort, and using
an alpha value of 0.05, we estimated that this analysis will have >0.80 power to detect a 10%
difference in the outcome of BPD or death corresponding to one standard deviation increase
in noninvasive respiratory support exposure days.
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RESULTS

Patient Population

14,830 infants were born during the study period of which 12,618 were alive seven days
after birth. After exclusion of infants on mechanical ventilation (n=5,579) or no support
(n=703), 6,268 were analyzed for the primary outcome of BPD or death. Most infants

were on either nasal ventilation or CPAP at postnatal day seven (80%; 5,033/6,628)
(Supplemental Figure 1). Baseline and clinical characteristics that differed between exposure
groups included gestational age, birth weight, nonwhite race, chorioamnionitis, PDA
treatment, and sepsis (Table 1). These and other baseline characteristics that differed
between exposure groups subsequently used in propensity score matching included highest
FiO2 on Day 7, postnatal steroid exposure, length of stay, and birth year (Supplemental
Table 1).

Instrumental Variable Analysis and Propensity Score Matching

Using instrumental variable analysis, there was no significant association between the
percentage of hospital days on noninvasive support and the outcomes of BPD or death, BPD
alone, and death alone (Table 2). The instrumental variables method utilized differences in
practices across centers to identify the impact of the duration of noninvasive respiratory
support exposure on study outcomes. Limited inter-center variation in the duration of
noninvasive respiratory support decreases the power of the estimator and may contribute

to the insignificant findings. This suggests that variation in center specific practices alone

is insufficient in identifying the impact of the duration of noninvasive support exposure on
outcomes.

For the generalized propensity score matching analysis, balancing was assessed at 5 different
levels (quintiles) of the treatment variable. Across the quintiles, we were able to achieve
balance for most of the covariates, but significant differences remained for gestational age,
birthweight, postnatal steroids, late onset sepsis, and length of hospital stay within more than
one quintile of the treatment variable (Supplemental Table 1). Results from the generalized
propensity score analysis were significant for the composite outcome of BPD or death
(average marginal effect 0.46; 95% CI 0.33 — 0.60), BPD alone (average marginal effect
0.17; 95% CI 0.02 to 0.36), and death alone (average marginal effect 0.89; 95% CI 0.78 to
0.99). On average the probability of BPD or death for an infant on noninvasive respiratory
support is 0.46% higher with every increased percentage of the hospitalization an infant is
exposed to noninvasive respiratory support (as a positive average marginal effect indicates an
increase in the probability of an outcome).

In assessing the marginal effect at the mean, there was a small but significantly increased
risk of BPD or death at the mean treatment duration of 24% of the hospitalization or

18 days of exposure (marginal effect at the mean treatment 0.32; 95% CI 0.19 to 0.44).
This increased risk means that at this time point in the hospitalization for two otherwise
similar infants (having adjusted for other variables in the model), an infant exposed to
noninvasive respiratory support has an increased risk for BPD or death compared to an
infant not exposed to noninvasive respiratory support. For death alone, there was a decrease
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in risk associated with more exposure to noninvasive respiratory support (marginal effect at
the mean treatment —0.03; 95% CI —0.04 to —0.02). The association between noninvasive
respiratory support exposure and adverse outcomes remained similar when the covariates of
PDA, length of stay, and late onset sepsis were excluded (Supplemental Table 2).

Exposure Subgroups

Outcomes were further analyzed by discrete subgroups (e.g. 1-7 days, 0-10% of the
hospitalization) of noninvasive respiratory support exposure (Tables 3 and 4). For analyses
by exposure days, the rate of BPD or death differed by the number of weeks of noninvasive
respiratory support exposure (p<0.0001) with an overall increase in risk for the study
outcomes with additional weeks of support ranging from 28% (41/149) risk at >0-1 days
of exposure to 58% (733/1262) risk at = 35 days of exposure. Similar trends were observed
when analyzed by percentage of hospital days, with lower percentages of hospital days

of exposure associated with lower rates of BPD or death (p<0.0001) (Table 4). A lower
postmenstrual age at discharge was associated with shorter durations of support exposure
ranging from 37.6 weeks’ postmenstrual age with >0-1 days of exposure to 40.6 weeks’
postmenstrual age with exposure >35 days (p<0.0001). The rate of growth failure did

not differ when analyzed by exposure days, but differed when analyzed by percentage of
hospital days of exposure, with shorter exposures being associated with higher rates of
growth failure (Table 3 and 4).

In assessing whether the risk of these outcomes differed based on specific durations of
noninvasive respiratory support exposure (e.g. whether there was a dose response), for BPD
alone, there was a linear increase in the risk for BPD at treatment levels of <50% of
infants’ hospitalization with less association at higher exposure levels (Figure 1, Panel B).
For death alone, there was no association between low levels of noninvasive respiratory
support (<50% of infants’ hospitalization) and death, while exposure to longer durations

of noninvasive respiratory support (>50% of infants’ hospitalization) was associated with a
higher probability of death though with wider confidence bounds (Figure 1, Panel A).

DISCUSSION

This observational study of extremely preterm infants with RDS on noninvasive respiratory
support exposure on postnatal day seven, examined the association between noninvasive
respiratory support exposure and the risk for BPD or death. Infants exposed to a longer
duration of noninvasive respiratory support were born at lower gestational ages and birth
weights and had higher rates of other co-morbid conditions including sepsis and PDA
treatment. Results from instrumental variable analysis and propensity score matching used
to adjust for disease severity by exposure duration were inconclusive when relating BPD or
death to the duration of noninvasive respiratory support exposure. Noninvasive respiratory
support exposure duration may be inextricably linked to disease severity and subsequent
BPD development.

Meta-analyses of randomized controlled trials comparing CPAP to mechanical ventilation
with or without surfactant delivery report a reduction in the outcome of BPD at 36 weeks’
gestation and the composite of BPD or death in infants randomized to CPAP.2 Upon
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improvement of RDS signs and symptoms, noninvasive respiratory support is reduced or
removed. However, the optimal duration and timing of CPAP discontinuation is unclear.13
Meta-analyses of randomized controlled trials comparing strategies of CPAP discontinuation
suggest that immediate removal of CPAP compared with gradual weaning or cycling results
in a shorter duration of CPAP exposure and hospital stay but did not report risk for

BPD.10 In a multicenter randomized controlled trial of infants born at <30 weeks’ gestation
(N=177), infants were weaned off CPAP by either immediate wean to room air or cycling
between CPAP and room air or nasal cannula. Infants weaned from CPAP to room air

were exposed to fewer days on CPAP compared to other groups and had a lower rate of
BPD (12.5%) when compared to infants cycled from CPAP to room air (42%) and cycled
from CPAP to nasal cannula (19%; p=0.011). Infants cycled off of CPAP also had a longer
length of stay compared to infants weaned to room air.? In another multicenter randomized
controlled trial of infant <32 weeks’ gestation (N=372) comparing sudden weaning from
CPAP to room air to gradual pressure weaning prior to CPAP discontinuation, outcomes did
not differ between groups including the days of CPAP exposure following randomization,
risk for BPD development, weight gain, and the postmenstrual age at discharge.® A trial in
infants 26 to 32 weeks’ gestation (N=70) on CPAP with an FiO2 of 0.21 and a PEEP of 5
cm H,0 weaned infants either suddenly (immediately to room air) or gradually (by further
weaning the PEEP by 1 cm H,0 every 8 hours) and did not find a difference in risk for
BPD between groups.18 Therefore, randomized controlled trials regarding weaning preterm
infants from CPAP have either shown no benefit from prolonging CPAP through gradual
compared to sudden weaning or have shown an increased risk for BPD.

In the present study, the association between duration of noninvasive respiratory support and
risk for adverse outcomes varied between and within prediction models. Within propensity
score matching analyses, the direction of the association between the duration of noninvasive
respiratory support exposure and death was not consistent. Higher percentages of hospital
days on noninvasive respiratory support were associated with higher rates of death when
analyzed by average marginal effect but lower rates of death when analyzed by the marginal
effect at the mean. Given that low exposure rates (<50% of infants’ hospital days) were

not associated with death, it is likely that this results from early death precluding further
noninvasive respiratory support exposure. Regarding the dose response of percentage of
hospital days on noninvasive respiratory support and BPD, a higher percentage of days on
noninvasive respiratory support was associated with lower rates of BPD due to a higher
probability of death in these infants as well as wide lower and upper bounds from fewer
patients available for analysis.

The time at which infants in this cohort exposed to longer durations of noninvasive
respiratory support met prespecified weaning criteria detailed by these randomized
controlled trials remains unclear. However, in looking at subgroup analyses, the median
highest FiO, at day seven after birth was 0.21 across five of the seven groups (>0-1,

1-7, 7-14, 14-21, and 21-28 day groups) suggesting that up to half of these infants may
have met weaning criteria prior to being weaned from noninvasive respiratory support. As
outcomes were analyzed by cumulative duration and not courses of noninvasive respiratory
support, it is also unclear whether attempts were made to wean infants from noninvasive
respiratory support and, in such infants, what criteria were used to restart noninvasive
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respiratory support. Furthermore, longer exposure of noninvasive respiratory support may
have been secondary to clinical indication given differences in baseline characteristics
and co-morbidities across exposure groups as propensity score matching and instrumental
variable analysis results were inconclusive.

Several studies have analyzed the relationship between respiratory support and outcomes in
preterm infants. Mechanical ventilation has been associated with a higher risk of pulmonary
morbidity in preterm infants. In a retrospective cohort study of infants born at <1000 g
(N=3343), more courses of invasive ventilation were associated with an increased risk for
BPD. Additionally, the number of days on mechanical ventilation also was associated with a
higher risk for BPD.17 A retrospective study in preterm infants <1000 g (N=3026) including
infants prior to the SUPPORT trial compared rates of BPD or death based on exposure to
HFNC, CPAP, or both modes of respiratory support. Infants exposed to HFNC had a higher
rate of BPD or death compared to infants receiving CPAP.18 A cohort study from the NRN
from 2006 to 2010 in infants born at <27 weeks’ gestation (N=3651) analyzed the rate of
death or neurodevelopmental impairment based on respiratory support exposure. Exposure
to any respiratory support for more than 60 days was associated with a higher risk for death
or neurodevelopmental impairment.19

In contrast to trials of methods of weaning off noninvasive respiratory support, the results
of a recent trial suggest that prolonging CPAP exposure may result in pulmonary benefits.®
In this randomized controlled trial of infants <32 weeks’ gestation requiring >24 hours of
CPAP for respiratory distress (N=44), infants meeting stability criteria were randomized

to 2 weeks of CPAP versus room air. At the end of the 2-week period and at discharge,
infants randomized to prolonged CPAP had a higher functional residual capacity than those
infants randomized to room air. While this trial was not powered to compare differences

in rates of BPD between groups, these data suggest that prolonged CPAP may provide
respiratory benefits to preterm infants. Such randomization of preterm infants meeting
similar stability criteria precludes noninvasive respiratory support duration from being
confounded by disease severity, which is a limitation of the present study.

The strengths of this study include a large patient population across multiple centers and a
prospectively collected database. Given the differences in baseline characteristics, statistical
efforts were made to adjust for disease severity as a confounder for prolonged noninvasive
respiratory support duration including propensity score matching and instrumental variable
analysis. In these analyses differences in the outcome of BPD or death were not significant.
The primary limitation of this study is its observational approach and despite matching
efforts to control for disease severity, there may have been an insufficient number of
comparison infants at different durations of noninvasive respiratory support exposure.
Although most control variables were well-balanced in the matching analysis, some
statistically significant differences remained, and we were not able to perfectly adjust for
all potential confounders. In addition, exclusion of 5,579 infants on mechanical ventilation
on postnatal day seven limits generalizability to a population at higher risk for BPD.20

In summary, across the models analyzed in this observational study, duration of
noninvasive respiratory support had no conclusive association with BPD or death and
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BPD alone among preterm infants on noninvasive respiratory support on postnatal day
seven. Large, multi-center randomized controlled trials that address different durations
of noninvasive respiratory support exposure could be conducted to determine whether

extending noninvasive respiratory support exposure reduces adverse outcomes among

preterm infants.
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Figure 1.

A, Dose response function linking the percentage of hospital days of noninvasive support
exposure and risk of death. B, Dose response function linking support exposure and risk
of BPD. Confidence bounds at 0.95% level. Dose response function is the probability of a
positive outcome.
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Table 1:
Characteristics of Noninvasive Support Exposure Groups ™
Noninvasive Support All infants >0-1day | >1-7days | >7-14 >14-21 >21-28 >28-35 >35 days
Days® n=6268 n=149 n=841 days days days days n=1267
ays n=767 n=813 n=763 n=664

Gestational age (wks): 27.4(26.3, 27.9 27.9(27.0, | 276 (2656, | 27.3(26.3, | 27.1(26.3, | 27.0(26.1, | 26.4 (25.4,

median (Q1, Q3) 28.1) (27.1, 28.4) 28.3) 28.3) 28.0) 27.9) 27.3)
28.4)

Birth weight (g): 960 (810, 1050 1030 (875, | 980 (850, 950 (828, 930 (795, 910 (790, 835 (730,

median (Q1, Q3) 1110) (910, 1165) 1135) 1090) 1075) 1065) 970)
1180)

Male: n/N (%) 3089/6266 81/149 398/841 353/767 396/813 383/763 328/662 666/1266

(49.3) (54.4) (47.3) (46.0) (48.7) (50.2) (49.5) (52.6)
Nonwhite race: n/N (%) | 2863/6046 65/144 410/807 353/746 401/796 332/735 287/638 524/1214
(47.4) (45.1) (50.8) (47.3) (50.4) (45.2) (45.0) (43.2)

Chorioamnionitis: n/N 874/6253 13/149 92/840 93/763 107/808 94/762 98/661 218/1265

(%) (14.0) (8.7) (11.0) (12.2) (13.2) (12.3) (14.8) 17.2)

Days of mechanical 0(0,3) 0(0,1) 0(0,1) 0(0,4) 0(0,5) 0(0,7) 0(0,5) 0(0,8)

ventilationb: median

(Q1,Q3)

Highest FiO, on Day 7. | 0.21 (0.21, 0.21 0.21(0.21, | 0.21(0.21, | 0.21(0.21, | 0.21(0.21, | 0.23(0.21, | 0.25 (0.21,

median (Q1, Q3) 0.28) (0.21, 0.26) 0.27) 0.28) 0.28) 0.29) 0.30)
0.25)

Surgical PDA treatment: | 202/5043 3/121 22/698 25/609 18/654 31/633 25/514 69/971

n/N (%) (4.0) (2.5) 3.2) (4.1) (2.8) (4.9) (4.9) (7.2)

Pharmacological PDA 762/4866 16/129 73/685 70/588 110/647 108/604 96/498 210/864

treatment: n/N (%) (15.7) (12.4) (10.7) (11.9) (17.0) (17.9) (19.3) (24.3)

Postnatal steroids: n/N 371/6193 3/148 271827 53/760 47/803 70/753 44/653 116/1245

(%) (6.0) (2.0 (3.3) (7.0) (5.9) (9.3) (6.7) (9.3)

Early onset sepsis: n/N 89/6267 6/149 9/841 13/767 7/813 13/763 13/663 13/1266

(%) (1.4) (4.0) (1.2) (17) (0.9) 1.7) (2.0) (1.0)

Late onset sepsis: n/N 818/6266 19/148 101/841 94/767 108/813 121/763 94/663 213/1266

(%) (13.1) (12.8) (12.0) (12.3) (13.3) (15.9) (14.2) (16.8)

FiO2: fraction of inspired oxygen, PDA: patent ductus arteriosus

*
All characteristics with p<0.05 other than male sex excluding “All infants” as a comparison group

laCumuIative number of support days after the 7th postnatal day

b . I
Days of mechanical ventilation exposure after the 7th postnatal day
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Table 2:

Outcomes by Instrumental Variable and Propensity Score
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BPD or Death

BPD

Death

Instrumental variables (average marginal effect)ab

-0.37 (~1.23, 0.50)

-0.34 (-1.15, 0.46)

0.16 (-0.20, 0.52)

Propensity score matching (average marginal ef'fect)ab

0.46 (0.33, 0.60)

0.17 (0.02, 0.36)

0.89 (0.78, 0.99)

Propensity score matching (marginal effect at the mean treatment)ab

0.32 (0.19, 0.44)

0.37 (0.25, 0.48)

-0.03 (~0.04, —0.02)

BPD: bronchopulmonary dysplasia (defined as moderate or severe BPD at 36 weeks’ postmenstrual agell)

a . o . . L
A one-unit change was one percentage point increase in the percent of hospital days on non-invasive support

bMarginaI effects reflect the change in the probability of the outcome (out of 100 percent) from a one-unit change in support days. Positive

values indicate increases in the outcome and negative values indicate decreases. If confidence intervals include zero, the effect is not statistically

significant.
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Table 3.
Outcomes by Noninvasive Support Exposure Days
Noninvasive >0-1 day >1-7 days >7-14 days | >14-21 >21-28 >28-35 >35 days P-value
t days® N=149 n=841 n=767 days days days n=1267

support aays n=813 n=763 n=664

BPD or death, % 41/149 221/839 246/764 262/812 2741761 261/658 733/1262 <0.0001
(28%) (26%) (32%) (329%) (36%) (40%) (58%)

BPD, % 24/133 171/790 210/730 241/792 260/749 257/654 726/1256 <0.0001
(18%) (22%) (29%) (30%) (35%) (39%) (58%)

Death, % 17/149 58/841 41/767 22/813 20/763 21/1267 <0.0001
(11%) (7%) (5%) (3%) (3%) 7/663 (1%) | (2%)

Post menstrual age | 37.6 (36.5, | 37.9(36.4, | 38.4(36.9, | 38.6(37.0, | 39.0(37.4, | 39.3(37.7, | 40.6(38.9, <0.0001

at discharge 39.5) 39.4) 40.3) 40.7) 41.4) 41.7) 43.1)

(weeks)

Median (Q1, Q3)

Growth failure (%) | 28/103 172/606 166/606 191/679 191/668 166/597 339/1206 0.9994
(27%) (28%) (27%) (28%) (29%) (28%) (28%)

BPD: bronchopulmonary dysplasia (defined as moderate or severe BPD at 36 weeks’ postmenstrual agell)

aCumuIative number of support days after the 7th postnatal day
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Table 4:

Outcomes by Percentage of Hospital Days on Noninvasive Support
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Noninvasive support >0%-10% >10%-25% >25%-50% >50%-75% >75%-90% | >90% P-value
Dave N=864 N=1293 N=1987 N=677 N=78 N=30
ays
80 or death. o4 267/862 447/1290 780/1979 323/673 26/30 <0.0001
% (31%) (35%) (40%) (48%) 55/78 (71%) | (87%)
arn? o0 248846 422/1270 765/1955 201/641 <0.0001
% (29%) (33%) (39%) (45%) 26/49 (53%) | 6/10 (60%)
Death, % 20/30 <0.0001
34/864 (4%) | 33/1293 (3%) | 34/1987 (2%) | 35/677 (5%) | 30178 (38%) | (67%)
rowth failureC (o4 237/741 369/1159 495/1838 112/592 <0.0001
rowth failure™ (%) (32%) (32%) 27%) (19%) 8/44 (18%) | 0/8 (0%)

BPD: bronchopulmonary dysplasia (defined as moderate or severe BPD at 36 weeks’ postmenstrual agell)

aCumuIative percentage of support days after the 7th postnatal day

b . .
Treatment with oxygen or respiratory support at 36 weeks postmenstrual age

cWeight less than 10th percentile, for survivors to 36 weeks PMA
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