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Visual Abstract
IMPORTANCE Preterm infants must establish regular respirations at delivery. Sustained
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inflations may establish lung volume faster than short inflations.
Supplemental content
OBJECTIVE To determine whether a ventilation strategy including sustained inflations, compared

with standard intermittent positive pressure ventilation, reduces bronchopulmonary dysplasia
(BPD) or death at 36 weeks’ postmenstrual age without harm in extremely preterm infants.
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DESIGN, SETTING, AND PARTICIPANTS Unmasked, randomized clinical trial (August 2014 to
September 2017, with follow-up to February 15, 2018) conducted in 18 neonatal intensive care
units in 9 countries. Preterm infants 23 to 26 weeks’ gestational age requiring resuscitation
with inadequate respiratory effort or bradycardia were enrolled. Planned enrollment was
600 infants. The trial was stopped after enrolling 426 infants, following a prespecified review
of adverse outcomes.
INTERVENTIONS The experimental intervention was up to 2 sustained inflations at maximal

peak pressure of 25 cm H2O for 15 seconds using a T-piece and mask (n = 215); standard
resuscitation was intermittent positive pressure ventilation (n = 211).
MAIN OUTCOME AND MEASURES The primary outcome was the rate of BPD or death at 36
weeks’ postmenstrual age. There were 27 prespecified secondary efficacy outcomes
and 7 safety outcomes, including death at less than 48 hours.
RESULTS Among 460 infants randomized (mean [SD] gestational age, 25.30 [0.97] weeks;
50.2% female), 426 infants (92.6%) completed the trial. In the sustained inflation group, 137
infants (63.7%) died or survived with BPD vs 125 infants (59.2%) in the standard resuscitation
group (adjusted risk difference [aRD], 4.7% [95% CI, −3.8% to 13.1%]; P = .29). Death at less
than 48 hours of age occurred in 16 infants (7.4%) in the sustained inflation group vs 3 infants
(1.4%) in the standard resuscitation group (aRD, 5.6% [95% CI, 2.1% to 9.1%]; P = .002). Blinded
adjudication detected an imbalance of rates of early death possibly attributable to resuscitation
(sustained inflation: 11/16; standard resuscitation: 1/3). Of 27 secondary efficacy outcomes assessed by 36 weeks’ postmenstrual age, 26 showed no significant difference between groups.
CONCLUSIONS AND RELEVANCE Among extremely preterm infants requiring resuscitation at

birth, a ventilation strategy involving 2 sustained inflations, compared with standard
intermittent positive pressure ventilation, did not reduce the risk of BPD or death at 36
weeks’ postmenstrual age. These findings do not support the use of ventilation with
sustained inflations among extremely preterm infants, although early termination of the trial
limits definitive conclusions.
TRIAL REGISTRATION clinicaltrials.gov Identifier: NCT02139800
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reterm infants with weak respiratory muscles and liquidfilled lungs1,2 struggle to aerate their lungs. A metaanalysis of randomized trials comparing noninvasive
respiratory support in the delivery room with continuous
positive airway pressure (CPAP) against intubation and ventilation showed CPAP was associated with a reduced risk
of bronchopulmonary dysplasia (BPD) or death.3 A longer
inspiratory time during positive pressure ventilation, 5 seconds vs 1 second, facilitated spontaneous respiration in fullterm infants.4 Establishing adequate lung volume quickly
may reduce the risk of BPD. Sustained inflations appeared
beneficial in animal models.5,6
Randomized trials of sustained inflations (>5 seconds’ duration) are limited, especially for preterm infants between 23
to 26 weeks’ gestational age. Pooled data of randomized trials
totaling 564 infants showed sustained inflations were associated with reduced need for mechanical ventilation.7 Another
meta-analysis of 941 infants found no benefit on mortality.8
In infants younger than 30 weeks’ gestation, sustained inflations are used frequently in Europe9 but uncommonly in the
United States. The European Resuscitation Council recommends up to 5 inflation breaths of 2 to 3 seconds if an infant is
apneic or gasping.10 However, the International Liaison Committee on Resuscitation concluded more data are needed.11
This study evaluated the hypothesis that sustained inflations, compared with standard intermittent positive pressure
ventilation, reduces the risk of BPD or death at 36 weeks’
postmenstrual age without increasing harm in extremely preterm infants.

Methods
Study Design
The Sustained Aeration for Infant Lungs (SAIL) Trial was a pragmatic, unblinded, randomized parallel-group trial in 18 neonatal intensive care units in 9 countries (United States,
Australia, the Netherlands, Canada, Germany, Italy, Austria,
South Korea, and Singapore; August 2014-September 2017).
The protocol has been published12 and is available in Supplement 1. The statistical analysis plan is in Supplement 2.
Institutional review boards (IRBs) at each center approved the study. Two methods were used to obtain written
informed consent by the local study team. At 12 sites, women
likely to deliver in the gestational age window were approached for antenatal consent, unless delivery was imminent. Institutional review boards at 6 sites endorsed a deferred consent process (Royal Women’s Hospital, Melbourne,
Australia; Academic Teaching Hospital, Landeskrankenhaus
Feldkirch, Feldkirch, Austria; Royal Alexandra Hospital,
Edmonton, Canada; Leiden University Medical Center, Leiden,
the Netherlands; Emma Children’s Hospital, Amsterdam, the
Netherlands; and Seoul National University Medical Center,
Seoul, South Korea). Four IRBs allowed this only when antenatal consent was impossible because of insufficient time or
maternal condition; 2 sites only obtained deferred consent. Researchers and IRBs at these sites considered the deferred approach appropriate for 2 reasons. First, sustained inflation was
1166

Key Points
Question Does a ventilation strategy that involves sustained
inflations, compared with standard intermittent positive pressure
ventilation, reduce the risk of bronchopulmonary dysplasia or
death among extremely preterm infants?
Findings In this randomized clinical trial involving 426 infants that
was stopped early due to suggestion of harm in the sustained
inflation group, there was no significant difference in the rate of
bronchopulmonary dysplasia or death at 36 weeks’ postmenstrual
age for infants treated with sustained inflation vs standard
resuscitation (63.7% vs 59.2%).
Meaning These findings do not support the use of a ventilation
strategy involving sustained inflations among extremely
preterm infants, although early termination of the trial limits
definitive conclusions.

standard care at some sites. Second, the generalizability of results obtained using antenatal consent is questioned.13 Regulations in these countries allowed deferred consent, and the
Eunice Kennedy Shriver National Institute of Child Health and
Human Development and data and safety monitoring committee (DSMC) reviewed consent procedures. Investigators and
delegates obtained written consent and addressed any questions from the mother after delivery.

Participants
Infants between 23 weeks 0 days’ and 26 weeks 6 days’ gestational age were eligible if they required positive pressure resuscitation because of inadequate respiratory effort or a heart
rate less than 100 beats per minute (bpm).10,11,14,15 Infants
deemed nonviable or with major anomalies (including pulmonary hypoplasia with oligohydramnios) were excluded. Selfidentified maternal race/ethnicity was recorded, as required
by the National Institutes of Health.

Randomization
The trial used computer-generated permuted block randomization, with variable block sizes of 2, 4, or 6, stratified by site
and gestational age (23 weeks-24 weeks and 6 days; and 25
weeks-26 weeks and 6 days). Sealed opaque envelopes, color
coded by gestational age strata, were opened on confirming
eligibility. Multiple births were randomized to the same group.

Delivery Room Intervention
eFigure 1 in Supplement 3 shows implementation of study interventions. Site education, including online videos, encouraged predelivery huddles to allocate roles of team members.
Cord clamping followed local practice. Placement of eligible
infants on a resuscitation bed became the reference time point,
timed by a study team member or a caregiver. Ensuing routine care followed international guidelines,14 including those
of the Neonatal Resuscitation Program,15 advising plastic wrapping, stimulation, and oxygen saturation monitoring. Determination of heart rate was mandated and ascertained using at
least 2 of the following methods: pulse oximetry, electrocardiogram, palpation, or auscultation. Airway assessment and
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clearing was followed by initial CPAP of 5 to 7 cm H2O using
locally preferred interfaces. Within 30 seconds, if caregivers
assessed the infant as meeting criteria for further intervention, the randomization envelope was opened.
In the sustained inflation group, a sustained inflation lasting 15 seconds at a peak pressure of 20 cm H2O was given, followed if necessary by a second sustained inflation of 15 seconds at a peak of 25 cm H2O; both were delivered noninvasively
by either a face mask or a nasopharyngeal tube (as unit protocol dictated) attached to a T-piece resuscitator. Investigators and external experts determined the parameters for the
sustained inflations because optimal duration and pressure of
sustained inflations are uncertain.16 The standard resuscitation group received intermittent positive pressure ventilation with positive end-expiratory pressure.
Otherwise, resuscitation was conducted according to local unit protocol. In both groups, standard ventilation corrective steps were undertaken if the infant did not respond. Following the experimental procedure, care reverted to standard
pathways.

Respiratory Management After Delivery
Criteria for intubation in the delivery room followed
recommendations.10,11,14,15 Extubation was recommended
within 24 hours of meeting all the following criteria: PCO2 of
55 mm Hg or less, pH of 7.25 or greater, fraction of inspired oxygen (FIO2) of 0.40 or less with oxygen saturation as measured
by pulse oximetry (SpO2) of 88% or greater, mean airway pressure of 8 cm H2O or less with hemodynamic stability, and receiving caffeine. Intubation criteria included any of FIO2 of 0.50
or greater to maintain SpO2 of 88% or greater, pH of 7.22 or less,
PCO2 of 70 mm Hg or greater, more than 1 apneic event requiring intermittent positive pressure ventilation within 6 hours,
6 or more apneic events requiring stimulation within 6 hours,
cardiovascular instability, or need for surgery.

Primary Outcome
The primary outcome was a composite of death or survival with
BPD by 36 weeks’ postmenstrual age. On-site investigators provided best estimates of causes of death. Bronchopulmonary
dysplasia was defined as the receipt of any form of positive airway pressure support or supplemental oxygen at 36 weeks.17
Supplemental oxygen requirement was defined as an FIO2 of
0.30 or greater, or by an oxygen reduction test18 if the FIO2 was
0.22 to 0.29, performed by nonstudy personnel. Infants were
classified as having BPD if during stepwise reductions in the
inspired FIO2, they displayed symptoms (apnea >20 seconds
or heart rate <80 bpm for >10 seconds) or an oxygen saturation of less than 88. For infants missing oxygen reduction tests
(eg, transferred prior to 36 weeks to a facility outside of the
trial sites or oversight), BPD was defined as any supplemental
oxygen use at 36 weeks’ postmenstrual age.

Secondary Outcomes
Prespecified secondary outcomes covered efficacy (n = 27) and
safety (n = 7), and 5 DSMC-requested adverse events. These
are listed in eMethods 1 in Supplement 3. Efficacy outcomes
included the 2 individual components of the primary out-
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come at 36 weeks’ postmenstrual age; respiratory outcomes
following delivery; outcomes reflecting intensity of support by
48 hours’ age, 7 days, and 10 days; retinopathy of prematurity stage 3 or greater; death in hospital; survival without morbidity; length of stay; use of postnatal steroids; and duration
of respiratory support at discharge. Safety outcomes included death within 48 hours; oxygen requirements of 40%
or more within 48 hours; rates of pneumothorax, pulmonary
interstitial emphysema (air leaks), or pneumopericardium in
the first 10 days; grade 3 or 4 intraventricular hemorrhage
within the first 10 days; and any other serious adverse events.
Exploratory outcomes included surfactant, need for mechanical ventilation over the first 14 days after birth, necrotizing enterocolitis, retinopathy of prematurity of any grade, intraventricular hemorrhage of any grade,19 pulmonary hemorrhage,
and patent ductus arteriosus. Neurodevelopmental and respiratory outcomes at 22 to 26 months’ age are still being collected and are not reported here.

Statistical Analysis
Recent data of 2 randomized trials evaluating CPAP in the delivery room targeted absolute reductions in primary outcomes of 10%.20,21 However, because CPAP is less technically
demanding than sustained aeration, we targeted an absolute
reduction of 12.5%. Estimating event rates in the standard resuscitation group at 65%, to detect a 12.5% absolute reduction in the rate of death or BPD between the 2 groups at 80%
power and 2-sided α = .038 (with 2 interim analyses), 263 infants per group were required. This was inflated by 1.12 for clustering of multiple births with a final number of 592; recruitment targeted 300 infants per group. Preplanned DSMC
adverse event review when 10 infants were enrolled was to be
followed by further review at 100, 200, and 400 infants for
harm and 200 and 400 infants for efficacy. O’Brien-Fleming
boundaries for the primary outcome were specified as
α = .0002 at 200 infants, α = .012 at 400 infants, and α = .038
at 600 infants for 2-sided tests.
The primary outcome was analyzed as randomized in all
consented and randomized infants, blinded to allocation. Generalized estimating equations (GEEs) compared the 2 groups
to control for clustering within multiple births. Analyses were
planned to be adjusted for gestational age, site, infant sex, small
for gestational age, initial heart rate, maternal corticosteroid
use, and consent type used. The marginal probability of death
or BPD in each group was computed from the GEE model and
compared using adjusted risk differences (aRDs) and relative
risks (RRs).22
Secondary outcomes, including adverse events, were also
analyzed using GEE models and aRDs with 95% CIs. Event rates
per 100 infant days were calculated based on the number of
days an infant was at risk for each outcome. GEE-based Poisson regressions computed incidence rate ratios with 95% CIs
and P values.
A post hoc sensitivity analysis for the primary outcome
was performed excluding infants not receiving an oxygen
reduction test. Post hoc subgroup analyses of prognostic factors (infant sex, gestational age, maternal corticosteroid
use, consent type used, and continent of site [because the
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intervention was more frequently used in Europe]) used tests
for interactions to determine effect modification on observed
treatment differences. Post hoc Kaplan-Meier survival curves
were generated for the secondary outcome of death and compared between groups using log-rank tests.
After early stopping, the DSMC requested a post hoc
Bayesian analysis to assess outcomes as if full recruitment
had been completed. We used the predictive probabilities
software for this purpose.23 Interim results from the study
as of January 2018, with hypothetical prior estimates of
mortality risk in each group (estimated from varying hypothetical sample sizes), estimated the probability distribution
of possible outcomes (favor sustained inflation, favor standard resuscitation, or indeterminant) under full recruitment. (For further analytical methods, see eMethods 2 in
Supplement 3.)
Analyses, except post hoc Bayesian ones, were conducted using Stata version 15.1 (StataCorp). A 2-sided P < .05
defined statistical significance. No adjustments for multiple
comparisons were made so secondary outcome results should
be interpreted as exploratory.

lar in the 2 groups (Table 1). Exposure to any antenatal corticosteroids was high—more than 96% in both groups; however, fewer mothers in both groups received full courses (78.1%
in the sustained inflation vs 78.2% in the standard resuscitation group). Median birth weight was similar between groups.
Most infants were in the 25- to 26-week gestational age stratum (64.7% in the sustained inflation and 64.5% in the standard resuscitation group), and the overall mean (SD) gestational age was 25.30 (0.97) weeks. In the sustained inflation
group (n = 215), 27 infants received 1 sustained inflation and
188 received 2 sustained inflations.

Primary Outcomes
All infants had the outcome of death available, and 11 of 348
infants (3.2%) alive at 36 weeks had missing oxygen reduction tests needed for BPD determination. The rate of the primary outcome consisting of death or BPD at 36 weeks’ postmenstrual age in the sustained inflation group (63.7%) did not
significantly differ from the standard resuscitation group
(59.2%) (aRD, 4.7% [95% CI, −3.8% to 13.1%]; P = .29) (Table 2).

Secondary Outcomes
Data and Safety Monitoring Committee
Prior to trial commencement, a DSMC was appointed and
consisted of 3 neonatologists with expertise in resuscitation
and/or ethics, a trial statistician, and a representative of the
National Institute of Child Health and Human Development.
A priori stopping rules for adverse events and efficacy were
established. To detect early harm, events in the first 10 days
of life were monitored, including early death defined as
occurring in the first 48 hours and related events within the
first few days of delivery (pneumothorax, pulmonary interstitial emphysema [air leaks], chest compressions, need for
epinephrine, pulmonary hemorrhage, and intraventricular
hemorrhage). The DSMC blindly reviewed all early deaths to
assess any possible relationship to the allocation group.
The study was temporarily halted in September 2017 after the third DSMC review. In January 2018, after all randomized infants had reached 36 weeks’ postmenstrual age, the
DSMC reconvened. The trial was closed to recruitment due to
harm as detected by a preplanned analysis of early deaths.

Results
Participants
The determination of the primary outcome in the last infant
occurred on November 26, 2017, and the last infant was discharged from a study site on February 15, 2018. A total of 215
infants were randomized to the sustained inflation group and
211 to the standard group. Of 426 enrolled infants, antenatal
consent was obtained for 235 and deferred consent for 191
(Figure 1). Of 300 antenatally consented infants assessed for
eligibility, 65 were ineligible at delivery, while in the deferred
consent process, of 225 eligible infants randomized, 34 infants were excluded following refusal of consent. Proportions of consent types were similar by group. Demographic and
clinical characteristics of the mothers and infants were simi1168

The secondary outcomes of the components of the primary
outcome were not statistically significantly different between groups: death at 36 weeks’ postmenstrual age (20.9%
in the sustained inflation vs 15.6% in the standard resuscitation group; aRD, 5.2% [95% CI, −2.3% to 12.7%]) and BPD
(42.8% in the sustained inflation vs 43.6% in the standard resuscitation group; aRD, 0.5% [95% CI, −8.5% to 9.4%]) (Table 2).
Of the other prespecified secondary efficacy outcomes
(Table 3), only heart rate less than 60 bpm after the first resuscitation maneuver was statistically significantly different
between groups (23.4% in the sustained inflation vs 11.4% in
the standard resuscitation group; aRD 24.7% [95% CI, 12.0%37.5%]; P < .001).
The only statistically significant difference in prespecified secondary safety outcomes by infant (Figure 2) was in the
rate of early death, 16 (7.4%) in the sustained inflation group
(11 of these were in the 23- to 24-week stratum) and 3 (1.4%)
in the standard resuscitation group (2 in the 23- to 24-week stratum) (aRD, 5.6% [95% CI, 2.1%-9.1%]; P = .002; aRR, 4.7 [95%
CI, 1.4-16.2]; P = .01). Other prespecified safety outcomes, at
varying time epochs (in the delivery room, within the first 48
hours of life, or up to the first 10 days), were not significantly
different between groups by infant or by incidence rates by proportion of infants (eFigure 2 in Supplement 3).

Exploratory Outcomes
Exploratory secondary outcomes included surfactant, epinephrine, and chest comparisons in the delivery room, and
showed no statistically significant differences between groups
(eTable 1 in Supplement 3).

Post Hoc Analyses
In a post hoc sensitivity analysis, exclusion of the 11 infants
without an oxygen reduction test did not substantially
change the results for the primary outcome (eTable 2 in
Supplement 3). Rates of the primary outcome by continental
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Figure 1. Patient Recruitment, Randomization, and Retention
1302 Mothers assessed for eligibility
under antenatal consent
1033 Excluded
676 Excluded prior to consent
261 Refused to participate
126 Discharged/born outside gestational age
window before consent obtained
102 Imminent delivery
80 Unavailable to consent
43 Physician requested palliative care
25 Language barrier
15 Unable to consent/surrogate
10 Still considering when delivered
5 Enrolled in another trial
9 Other
357 Excluded after consent
337 Delivered outside gestational age window
11 Emergent/precipitous delivery
5 Research team unavailable
4 Oversight/unaware of consent
546 Infants assessed for eligibility
at delivery
300 Under antenatal consent
246 Under deferred consent
86 Excluded for ineligibility at delivery
70 Adequate respiratory effort
10 Nonviable/major anomaly
6 Stillborn

460 Infants randomized

236 Randomized to sustained
inflation group

224 Randomized to standard
resuscitation group

21 (of 114) Consent refused
under deferred consent

13 (of 111) Consent refused
under deferred consent

215 Continued participation after
consent verified
215 Received intervention
as randomized
0 Did not receive intervention
as randomized

211 Continued participation after
consent verified
210 Received intervention
as randomized
1 Did not receive intervention
as randomized

0 Lost to follow-up

0 Lost to follow-up

215 Included in 36 weeks' primary
analysis

211 Included in 36 weeks' primary
analysis

site compared by post hoc exact Mantel-Haenszel relative
risks to test for homogeneity 25 showed no differences
(P = .78). Examination of subgroups found no statistically significant interactions in any subgroup analysis (eFigure 3 in
Supplement 3). Post hoc Kaplan-Meier analysis (eFigure 4 in
Supplement 3) showed excess mortality in the first week of
life (log-rank test: first week: P = .001; entire curve: P = .11).
After the DSMC blindly reviewed early deaths, 11 of 16 early
deaths in the sustained inflation group vs 1 of 3 in the standard resuscitation group were considered possibly related to
allocation group. Of the 19 early deaths, 13 were in the lower
gestational age stratum, with the predominant cause being assigned as cardiorespiratory failure (respiratory failure, 5; as-

In the antenatal consent procedure,
the informed-consent rate was 48%
of women assessed for potential
eligibility (626 of 1302 screened).
Three hundred infants from 269
mothers for whom consent was given
antenatally were assessed for
eligibility. Of the infants delivered
within the gestational age inclusion
dates, but who could not be
randomized (n = 65), most being
infants with adequate respiration
(n = 52). In centers undergoing a
deferred-consent procedure, of 246
infants assessed for eligibility having
met inclusion criteria, 18 had
adequate respiration at birth and
were not randomized.

phyxia or failed transition, 4; pulmonary hypertension, 2; hemorrhagic shock, 1; and pneumothorax, 1). Only 8 of 19 (42.1%)
of those who had an early death survived long enough for a
head ultrasound. Of these 3 (37.5%) had an intraventricular
hemorrhage, 1 of whom also had a catastrophic gastrointestinal perforation. There were 3 cases of sepsis. eTable 3 in
Supplement 3 compares early with late deaths, but does not
reveal differences in selected risk factors.
To assess whether a significant mortality effect at 36 weeks
was possible at full recruitment, a post hoc Bayesian analysis
was performed at the request of the DSMC. For each scenario,
hypothetical prior estimates of mortality risk in each group
were set at 0.15 or 0.20, corresponding to noninformative priors
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Table 1. Maternal and Infant Characteristics by Randomized Group
Resuscitation, No. (%)
Sustained Inflation (n = 215)

Standard (n = 211)

Antenatal

122 (56.7)

113 (53.6)

Deferred

93 (43.3)

98 (46.4)

31.1 (26.5-35.4)

30.5 (26.0-34.9)

White

148 (68.8)

110 (52.1)

Black

29 (13.5)

50 (23.7)

Asian

18 (8.4)

23 (10.9)

Othera

20 (9.3)

28 (13.3)

Consent type

Maternal age, median (IQR), y
Maternal race/ethnicity

Receipt of antenatal corticosteroids
Any

208 (96.7)

205 (97.2)

Full course

168 (78.1)

165 (78.2)

Placental abruption

33 (15.3)

28 (13.3)

Chorioamnionitis (defined clinically)

81 (37.7)

68 (32.2)

Mode of delivery
Vaginal vertex

68 (31.7)

62 (29.4)

Vaginal breech

13 (6.0)

15 (7.1)

Cesarean delivery

134 (62.3)

134 (63.5)

13.7 (12.2-15.0)

13.9 (12.4-15.4)

Male

119 (55.3)

103 (48.8)

Female

96 (44.7)

108 (51.2)

Infant hemoglobin, median (IQR), g/dLb
Infant sex

Gestational age
23- to 24-wk stratum

76 (35.3)

75 (35.5)

25- to 26-wk stratum

139 (64.7)

136 (64.5)

Birth weight, median (IQR), g

725 (620-855)

731 (630-845)

Proportion <10th centile birth weightc

28 (13.0)

25 (11.8)

Immediate: 0-15

138 (64.2)

138 (65.4)

Intermediate: >15-30

42 (19.5)

30 (14.2)

Abbreviation: IQR, interquartile
range.

Delayed: >30

35 (16.3)

43 (20.4)

a

Single

158 (73.5)

153 (72.5)

Twin

54 (25.1)

54 (25.6)

Other race/ethnicity consisted of
mixed (n = 7), North American
Indian (n = 6), Hawaiian/Pacific
Islander (n = 3), or not
specified/unknown (n = 32).

Triplet

3 (1.4)

4 (1.9)

b

1

35 (16.3)

32 (15.2)

Infant hemoglobin levels were
measured via blood gas in the
delivery room.

c

2

30 (14.0)

35 (16.6)

3

24 (11.2)

24 (11.4)

Centile weights were adjusted for
gestational age and sex, as per
Kramer et al.24

4

20 (9.3)

23 (10.9)

d

5

21 (9.8)

18 (8.5)

6

16 (7.4)

17 (8.1)

7

15 (7.0)

13 (6.2)

8

13 (6.0)

11 (5.2)

Timing of all study interventions
was relative to the time the infant
was placed on the resuscitation bed.
The timing of umbilical cord
clamping after birth was performed
per local clinical practice and
recorded by the clinical team.

9

11 (5.1)

10 (4.7)

e

10

7 (3.3)

7 (3.3)

11

6 (2.8)

7 (3.3)

12-18

17 (7.9)

14 (6.6)

Site ordered by recruitment
numbers. Sites 12-18 contributed
less than 3% of patients in each
group. Sites 19-22 did not recruit
any eligible infants.

Time of cord clamping, sd

Multiple birth status

e

Site

(equal mortality in the 2 groups) and informative prior probabilities (different event rates per group). Hypothetical prior
sample sizes per group ranged from 10 to 200. All scenarios
1170

tested showed the most likely outcome was indeterminate26
(favoring neither group), with probabilities ranging from 64%
to 99.9% (eTable 4 in Supplement 3).
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Table 2. Primary Composite Outcome and Component Secondary Outcomes at 36 Weeks’ Postmenstrual Age
Resuscitation, No. (%)
Outcome
Death or bronchopulmonary dysplasia

a

Sustained Inflation (n = 215)
137 (63.7)

Standard (n = 211)
125 (59.2)

Adjusted Risk Difference,
% (95% CI)a
4.7 (−3.8 to 13.1)

Adjusted Relative Risk
(95% CI)
1.1 (0.9 to 1.2)

P Valueb
.29

Death

45 (20.9)

33 (15.6)

5.2 (−2.3 to 12.7)

1.3 (0.9 to 1.9)

.17

Bronchopulmonary dysplasia

92 (42.8)

92 (43.6)

0.5 (−8.5 to 9.4)

1.0 (0.8 to 1.2)

.92

Risk difference of sustained inflation − standard resuscitation calculated using
marginal probabilities from adjusted generalized estimating equation models.
Covariates adjusted for in all models were gestational age, site, infant sex,
maternal corticosteroid use, initial heart rate, small for gestational age, and

consent type used. Also adjusted for the correlation between infants from
multiple births.
b

P value from comparison of adjusted risk difference.

Table 3. Adjusted Comparisons of Prespecified Secondary Efficacy Outcomes by Group
Resuscitation, No. (%)
Sustained Inflation
(n = 215)

Standard (n = 211)

Adjusted Risk Difference,
% (95% CI)a

<60

50 (23.4)

24 (11.4)

24.7 (12.0 to 37.5)

60-100

110 (51.4)

99 (47.1)

12.6 (2.7 to 22.6)

>100

54 (25.2)

87 (41.4)

[Reference]

111 (51.6)

119 (56.4)

−4.3 (−12.0 to 3.5)

Respiratory distress

43 (38.7)

45 (37.8)

Resuscitation

52 (46.8)

51 (42.9)

Persistent apnea after stabilization

7 (6.3)

17 (14.3)

Surfactant administration

7 (6.3)

4 (3.4)

Other

2 (1.8)

2 (1.7)

CPAP

88 (41.7)

88 (41.9)

−1.7 (−9.8 to 6.4)

PPV

116 (55.0)

114 (54.3)

[Reference]

Other

7 (3.3)

8 (3.8)

NA

CPAP, cm H2O

6.4 (1.0)

6.4 (1.0)

PPV PIP

20.1 (5.5)

19.2 (4.9)

PPV PEEP

5.7 (0.8)

5.4 (0.7)

PPV frequency

48.7 (11.5)

47.2 (11.0)

69 (32.7)

62 (29.5)

0.8 (−8.4 to 10.0)

.87

Inotrope administered on DOL 1

36 (16.7)

24 (11.4)

5.3 (−1.3 to 11.9)

.12

Pneumothoraxe

10 (4.7)

11 (5.2)

−1.5 (−7.6 to 4.6)

.63

Need for new chest drains

6 (2.8)

7 (3.3)

−1.8 (−6.7 to 3.2)f

.49

Oxygen requirement of FIO2 ≥0.4 for ≥2 h, No./total No. (%)d,g

64/196 (32.7)

67/192 (34.9)

−2.3 (−11.5 to 7.0)

.63

No.

198

193

Median (range), fraction

0.42 (0.21 to 1.00)

0.45 (0.21 to 1.00)

153 (71.2)

154 (73.0)

−2.1 (−10.4 to 6.1)

.61

108/198 (54.5)

105 (53.3)

0.5 (−8.0 to 9.1)

.90

−4.8 (−10.9 to 1.4)f

.13

−4.2 (−11.2 to 2.7)

.23

Outcome

P Valueb

Delivery Room
Heart rate after first resuscitation maneuver, bpm

Intubation in delivery room

<.001
.28

Reason for intubation in delivery room

Final respiratory supportc

.68

Final pressure-volume characteristics, mean (SD)c

Final FIO2 ≥0.4c,d
First 48 h of Life

Highest FIO2 level recorded after deliveryd

Intubation in delivery room or during first 48 h of life
First 7 d of Life
Death or ventilation on DOL 7, No./total No. (%)g
First 10 d of Life
Need for new chest drains

7 (3.3)

14 (6.6)

Time with any chest drains, mean (SD), dh

4.7 (2.9)

4.7 (2.8)

No.

179

183

Median (range), fraction

0.49 (0.22 to 1.00)

0.45 (0.23 to 1.00)

16 (7.4)

22 (10.4)

Highest FIO2 level recorded from 48 h to 10 d of lifed,g

Air leaki

(continued)
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Table 3. Adjusted Comparisons of Prespecified Secondary Efficacy Outcomes by Group (continued)
Resuscitation, No. (%)
Sustained Inflation
(n = 215)

Outcome

Standard (n = 211)

Adjusted Risk Difference,
% (95% CI)a

P Valueb

Hospital Discharge
Retinopathy of prematurity (grades 3 and 4), No./total No. (%) 39/196 (19.9)

41/182 (22.5)

−3.6 (−11.9 to 4.7)

.40

Death in hospitalg

48 (22.3)

35 (16.6)

5.4 (−2.4 to 13.1)

.17

Survival to discharge home without BPD, retinopathy
of prematurity (grades 3 and 4), or significant brain
abnormalities on head ultrasound

71 (33.0)

73 (34.6)

−3.6 (−11.7 to 4.4)

.37

−0.2 (−9.3 to 8.9)

.96

Length of hospital stay in infants discharged home, wkj
No.

90

101

Median (range)

15 (7.6 to 31)

15.3 (9.4 to 29)

75/196 (38.3)

72/185 (38.9)

4/75 (5.4)

3/72 (4.2)

Use of postnatal steroids for treatment of BPD,
No./total No. (%)g
Only inhaled corticosteroids administered,
No./total No. (%)g

Abbreviations: BPD, bronchopulmonary dysplasia; bpm, beats per minute;
CPAP, continuous positive airway pressure; DOL, days of life; FIO2, fraction of
inspired oxygen; NA, not applicable; PEEP, positive end-expiratory pressure;
PIP, peak inspiratory pressure; PPV, positive pressure ventilation.
a

Risk difference of sustained inflation − standard resuscitation calculated using
marginal probabilities from adjusted generalized estimating equation models.
Covariates adjusted for were gestational age, site, infant sex, maternal
corticosteroid use, initial heart rate, small for gestational age (except where
indicated with tablenote “f”), and consent type used. Also adjusted for the
correlation between infants from multiple births.

b

P value calculated from adjusted generalized estimating equation models and
are not adjusted for multiple outcomes.

c

Only includes infants who survived resuscitation (sustained inflation group:
n = 211; standard group: n = 210). “Final” refers to the last measurement taken
in the delivery room.

d

Secondary outcome of area under hourly FIO2 curve not assessed because
sites found this too costly and complex to record. To substitute for this, the

Discussion
In extremely preterm infants requiring resuscitation at birth,
sustained inflations, compared with standard care with intermittent positive pressure ventilation, did not reduce the rate
of death or BPD at 36 weeks’ postmenstrual age. An unexpected excess mortality rate with sustained inflation in
the first 48 hours of life led to early trial closure, although mortality at 36 weeks’ postmenstrual age was not different and
Bayesian analysis suggested a beneficial effect was unlikely
even with full recruitment. Sustained inflation is currently standard practice in parts of Europe9 based on studies in animals,
asphyxiated term infants,4 and smaller human randomized
clinical trials in both preterm and near-term infants.7,8,27-35 Previous studies showed a reduction in mechanical ventilation
within the first 72 hours of life27,28 in infants receiving sustained inflation. Two meta-analyses7,8 found a short-term benefit of sustained inflation, but a Cochrane review8 suggested
caution in interpretation of pooled analyses, noting marked
interstudy heterogeneity.
Prior smaller studies included more mature infants,27,31-35
involved shorter inspiratory durations,29 reported surrogate
outcomes,29,35 had important co-interventions,27 or were
stopped early for futility. 30 This trial used sustained in1172

simpler FIO2 was substituted because this was possible to collect and conveys
similar information.
e

Was also a prespecified safety outcome at 10 days of life. See Figure 2 and
eFigure 2 in Supplement 3 for more information.

f

Not small for gestational age.

g

Outcome with missing data due to transfer or death prior to assessment. Both
the number of infants with the outcome and the number assessed are shown.

h

Only reported for the 21 infants with chest drains within the first 10 days of life.

i

Air leak was defined as radiographic evidence of pneumothorax, pulmonary
interstitial emphysema, or pneumopericardium. The individual components
were also prespecified safety outcomes at 10 days of life. See eFigure 2 in
Supplement 3 for more information.

j

Excludes infants who died (n = 83), were transferred to another hospital with
no known discharge date from that facility (n = 109), or were still hospitalized
at 44 weeks’ postmenstrual age (n = 43).

flations with peak pressures that were similar to prior
studies27,28,30 and durations similar to some.27,30
This study used a rescue approach in which eligible infants had demonstrated failure of transition, with gasping or
apnea and/or bradycardia below 100 bpm, thus selecting the
highest-risk infants. The study by Lista et al28 enrolled infants between 25 weeks’ and 28 weeks 6 days’ gestational age,
including a subgroup (25 to 26 weeks’ gestation) similar to
one stratum in the present study. They used 2 sustained inflations (25 cm H2O for 15 seconds), followed by CPAP of 5 cm
H2O, in 148 infants, finding an adjusted RR for death of 1.39
(95% CI, 0.66-2.93). In contrast to Lista et al,28 a higher incidence of air leaks was not seen in this study. Moreover, no evidence of short-term benefits in delivery room outcomes or in
the proportion of infants unintubated at day 3 was observed.
Differences between the results may reflect differences in the
sustained inflation approaches. Lista et al28 used a prophylactic approach in all extremely preterm infants. The present study
may have preferentially selected infants with apnea, who are
more likely to have a closed glottis and be unresponsive to the
intervention.36 Prior studies included infants likely to be
breathing spontaneously.27,28,33-35
The early deaths were predominantly in the smallest,
most vulnerable infants. Supporting transition at birth in
the most immature infants may require gentler support than
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Figure 2. Adjusted Comparisons of Prespecified Secondary Safety Outcomes and Adverse Events by Group
Event Rate, No. (%)

Event

Sustained
Inflation
(n = 215)

Standard
Resuscitation
(n = 211)

Adjusted Risk
Difference, %
(95% CI)
–1.9 (–9.8 to 5.9)

Favors Sustained
Inflation

Favors Standard
Resuscitation

Within first 2 days of life
FIO2 ≥0.4 for ≥2 h

50 (23.3)

52 (24.6)

Epinephrine

5 (2.3)

2 (1.0)

1.5 (–0.9 to 3.9)

Chest compressions

6 (2.8)

8 (3.8)

–1.4 (–4.7 to 1.9)

16 (7.4)

3 (1.4)

5.6 (2.1 to 9.1)

Death
Within first 10 days of life
IVH grade I/II

51 (23.7)

44 (20.9)

IVH grade III/IV

21 (9.8)

22 (10.4)

–0.3 (–6.2 to 5.5)

3.2 (–5.0 to 11.4)

Pneumothorax

11 (5.1)

19 (9.0)

–4.0 (–9.0 to 1.0)

Pulmonary interstitial emphysema

7 (3.3)

6 (2.8)

0.0 (–3.1 to 3.2)

Pneumopericardium

0

0

At 28 days of life
>30% Oxygen

66 (30.7)

76 (36.0)

–4.5 (–14 to 4.6)

Mechanical support

84 (39.1)

91 (43.1)

–3.1 (–12 to 5.5)
–15

–10

–5

0

5

Adjusted Risk Difference (95% CI)

the sustained inflations used. Effects of sustained inflation may
vary depending on the amount of lung liquid present and the
maturity of the lung. In some infants, sustained inflation could
overdistend the lung, causing air leaks and predisposing to
intraventricular hemorrhage. However, in this trial, the difference in early deaths could not be attributed to air leak, and
only 3 infants had a confirmed intraventricular hemorrhage,
although only 8 of 19 received a head ultrasound investigation. While the imbalance of early death by randomized group
is evident, no specific cause was identifiable. This harm may
be a chance finding.
Some non-US sites used a deferred consent process, which
is uncommon in the United States but legal in other countries
with strict provisions.37-39 Restriction of the consent process
to an antenatal approach may result in bias,13,37-39 as women
presenting with apparent preterm labor do not predictably deliver preterm, while mothers who precipitously deliver preterm are often unable to provide consent before delivery. At
all sites, investigators pursued an open dialogue with parents,40
overseen by site principal investigators and their IRB.
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