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ABSTRACT
Objective  To evaluate annual trends in the 
administration and duration of respiratory support 
among preterm infants.
Design  Retrospective cohort study.
Setting  Tertiary neonatal intensive care units in the 
Canadian Neonatal Network.
Patients  8881 extremely preterm infants born from 
2010 to 2017 treated with endotracheal and/or non-
invasive positive pressure support (PPS).
Main outcome measures  Competing risks methods 
were used to investigate the outcomes of mortality 
and time to first successful extubation, definitive 
extubation, weaning off PPS, and weaning PPS and/or 
low-flow oxygen, according to gestational age (GA). Cox 
proportional hazards and regression models were fitted 
to evaluate the trend in duration of respiratory support, 
survival and surfactant treatment over the study period.
Results  The percentages of infants who died or were 
weaned from respiratory support were presented 
graphically over time by GA. Advancing GA was 
associated with ordinally earlier weaning from respiratory 
support. Year over year, infants born at 23 weeks were 
initially and definitively weaned from endotracheal and 
all PPS earlier (HR 1.06, 95% CI 1.01 to 1.11, for all 
outcomes), while survival simultaneously increased (OR 
1.11, 95% CI 1.03 to 1.18). Infants born at 26 and 27 
weeks remained on non-invasive PPS longer (HR 0.97, 
95% CI 0.95 to 0.98 and HR 0.97, 95% CI 0.95 to 0.99, 
respectively). Early surfactant treatment declined among 
infants born at 24–27 weeks GA.
Conclusions  Infants at the borderline of viability have 
experienced improved survival and earlier weaning from 
all forms of PPS, while those born at 26 and 27 weeks 
are spending more time on PPS in recent years. GA-
based estimates of the duration of respiratory support 
and survival may assist in counselling, benchmarking, 
quality improvement and resource planning.

BACKGROUND
Over the past decade, advances in non-invasive 
positive pressure support (PPS) and greater under-
standing of the potential benefit of avoiding expo-
sure to mechanical ventilation have resulted in 
reductions in the frequency of initiation and dura-
tion of endotracheal ventilation among extremely 
preterm infants.1–4 As an increasing number of 
infants at the border of viability receive full inten-
sive care with the goal of intact survival, estimates 
of the duration of respiratory support are important 

for understanding and predicting resource utilisa-
tion, and for antenatal counselling for anticipated 
preterm birth. In addition, clinical assessment of 
the trajectory of respiratory improvement among 
preterm infants receiving ventilatory support may 
be assisted by population-level data describing the 
duration of endotracheal and non-invasive respira-
tory support.

Population-level estimates of the duration of 
respiratory support have been reported, but repre-
sent treatment in an earlier era.5 6 Previous research 
also often focused on investigating the association 
of the duration of respiratory support with neuro-
developmental outcomes for preterm infants who 
survive to discharge from neonatal intensive care.1 6 
Including infants who die in-hospital may render 
estimates of the duration of respiratory support 
more complex, as death and prolonged mechanical 
ventilation may be competing events. Contempo-
rary estimates of the duration of respiratory support 

What is already known on this topic?

►► Nearly all extremely preterm infants are treated 
with endotracheal and/or non-invasive positive 
pressure support.

►► Avoidance of endotracheal ventilation in the 
delivery room and in the first days of life is 
being increasingly adopted in clinical practice.

►► Treatment with non-invasive positive 
pressure support and less invasive surfactant 
administration, in lieu of endotracheal 
ventilation, may improve neonatal and 
neurodevelopmental outcomes.

What this study adds?

►► This cohort study, including 8881 extremely 
preterm infants, considered the risk of mortality 
to delineate the total duration of respiratory 
support.

►► Infants born at the borderline of viability 
experienced both improved survival and earlier 
weaning from all forms of positive pressure 
support in recent years.

►► Gestational age-based estimates of the 
duration of respiratory support and mortality 
may assist in counselling, benchmarking, quality 
improvement and resource planning.
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among extremely preterm infants that account for mortality have 
not, to the best of our knowledge, been previously reported. 
Thus, the objective of this study was to provide clinically useful 
estimates of annual trends and duration of respiratory support 
and risk of mortality among extremely preterm infants.

METHODS
This was a retrospective analysis of data from the Canadian 
Neonatal Network (CNN), which maintains a reliable, stan-
dardised database of all admissions to 31 participating Canadian 
tertiary neonatal intensive care units (NICUs).7 Infants born at 
gestational age (GA) 23+0/7–27+6/7 weeks who received intensive 
care from 1 January 2010 to 31 December 2017 were included. 
Infants were excluded if they were recorded as having never 
received any PPS, or as having been discharged home prior to 
weaning from PPS or prior to 34 weeks corrected GA (CGA), 
as these likely represented the provision of comfort care after 
birth or data entry errors. Infants were also excluded if they were 
admitted after the third day of age (due to missing data) or if 
they remained in the NICU for longer than 8 months (outliers 
with comorbidities unrelated to extreme prematurity).

Detailed daily data regarding respiratory support were 
collected for each infant from admission until discharge. For an 
infant who received more than one type of support (eg, endo-
tracheal ventilation and non-invasive PPS) on a calendar day, 
the highest mode of respiratory support received was assigned 
for that day. Infants who received intratracheal surfactant but 
without administration of positive pressure ventilation through 
an endotracheal tube (eg, minimally invasive surfactant treat-
ment (MIST), less invasive surfactant administration (LISA) or 
the intubate-surfactant-extubate (INSURE) method) were cate-
gorised as having received surfactant but not endotracheal venti-
lation. Data on the administration of systemic corticosteroids 
for prevention of bronchopulmonary dysplasia (BPD) were also 
abstracted.

The main outcomes of interest were (1) time to first successful 
extubation, which was defined as extubation from endotra-
cheal ventilation and remaining extubated for 7 days without 
reintubation; (2) time to definitive successful extubation, which 
occurred when infants did not require subsequent therapeutic 
intubation; (3) time to wean from all PPS (both endotracheal and 
non-invasive); and (4) time to wean from all respiratory support 
(PPS and low-flow oxygen).

Death was considered a competing event; that is, its occur-
rence precluded the determination of the timing of weaning for 
an infant still treated with respiratory support. Some infants 
were transferred from a level III to a level II NICU while on 
respiratory support and were censored, as level II NICUs do not 
provide data to the CNN. The methodology for determining the 
duration of respiratory support and event status for infants who 
died, had missing data or were transferred prior to weaning from 
respiratory support is presented in online supplementary table 
S1.

Statistical analysis
Descriptive statistics summarised the antenatal and perinatal 
characteristics of included infants. The median and IQR of the 
duration of endotracheal ventilation, non-invasive PPS and 
low-flow oxygen were determined for both surviving and non-
surviving infants. A flexible, non-parametric competing risks 
model8 9 using the Nelson-Aalen estimator was fitted in order to 
estimate the percentage of infants who achieved the outcomes 
of interest or experienced a competing event (death). The 

cumulative incidence function gives the proportion of patients 
at specific time points who have experienced the outcome of 
interest while accounting for competing events. It is a function 
of the cause-specific hazard for the event of interest, but also 
incorporates the cause-specific hazard for the competing event 
of death. GA was used as the main predictor in the models given 
its association with duration of respiratory support.10 Given that 
the risks of death and transfer to a level II unit vary during the 
course in the NICU, the models incorporated time-dependent 
effects.

Cox proportional hazards models were fitted to evaluate the 
annual trend in duration of respiratory support over the study 
period by GA at birth. To evaluate the potential influence of 
the competing outcome of death, logistic regression models 
were fitted to evaluate the annual trend in survival to hospital 
discharge over the study period. To further explore secular 
changes in respiratory management, linear regression models 
were fitted to evaluate the annual trend in endotracheal intuba-
tion and surfactant administration during the first 2 days after 
birth and treatment with oral or intravenous corticosteroids for 
prevention of BPD. Analyses were performed using SAS V.9.4.

RESULTS
During the study period, 9678 infants born at GA 23+0/7–27+6/7 
weeks received intensive care in a CNN NICU. Of these, 797 
infants were excluded (online supplementary figure S2) and 
the remaining 8881 infants were included in the analysis, of 
whom 7788 (88%) were treated with endotracheal ventilation 
and 1588 (17.9%) died prior to discharge from hospital (online 
supplementary table S3).

GA-based analysis
The estimated time to first successful extubation (online supple-
mentary figure S4), definitive successful extubation (figure  1), 
weaning off all PPS (figure 2), and weaning off all PPS and low-
flow oxygen (online supplementary figure S5) are presented as 
stacked plots showing percentages of infants separated by GA 
at birth. Death occurred more frequently with decreasing GA, 
although most deaths occurred within the first 2 weeks after 
birth across all GA subgroups.

Time to weaning from respiratory support for all infants, 
according to GA at birth, is displayed in table 1. For example, 
infants born at 23 weeks GA were definitively extubated at a 
median of 30.4 weeks CGA (IQR 28.4–33.7) and weaned from 
all PPS at 36.9 weeks CGA (IQR 34.6–39.7). With increasing 
GA, successful extubation (both initial and definitive), weaning 
from all PPS and weaning from all respiratory support (positive 
pressure ventilation and low-flow oxygen) occurred ordinally 
earlier during the course in the NICU (table 1).

Annual trends in duration of PPS and survival
Among infants born at 23 and 24 weeks GA, initial successful 
extubation occurred progressively earlier in successive years 
(crude HR (cHR) 1.06, 95% CI 1.01 to 1.11 and cHR 1.05, 
95% CI 1.03 to 1.08, respectively, per year), as did definitive 
extubation (cHR 1.06, 95% CI 1.01 to 1.11 and cHR 1.05, 
95% CI 1.02 to 1.08, respectively, per year) (figure 3 and online 
supplementary table S6). The timing of initial successful and 
definitive extubation was similar during the study period for 
infants born at 25–27 weeks GA.

Year over year, infants born at 23 weeks GA were weaned 
off all PPS earlier (cHR 1.06, 95% CI 1.01 to 1.11, per year), 
while infants born at 26 and 27 weeks remained on PPS for 
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Figure 1  Cumulative incidence plot: time to definitive extubation. 
Definitive extubation was defined as survival for at least 7 days after an 
infant’s last endotracheal extubation. The plot displays the percentages 
of infants over time who died before definitive extubation (dark grey), 
achieved definitive extubation (intermediate grey) or continued to be 
treated in the neonatal intensive care unit without achieving definitive 
extubation (light grey). A total of 7788 infants were treated with 
endotracheal ventilation and were included in the analysis.

Figure 2  Cumulative incidence plot: time to weaning off all positive 
pressure support (PPS). Weaning off all PPS (endotracheal or non-
invasive) was defined as 7 days without readministration of PPS. The 
plot displays the percentages of infants over time who died before 
weaning off all PPS (dark grey), were successfully weaned off all PPS 
(intermediate grey) or continued to be treated in the neonatal intensive 
care unit with positive pressure ventilation (light grey). A total of 8881 
infants were treated with PPS. Ta
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longer durations (cHR 0.97, 95% CI 0.95 to 0.98 and cHR 
0.97, 95% CI 0.95 to 0.99, respectively, per year) (figure 3 and 
online supplementary table S6). Survival increased by 11% per 
year among infants born at 23 weeks GA (crude OR (cOR) 1.11, 
95% CI 1.03 to 1.18) and by 9% among infants born at 24 weeks 
(cOR 1.09, 95% CI 1.03 to 1.14), but not among more mature 
infants.

Online supplementary tables S7 and S8, respectively, present 
the number of infants who were successfully extubated or weaned 
off all PPS (invasive and non-invasive) and/or low-flow oxygen, 
along with the number of those who died or were censored. The 
annual trend in the hazard of remaining on any form of respi-
ratory support (PPS and/or low-flow oxygen) was not evaluated 
due to a large proportion of infants (2282 of 8881; 25.7%) 
being censored for this outcome, predominantly due to transfer 
of infants to level II NICUs or being discharged home while on 
low-flow oxygen.

The proportions of infants treated with endotracheal intuba-
tion during the first 2 days after birth declined, year over year, 
among infants born at 25, 26 and 27 weeks GA (figure 4A), while 
the proportions of infants treated with intratracheal surfactant 
during the first 2 days after birth also declined, year over year, 
among infants born at 24, 25, 26 and 27 weeks GA (figure 4B). 
Postnatal systemic corticosteroid administration for prevention 
of BPD increased, year over year, only among infants born at 
24 weeks GA (+2.1% annually, 95% CI 0.5% to 3.8%; online 
supplementary figure S9).

DISCUSSION
In this large, multicentre, national cohort of extremely preterm 
infants, we present, by GA at birth, estimates of postnatal and 
corrected GA at first and definitive successful endotracheal extu-
bation, weaning from all PPS and weaning from all respiratory 
support (endotracheal or non-invasive PPS, or low-flow oxygen) 
while accounting for the competing outcome of death. These 
estimates may be used by clinicians for antenatal and postnatal 
counselling and benchmarking and quality improvement initia-
tives, by administrators for resource planning, and by researchers 
for identifying ways to improve the efficiency of weaning infants 
from respiratory support. For example, prospective parents may 
be counselled that infants born at 24 weeks gestation are treated 

with mechanical ventilation for a median of 6 weeks and defin-
itive extubation occurs at a median of 30 weeks CGA, with half 
of infants (IQR) extubated in the range of 28–33 weeks CGA.

We identified an annual trend of earlier initial and definitive 
extubation among infants born at 23 and 24 weeks GA. Coupled 
with the finding of an annual increase in survival, our results 
suggest that these high-risk infants have experienced improved 
survival without concomitant increases in the duration of endo-
tracheal ventilation. Previous studies have identified a trend of 
lower mortality over the past two decades among infants born 
at the border of viability,11 12 and associated a shorter duration 
of mechanical ventilation with improved neurodevelopmental 
outcomes in childhood.13 14 Additional study is required to 
determine if the reduction in duration of ventilatory support 
in our cohort is associated with improved neurodevelopmental 
outcomes.

Interestingly in our study, improved survival and earlier extu-
bation occurred, among infants born at 24 weeks, amidst a 
reduction in surfactant administration and increase in postnatal 
treatment with systemic corticosteroids. This occurred with 
concomitant year-over-year declines in endotracheal intubation 
and surfactant administration among infants 25–27 weeks GA, 
possibly reflecting the adoption of practice recommendations 
favouring prophylactic nasal continuous positive airway pressure 
(nCPAP) and early selective surfactant over primary intubation, 
prophylactic surfactant and subsequent endotracheal ventila-
tion.15–20 More recently, amidst reports of the safety,21 benefit22–24 

Figure 3  Annual trend in the hazard of remaining on positive pressure 
support and the odds of survival over the study period (2010–2017). 
Displayed as HR or OR with 95% CI representing year-over-year change. 
HR >1 signifies an annual trend of increased earlier weaning from 
respiratory support (ie, shorter duration) and HR <1 signifies an annual 
trend of increased later weaning of respiratory support (ie, longer 
duration). OR >1 signifies an annual trend of increased survival and OR 
<1 signifies an annual trend of decreased survival.

Figure 4  Annual trends in the percentages of infants treated with 
endotracheal intubation (A) and surfactant (B) during the first 2 days 
after birth, according to gestational age (GA). Trend presented as year-
over-year percentage change with 95% CI. All infants who received 
intratracheal surfactant were included (B), irrespective of the method 
of administration (eg, endotracheal tube followed by mechanical 
ventilation, minimally or less invasive surfactant administration, or the 
intubate-surfactant-extubate method).
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and increasing integration25 of MIST/LISA into routine clinical 
care to avoid early nCPAP failure, the annual trend in declining 
endotracheal ventilation, but not necessarily surfactant admin-
istration, may be expected to continue. Evidence that exposure 
to endotracheal ventilation contributes to neonatal lung injury,26 
combined with the potential to uncouple surfactant administra-
tion from endotracheal ventilation (eg, using MIST/LISA), may 
limit further declines in surfactant treatment.

We unexpectedly identified an annual trend of progressively 
longer duration of PPS among infants born at 26 and 27 weeks 
GA, which was not accompanied by a significant improvement 
in survival. The absence of a change in the duration of endo-
tracheal ventilation suggests that an increased duration of non-
invasive PPS likely accounts for the additional time until infants 
were weaned from all PPS. Several factors may explain this 
finding. First, treatment with non-invasive PPS may be overused 
in contemporary practice.27 The threshold for commencing and 
maintaining infants on nCPAP or other non-invasive PPS is low, 
possibly due to a perception that nCPAP supports pulmonary 
development and long-term function28 29 and does not invoke the 
same deleterious effects of pulmonary inflammation and malde-
velopment as does endotracheal ventilation.30 The adoption of 
higher oxygen saturation targets for preterm infants during our 
study period31 may have also influenced the duration of non-
invasive respiratory support as clinicians may have eschewed 
increased volumes of low-flow supplemental oxygen in favour 
of non-invasive PPS with a low fraction of inspired oxygen. In 
addition, reduced administration of surfactant may potentially 
contribute to increased pulmonary inflammation and a longer 
duration of positive pressure ventilation. Surfactant administra-
tion has been associated with reduced lung cytokine expression 
in animal models of preterm respiratory distress syndrome,32 33 
and in our study infants born at 26 and 27 weeks GA concomi-
tantly experienced an increased duration of PPS and the largest 
year-over-year annual decline in surfactant administration. 
Finally, our study period (2010–2017) is an epoch character-
ised by the broad adoption of newer methods of non-invasive 
PPS as alternatives to nCPAP,3 4 34 such as heated and humidi-
fied high-flow nasal cannula (HHHFNC).35 While high-quality 
evidence exists to guide clinicians on weaning preterm infants 
off nCPAP,36 the current paucity of studies addressing weaning 
from these alternative modalities of non-invasive PPS37 may have 
resulted in delays in discontinuation.38 39

Strengths and limitations
Strengths of this study include the use of a large, national, 
multicentre cohort with reliable data collection. While previous 
studies have associated a shorter duration of endotracheal venti-
lation with improved neurodevelopmental outcomes in early 
childhood,13 14 we were limited by an absence of follow-up data 
for this cohort. We did not capture data on the frequency of the 
INSURE method, which may have influenced the annual trend 
in endotracheal intubation. In addition, the influence of centre-
specific characteristics (eg, altitude) or management practices 
(eg, criteria for extubation or surfactant administration) was not 
explored and we did not have data on trends in providers’ atti-
tude towards the provision of intensive care for infants born at 
23 and 24 weeks GA; infants born at 22 weeks GA were excluded 
from the study due to small numbers at the beginning of the 
study period; and a minority of infants were censored in the 
analysis due to transfer to a level II NICU. Finally, this study did 
not differentiate among modalities of endotracheal ventilation 
(eg, high frequency oscillatory or conventional mechanical) or 

non-invasive PPS (eg, HHHFNC or nCPAP) to provide a more 
granular characterisation of the course of respiratory support, 
including reasons for variation and annual trends identified in 
the duration of PPS.

Future implications
The results of this study may aid clinicians and researchers in 
identifying mechanisms to optimise respiratory support require-
ments and duration among preterm infants, with an aim to mini-
mise lung injury and promote lung growth. The most commonly 
used definition of BPD is based on an association of the intensity 
of respiratory support at 36 weeks CGA and later respiratory 
and neurodevelopmental outcomes.40 The adjudication of the 
presence or absence of BPD occurs at this ‘cut-off ’ irrespective 
of GA at birth, a paradigm of evaluation that may be less reliable 
among contemporary cohorts comprising larger proportions of 
infants born at 23 and 24 weeks GA.41 Continuous rather than 
binary measures of respiratory function, such as duration of 
respiratory support, may represent a more flexible, targeted (by 
GA) and patient-centred outcome to facilitate the evaluation of 
interventions for improving respiratory function.

CONCLUSIONS
In this large cohort of extremely preterm infants, both mortality 
and duration of all forms of positive pressure ventilation 
decreased, year over year, for infants born at 23 and 24 weeks 
GA, while infants born at 26 and 27 weeks GA remained on 
non-invasive PPS longer. The rates of surfactant administration 
and endotracheal ventilation also declined, especially among 
preterm infants born at 25–27 weeks GA. Estimates of the dura-
tion of respiratory support and mortality may assist in counsel-
ling parents, benchmarking and quality improvement activities, 
and resource planning.
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Supplementary Figure S2. Flow Chart of Infants Included in and Excluded from the Study 
 

 

Abbreviation: GA, gestational age.  
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Supplementary Table S3. Antenatal and Perinatal Characteristics of Study Infants 

 All (includes infants who 

received any form of 

positive pressure support) 

(n = 8,881) 

Only infants who 

received endotracheal 

ventilation 

(n = 7,788) 

GA at birth, No. (%) 23 weeks 638 (7%) 636 (8%) 

24 weeks 1432 (16%) 1413 (18%) 

25 weeks 1959 (22%) 1873 (24%) 

26 weeks 2251 (25%) 1940 (25%) 

27 weeks 2601 (29%) 1926 (25%) 

Male, No. (%) 4745 (53%) 4219 (54%) 

Birth weight, mean (SD) 846 (207) 825 (202) 

Multiple births, No. (%) 2212 (30%) 1968 (25%) 

Antenatal corticosteroids, No. (%) 7691 (88%) 6647 (87%) 

Outborn, No. (%) 1255 (14%) 1193 (15%) 

C-section, No. (%) 4970 (56%) 4410 (57%) 

Death, No. (%) 23 weeks 

GA at birth 

338 (53%) 336 (53%) 

24 weeks 

GA at birth 

452 (32%) 450 (32%) 

25 weeks 

GA at birth 

375 (19%) 373 (20%) 

26 weeks 

GA at birth 

262 (12%) 262 (14%) 

27 weeks 

GA at birth 

161 (6%) 161 (8%) 

 

Abbreviation: GA, gestational age.
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Supplementary Figure S4. Cumulative Incidence Plot: Time to First Successful Extubation  
First successful extubation was defined as 7 days without reintubation. Plot displays the 

percentages of infants over time who died before successful extubation (dark grey), were 

successfully extubated (intermediate grey), or continued to be treated with endotracheal 

ventilation without being successfully extubated (light grey). A total of 7,788 infants were 

treated with endotracheal ventilation and were included in the analysis. 
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Supplementary Figure S5. Cumulative Incidence Plot: Time to Weaning Off All Positive 

Pressure Support and Supplemental Oxygen 

Weaning off all positive pressure support (endotracheal or non-invasive) or low flow oxygen was 

defined as 7 days without readministration of respiratory support. Plot displays the percentages 

of infants over time who died before weaning off all positive pressure support and supplemental 

oxygen (dark grey), were successfully weaned off all positive pressure support and supplemental 

oxygen (intermediate grey), or continued to be treated in the neonatal intensive care unit with 

positive pressure support or supplemental oxygen (light grey). A total of 8,881 infants were 

treated with positive pressure support and were included in the analysis. 
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Supplementary Table S6. Association of Year of Birth with the Hazard of Remaining on 

Respiratory Support and the Odds of Survival during the Study Period (2010-2017) 

 
GA 

at 

birth, 

weeks 

Initial successful 

extubation, 

hazard ratio 

(95% CI) 

Definitive extubation, 

hazard ratio 

(95% CI) 

Off positive pressure 

support, 

hazard ratio 

(95% CI) 

Survival,  

odds ratio 

(95% CI) 

23 1.06 (1.01, 1.11) 1.06 (1.01, 1.11) 1.06 (1.01, 1.11) 1.11 (1.03, 1.18) 

24 1.05 (1.03, 1.08) 1.05 (1.02, 1.08) 1.02 (0.99, 1.05) 1.09 (1.03, 1.14) 

25 1.02 (0.99, 1.04) 1.02 (1.00, 1.04) 0.98 (0.96, 1.01) 1.04 (0.99, 1.10) 

26 0.99 (0.97, 1.01) 1.01 (0.99, 1.03) 0.97 (0.95, 0.98) 1.04 (0.98, 1.10) 

27 0.99 (0.98, 1.01) 1.01 (0.99, 1.03) 0.97 (0.95, 0.99) 1.05 (0.99, 1.14) 
 

CI, confidence interval; GA gestational age. 
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Supplementary Table S7. Numbers of Infants Who Died, Were Censored, or Were Successfully Extubated, According to 

Gestational Age 

 

GA at 

Birth, 

Weeks  

(No.) 

Never 

Treated with 

ETTV, No. 

(%) 

First Successful Extubation Definitive Extubation 

First Successful 

Extubation, 
No. (%) 

Death While on 

ETTV or Within 7 

Days After First 
Successful 

Extubation, No. 

(%) 

Censored, 
No. (%) 

Definitive 

Extubation, No. 
(%) 

Death While on 

ETTV or Within 7 

Days After 
Definitive 

Extubation, No. (%) 

Censored, No. 
(%) 

23 

(n=638) 
2 (0.3%) 304 (47.6%) 320 (50.2%) 12 (1.9%) 287 (45.0%) 332 (52.0%) 17 (2.7%) 

24 

(n=1432) 
19 (1.3%) 987 (68.9%) 415 (29.0%) 11 (0.8%) 959 (67.0%) 442 (30.9%) 12 (0.8%) 

25  

(n=1959) 
86 (4.4%) 1529 (78.1%) 324 (16.5%) 20 (1.0%) 1468 (74.9%) 365 (18.6%) 40 (2.0%) 

26 

(n=2251) 
311 (13.8%) 1731 (76.9%) 197 (8.8%) 12 (0.5%) 1673 (74.3%) 242 (10.8%) 25 (1.1%) 

27 

(n=2601) 
675 (26.0%) 1797 (69.1%) 120 (4.6%) 9 (0.3%) 1752 (67.4%) 153 (5.9%) 21 (0.8%) 

Total 

(n=8881) 
1093 (12.3%) 6348 (71.5%) 1376 (15.5%) 64 (0.7%) 6139 (69.1%) 1534 (17.3%) 115 (1.3%) 

 

ETTV, endotracheal ventilation; GA, gestational age 
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Supplementary Table S8. Numbers of Infants Who Died, Were Censored, or Were Successfully Weaned Off Respiratory 

Support, According to Gestational Age 

 

GA at 

Birth, 

Weeks 

(No.) 

Weaning Off All PPV 

(Invasive and Non-invasive) 

Weaning Off All Respiratory Support 

(Invasive and Non-Invasive PPV and LFO2) 

Weaned Off All 

PPV, No. (%) 

Death While on PPV or 

Within 7 Days After 

Weaning Off, No. (%) 

Censored, 

No. (%) 

Weaned Off All 

PPV and LFO2, 

No. (%) 

Death While on [PPV or LFO2] 

or Within 7 Days After 

Weaning Off, No. (%) 

Censored, 

No. (%) 

23 

(n=638) 
262 (41.1%) 336 (52.7%) 40 (6.3%) 142 (22.3%) 336 (52.7%) 160 (25.1%) 

24 

(n=1432) 
909 (63.5%) 452 (31.6%) 71 (5.0%) 590 (41.2%) 452 (31.6%) 390 (27.2%) 

25  

(n=1959) 
1416 (72.3%) 377 (19.2%) 166 (8.5%) 1021 (52.1%) 377 (19.2%) 561 (28.6%) 

26 

(n=2251) 
1804 (80.1%) 257 (11.4%) 190 (8.4%) 1407 (62.5%) 257 (11.4%) 587 (26.1%) 

27 

(n=2601) 
2190 (84.2%) 161 (6.2%) 250 (9.6%) 1855 (71.3%) 162 (6.2%) 584 (22.5%) 

Total 

(n=8881) 
6581 (74.1%) 1583 (17.8%) 717 (8.1%) 5015 (56.5%) 1584 (17.8%) 2282 (25.7%) 

 

GA, gestational age; LFO2, low flow oxygen; PPV, positive pressure ventilation  
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Supplementary Figure S9. Annual Trends in the Percentages of Infants Treated with Systemic Corticosteroids for the 

Prevention of Bronchopulmonary Dysplasia, According to Gestational Age  
 

 
 

Trend presented as year-over-year percentage change with 95% confidence interval.  

 

Abbreviations:  CI, confidence interval; GA, gestational age 
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