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The International Liaison Committee on Resuscitation prioritized review of sustained
inﬂation (SI) of the lung at birth.
CONTEXT:

abstract

To complete a systematic review and meta-analysis comparing strategies using 1 or
more SI $1 second with intermittent inﬂations ,1 second for newborns at birth.

OBJECTIVE:

Medline, Embase, and Evidence-Based Medicine Reviews were searched from
January 1, 1946, to July 20, 2020.

DATA SOURCES:

STUDY SELECTION:

Studies were selected by pairs of independent reviewers in 2 stages.

DATA EXTRACTION: Reviewers extracted data, appraised risk of bias, and assessed certainty of
evidence for each outcome.
RESULTS: Ten trials enrolling 1502 preterm newborns were included. Five studies included newborns

who did not receive assisted ventilation at the outset. There were no differences between SI and control
groups for death before discharge or key morbidities. For death within the ﬁrst 2 days, comparing SI
with the controls, risk ratio was 2.42 (95% conﬁdence interval = 1.15–5.09). In subgroup analysis of
preterm infants #28 1 0 weeks’ gestation, for death before discharge, risk ratio was 1.38 (95%
conﬁdence interval = 1.00–1.91). Together, these ﬁndings suggest the potential for harm of SI.
LIMITATIONS: The

certainty of evidence was very low for death in the delivery room and low for
all other outcomes.
CONCLUSIONS: In this systematic review, we did not ﬁnd beneﬁt in using 1 or more SI .5 seconds
for preterm infants at birth. SI(s) may increase death before discharge among the subgroup
born #28 1 0 weeks’ gestation. There is insufﬁcient evidence to determine the likely effect of
SI(s) on other key morbidities.
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For successful transition at birth,
residual lung ﬂuid needs to be cleared
and replaced with air (lung
aeration).1,2 The majority of infants
achieve this by generating high
negative intrathoracic pressure
during their ﬁrst few breaths.3,4 For
those infants who have absent or
ineffective breathing, with or without
bradycardia, clearance of ﬂuid and
lung aeration is impaired. Preterm
infants have weak respiratory
muscles and are more likely to have
surfactant deﬁcient lungs, increasing
their risk of ineffective lung
aeration.1,5,6 The International
Liaison Committee On Resuscitation
(ILCOR) recommends that effective
ventilation is the key to successful
neonatal resuscitation.7 It has been
suggested that a sustained
inﬂation (SI), in which inﬂation
pressure is maintained for
a prolonged duration,
may help overcome initial high
resistance, move ﬂuid from the
alveoli into the interstitial space, and
help adequately expand the lungs
quickly, thus aiding in successful
transition.1,5
Researchers in preclinical studies
have shown that SI before initiating
intermittent positive pressure
ventilation (IPPV) can moreuniformly aerate the lungs and
increase functional residual
capacity.8–14 Researchers of multiple
observational studies have shown
that SI at birth is associated with
a reduction in delivery room
intubations, improved heart rate, and
reduced duration of mechanical
ventilation.1,15–22 However, in other
observational studies, researchers
have questioned the effectiveness
of SI in infants who do not
take spontaneous breaths.23–25
Internationally, guidelines vary in
recommendations regarding the
inﬂation time and pressure for the
ﬁrst few breaths.26,27 In some
locations, SI has become routine
practice. In a systematic review
conducted by ILCOR in 2015, authors

suggested against routine use of
initial SI (.5 seconds duration) for
preterm infants, but they did allow
for consideration of SI in individual
clinical circumstances or research
settings.7 Since this review, further
randomized controlled trials (RCTs),
including the largest trial for SI in
preterm infants to date, the SAIL trial,
have been published.5,7,28–34 Since
2015, ILCOR has used the Grading of
Recommendations Assessment,
Development and Evaluation
(GRADE) process to appraise
evidence.35 The need to assess
evidence for SI use during neonatal
resuscitation using GRADE, together
with the availability of new studies,
led the ILCOR Neonatal Life Support
(NLS) Task Force to conduct a new
systematic review. The meta-analysis
was designed to examine the effects
of initiating IPPV with SI(s) .1
second(s) compared with initiating
IPPV with inﬂations lasting #1
second per breath among newborn
infants who present with ineffective
respirations or bradycardia at birth.
The primary objective was to
determine effectiveness of SI versus
standard inﬂations during IPPV for
the outcome of death before hospital
discharge among infants enrolled in
RCTs.

METHODS
Protocol
This systematic review and metaanalysis were conducted in
accordance with the Cochrane
Handbook for Systematic
Reviews of Interventions and
reported following the Preferred
Reporting Items for Systematic
Reviews and Meta-analyses
(PRISMA) statement for metaanalysis in health care
interventions.36,37 The protocol was
submitted in advance of article
selection with the Prospective
Register of Systematic Reviews
(CRD42020155639, registered April
28, 2020).

PICOST
In this systematic review, we
addressed the Population,
Intervention, Comparator, Outcome,
Study Designs and Timeframe
(PICOST) question that was
created by the ILCOR NLS Task
Force and approved by the ILCOR
Scientiﬁc Advisory Committee
(Table 1).

Eligibility Criteria
Randomized or quasi-randomized
studies that compared any of the
prespeciﬁed outcomes in a group of
newborns who received SI at birth
with a control group were included.
SI was deﬁned as inﬂation that was
sustained for .1 second. Initial
application of continuous positive
airway pressure (CPAP) or
positive end expiratory pressure was
not considered a SI for the
purposes of this PICOST. Studies that
did not include a “no-SI” comparison
group (comprising IPPV with
intermittent inﬂations lasting only
#1 second per breath) were
excluded.

Outcomes
The selection and importance rating
of patient-oriented outcomes for
preterm newborns were
determined in advance through
discussion and consensus with the
ILCOR NLS Task Force.38 The primary
outcome was death before discharge.
Secondary outcomes included death
in the delivery room, death within the
ﬁrst 2 days of life, mechanical
ventilation during hospitalization, air
leaks at any time during initial
hospitalization, air leaks within the
ﬁrst 2 days, bronchopulmonary
dysplasia (BPD), intraventricular
hemorrhage (IVH) of any grade, IVH
grade 3 and above, retinopathy of
prematurity (ROP) of any stage, ROP
stage 3 or above, death to latest
follow-up, and long-term
neurodevelopmental, behavioral or
educational outcomes. BPD was
deﬁned by the Eunice Kennedy Shriver
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TABLE 1 PICOST Question
Description
Population
Intervention
Comparison
Outcomes
Study design

Time frame

For newborn infants who receive positive pressure ventilation because of
bradycardia or ineffective respirations at birth
Does initiating positive pressure ventilation with SI(s) .1 s
Compared with initiating positive pressure ventilation with intermittent
inﬂations, lasting #1 s per breath
Clinical outcomes
RCTs and nonrandomized studies (non-RCTs, interrupted time series, controlled
before-and-after studies, cohort studies) are eligible for inclusion.
Unpublished studies (eg, conference abstracts, trial protocols) are excluded.
All years and all languages are included as long as there is an English abstract.
Literature search updated to July 20, 2020.

National Institute of Child Health and
Human Development (2001) criteria
or on the basis of receiving
supplemental oxygen at 36 weeks’
postmenstrual age (as speciﬁed by
individual study authors).39,40 IVH
grades were deﬁned on the basis of
Papile et al.41 ROP stages were
deﬁned as per the International
Classiﬁcation of Retinopathy of
Prematurity or on the basis of
whether the infant received
intravitreal or surgical treatment (as
speciﬁed in individual studies).42 Air
leak was deﬁned as 1 or more of
pneumothorax, pneumomediastinum,
pneumopericardium, and pulmonary
interstitial emphysema. Although
speciﬁed in the protocol as secondary
outcomes, the ILCOR NLS Task Force
ranked each of them as critical or
important based on a published
consensus of neonatal resuscitation
guidelines developers.38

Search Strategy
Ovid Medline, Embase, and all
Evidence-Based Medicine (EBM)
Reviews (including the Cochrane
Controlled Register of Trials and
others) were searched for relevant
neonatal literature since inception
until October 25, 2019 (Supplemental
Information), without language
restrictions. The search was updated
from October 25, 2019, to July 20,
2020 (Supplemental Tables 5 and
6). An iterative approach helped in
ﬁnding key articles (identiﬁed by
content experts). Additionally,
references lists of systematic reviews

on the topic and of the ILCOR 2015
consensus on science with treatment
recommendations7 were handsearched. Trial registries (the US
National Library of Medicine
[clinicaltrials.gov], the International
Standard Randomized Controlled
Trial Number registry [isrctn.com],
and the European Union Clinical
Trials Register
[clinicaltrialsregister.eu]) were
searched from inception to July
20, 2020.

Study Selection and Data Extraction
Two authors (V.S.K. and B.U.)
independently screened titles and
abstracts. In the event of
a disagreement during the abstract
screening, the full text was reviewed.
Independent reviewers subsequently
completed full-text review for
eligibility in duplicate. A third
reviewer (A.S.) was involved for
disagreements at the full-text stage,
and ﬁnal decisions were determined
by consensus. The ﬁrst reason for
exclusion was captured
according to a predetermined,
ordered list of exclusions.
Interrater agreement for article
selection was assessed by using
Cohen k coefﬁcient at the abstract
and full-text stages.

Data Collection, Risk of Bias, and
Certainty of Evidence Assessment
For each study, pairs of authors
independently extracted
predetermined study characteristics
and outcomes and then achieved

consensus. Pairs of independent
authors (V.S.K. and B.U.) evaluated
the risk of bias (RoB) in individual
studies using the Cochrane Risk of
Bias Tool for RCTs. Similarly, 2
authors assessed the certainty of
evidence (conﬁdence in the estimate
of effect) for each outcome on the
basis of the GRADE framework,
including the calculation of the
optimal information size to assess
imprecision (GRADEpro Guideline
Development Tool; McMaster
University, Hamilton, Canada).35,36
The RoB and GRADE assessments
were then reviewed by other
authors (who are also ILCOR content
experts) to achieve consistency and
consensus.

Data Analysis
GRADEpro and Review Manager
software (v5.3; The Nordic Cochrane
Centre, Copenhagen, Denmark) were
used to summarize and analyze the
data, respectively. Standard methods
of the Cochrane Collaboration were
used for data analysis.36 Metaanalyses were performed if $2
studies were available and if
homogeneity among trials was
sufﬁcient with respect to participants
and interventions. Heterogeneity was
measured by using the I2 statistic.35,36
Trials were combined by using the
ﬁxed-effect model, regardless of
statistical evidence of heterogeneity
or effect sizes. Pooled unadjusted risk
ratios (RRs) and corresponding 95%
conﬁdence intervals (CIs) are
reported by using the MantelHaenszel method for dichotomous
variables. Forest plots were
used for the graphical representation
of RRs. To assess for publication bias,
funnel plots were visually inspected
when .8 studies were available. The
absolute risk difference and number
needed to treat were calculated when
the pooled estimate from trials
revealed a statistically signiﬁcant
beneﬁt or harm.
Prespeciﬁed sensitivity analyses were
performed to determine potential
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FIGURE 1

PRISMA ﬂow diagram of study selection.

contribution of RoB as well as to
explore potential reasons for
signiﬁcant heterogeneity where it
was evident. In addition, a sensitivity
analysis was performed to compare
effects of studies that did and did not
allow multiple SIs. Prespeciﬁed
subgroup analyses were planned if
.2 studies were available that
allowed relevant outcomes to be
distinguished by gestational age
groupings (preterm infants at #28 1
0, 28 1 1 to 31 1 6, 32 1 0 to 36 1 6,
$37 1 0 weeks (term), duration of
ﬁrst SI groupings (1–5, 6–15, .15
seconds), SI inﬂation pressure
groupings (#20 cm H2O, .20 cm
H2O), or interface or device used to
generate SI.

RESULTS
Literature Search and Study
Selection
A total of 2335 records were
identiﬁed with the search strategy;
after removing 904 duplicates, 1431

records were screened by title and
abstract. Two additional titles were
found within the reference lists of
included studies and were added
before full-text screening.32,34
Twenty-seven full-text articles were
assessed for eligibility, and 10 were
included.5,28,30–34,43–45 One trial was
excluded because it compared
continuous versus
coordinated chest compressions
together with SI.46 Two trials were
excluded because the control
group received IPPV with inﬂations
lasting longer than 1 second.21,47 One
trial was excluded because SI was
part of a package of multiple
interventions.48 Cohen k was 0.67
(good) at the abstract stage and 1.0
(full agreement) at the full-text
stage. See Fig 1 for the PRISMA
study selection diagram, including
the reasons for article exclusion.

Study Characteristics
The characteristics of included
studies are summarized in Table 2.

Studies differed in regard to the
number of infants, gestational age,
duration, and pressure used for the SI
maneuver and the number of SIs
allowed. Although the majority of
studies used T-piece resuscitators in
both the intervention and control
arms, El-Chimi et al30 used selfinﬂating bags for the control arm.
Authors of all studies except Lindner
et al43 used a facemask to deliver SI,
CPAP, or intermittent PPV. Treatment
in the control group varied
signiﬁcantly across the studies; in
particular, in 5 of the 10 studies, some
infants did not receive IPPV from the
outset of inclusion in the respective
study.28,31,33,44,45 Thus, the
comparator group in these studies
can be best regarded as CPAP or IPPV,
not just IPPV.

RoB
RoB assessment for each study is
presented in Table 3. All studies were
judged to be at unclear RoB except
the study by El-Chimi et al,30 which
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TABLE 2 Study Characteristics
Study

Years of
Recruitment

Country

Single
or
Multisite

Total
Patients,
No.

Gestational
Age, wk

SI (Duration, Number:
Pressure(s) and Device)
15 s each SI, #3 SIs: 20, 25,
and 30 cm H2O via
ventilator and
nasopharyngeal tube
15 s each SI, #2 SIs: 25 cm
H2O via T-piece
resuscitator
15 s each SI, #3 SIs: 30 cm
H2O via T-piece
resuscitator
15 s each SI; #3 SIs, 25 cm
H2O via T-piece
resuscitator

IPPV starting at 20/4–6 cm
H2O via ventilator and
nasopharyngeal tube

15 s each SI, #2 SIs 25 cm
H2O via T-piece
resuscitator

IPPV. 25/5 cm H2O. T-piece
resuscitator

Lindner et al43

1999–2002

Germany

Single

61

25–28 1 6

Lista et al44

2011–2013

Italy

Multi

291

25–28 1 6

Schwaberger
et al45

2012–2013

Austria

Single

40

28–33 1 6

Mercadante
et al33

2013–2014

Italy

Single

185

34–36 1 6

Ngan et al34

2013–2014

Canada

Single

162

23–32 1 6

Jiravisitkul
et al31

2013–2015

Thailand

Single

81

25–32

El-Chimi et al30

2012–2014

Egypt

Single

112

,37

Abd El-Fattah
et al28

2013–2016

Egypt

Single

100

,32

Kirpalani et al5

2014–2017

426

23–26

La Verde et al32

2013–2014

United States, Australia,
Multisite
Netherlands, Canada,
Germany, Italy, Austria,
South Korea, Singapore
Italy
Single

44

28–30 1 6

Standard Inﬂation (Mode,
Pressures and Device)

CPAP 5 cm H2O. IPPV via
T-piece resuscitator if
needed
CPAP 5 cm H2O. IPPV via
T-piece resuscitator if
needed
Follow NRP guidelines.
Respiratory support with
T-piece resuscitator if
needed
10–20 s each SI, #2 SIs,
IPPV 24/6. T-piece
24 cm H2O for 20 s, 24 cm
resuscitator
H2O for 10–20 s via T-piece
resuscitator
15 s each SI, #2 SIs: 25 cm CPAP 6 cm H2O. IPPV via
H2O via T-piece
T-piece resuscitator if
resuscitator
needed. Initial setting
15–20/5 cmH2O
15 s each SI; #3 SIs, 20 cm IPPV for 30 s. Maximum PIP
H2O, 25 cm H2O, and 30 cm
40 cm H2O. Rate 40–60.
H2O via T-piece
Self-inﬂating bag
resuscitator
Single SI, 4 arms. (1) 20 s, CPAP 5 cm H2O. IPPV via
20 cm H2O, (2) 10 s, 20 cm
T-piece resuscitator if
needed
H2O, (3) 20 s, 15 cm H2O,
(4) 10 s, 15 cm H2O via
T-piece resuscitator
15 s each SI, # 2 SIs: 20 cm IPPV. 20/5–7 cm H2O. T-piece
H2O then 25 cm H2O via
resuscitator
T-piece resuscitator

NRP, neonatal resuscitation program; PIP, peak inspiratory pressure; cm H2O; (pressure in) centimeters of water.

was judged to be at high RoB. ElChimi et al30 conducted a quasi-RCT
in which odd-numbered sheets
indicated allocation to the SI group,
and even-numbered sheets indicated
allocation to the control group.
Researchers in 4 additional studies
stated that the studies were
randomized but did not report the
method for generating or blinding of
the randomization sequence.32,33,43,44
In Ngan et al,34 randomized
envelopes were opened before
determination of eligibility for the
trial.49 In all included studies,
caregivers were not blinded to the

intervention, resulting in a high risk
of performance bias. Five trials
reported blinding of researchers
assessing trial end points to the group
assignment.5,33,34,44,45 Of note,
blinding of assessors is unlikely to
affect assessment of mortality, which
is the primary outcome of this metaanalysis. In El-Chimi et al,30 almost
half of the study infants were
transferred to other NICUs
(incomplete outcome reporting). In
Ngan et al,34 27% of infants were
excluded postrandomization, with
a higher number of exclusions in the

SI group. Other risks of bias are listed
in Table 3.

Outcome Analysis
Results of the meta-analysis are
summarized in Figs 2–7 and Table 4.
The primary outcome of death before
discharge was reported in 10 studies
involving 1502 preterm
newborns.5,28,30–34,43–45 The metaanalysis found no statistically
signiﬁcant difference between the SI
and control groups for death before
discharge (RR = 1.09; 95% CI =
0.83–1.43; I2 = 42%) (Fig 2A).
The funnel plot was not
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TABLE 3 RoB Assessment According to Cochrane RCT Criteria
Study

Industry Sequence
Allocation
Blinding of
Funding Generation Concealment Participants

Blinding of
Outcome
Assessors

Incomplete
Outcome
Data

Selective
Outcome
Reporting

Linder et al43

No

Unclear

Low

High

Unclear

Low

Low

Lista et al44
Schwaberger
et al45
Mercadante
et al33
Ngan et al34

No
No

Unclear
Low

Low
Low

High
High

Low
Low

Low
Low

Low
Low

No

Unclear

Low

High

Low

Low

High

No

Low

High

High

Low

High

Low

Jiravisitkul
et al31

No

Low

Low

High

Unclear

Unclear

Unclear

El-Chimi et al30

No

High

High

High

Unclear

High

High

Abd El-Fattah
No
et al28
Kirpalani et al5 No

Low

Low

High

Unclear

Low

Low

Low

Low

High

Low

Low

Low

La Verde et al32 No

Unclear

Unclear

High

Unclear

Low

Low

Other Sources of Bias

Overall
Bias

Insufﬁcient power, 61 infants
enrolled instead of planned 110,
closed early because of poor
recruitment.
N/A
Protocol registered after study
initiation.
N/A

Unclear

Did not meet planned sample size.
Low incidence of primary
outcome in control group
Twenty-seven percent of infants
were excluded
postrandomization with a higher
number of exclusions in the SI
group
Target sample size was 40 in each
group, but intervention has 43
and control has 38: did not meet
target in control group.
Cointervention: T-piece in
intervention versus self-inﬂating
bag in control
N/A

Unclear
Unclear
Unclear
Unclear

Unclear

High

Unclear

Terminated early because
Unclear
increased death in ﬁrst 2 days in
SI group
N/A
Unclear

N/A, not applicable.

developed because an effect
estimate was available from only
7 RCTs.

Sensitivity Analyses
In accord with the systematic review
protocol, several sensitivity analyses
were conducted. The ﬁrst sensitivity
analysis excluded the 1 study judged
to be at high RoB (Fig 2B) and
therefore included 9 RCTs involving
1390 preterm
newborns.5,28,31–34,43–45 It showed no
statistical difference between the SI
and control groups (RR = 1.24; 95%
CI = 0.92–1.68; I2 = 24%). The second
sensitivity analysis excluded the 1
study that allowed only a single SI
maneuver (Fig 3A) and therefore
included 9 trials involving 1402
preterm newborns.5,30–34,43–45 It also
showed no statistical difference
between the SI and control groups

(RR = 1.17; 95% CI = 0.88–1.55; I2 =
22%). A further sensitivity analysis
excluded 1 study where in both the SI
and control groups, inﬂations were
administered using a ventilator and
a nasopharyngeal tube
(Fig 3B).5,28,30–34,44,45 There was no
difference found between the SI and
control groups (RR = 1.06; 95% CI =
0.61–1.39; I2 = 42%).

Subgroup Analyses
Gestational Age Subgroups
For analysis of death before discharge
in the subgroup of preterm newborns
#28 1 0 weeks, 5 RCTs involving 862
newborns were included
(Fig 4A).5,31,34,43,44 Data from Abd ElFattah et al28 and El-Chimi et al30 for
this gestational age subgroup were
not available. For this subgroup
analysis, the RR for the SI compared
with the control group was 1.38 (95%

CI = 1.00–1.91; I2 = 0%; 46 more
patients per 1000 died before
discharge with the SI [95% CI =
0 fewer to 110 more patients per
1000]). The number needed to treat
associated with each additional death
was 22 (95% CI = 9 to .1000). In
analysis of death before discharge in
the subgroup of preterm newborns
28 1 1 to 31 1 6 weeks, 4 RCTs
involving 175 preterm newborns
were included (Fig 4B).31,32,34,43 This
subgroup analysis did not reveal any
statistical difference between the SI
and control groups (RR = 1.33; 95%
CI = 0.22–8.20; I2 = 5%). Analysis of
death before discharge in a subgroup
of preterm newborns 32 1 0 to 36 1
6 weeks was planned but was not
conducted because in the 3 RCTs that
reported this outcome, a single
demise was reported in each of the SI
and control groups in only 1
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FIGURE 2

Summary of results: SI .1 second versus no SI in newborns at birth. A, Death before hospital discharge. B, Death before discharge sensitivity analysis
excluding 1 study judged to be at high RoB. MH, Mantel-Haenszel.

study.31,33,34 No study included $37
1 0 week gestation
newborns.

Duration of SI
In the analysis of studies in which the
duration of the ﬁrst SI was 6 to 15
seconds, 9 trials involving 1300
preterm newborns were included
(Fig 5A).5,28,30–33,43–45 The subgroup
analysis did not show any statistical
difference between the SI and control
groups (RR = 1.10; 95% CI =
0.83–1.46; I2 = 45%). In the subgroup
analysis of RCTs in which the
duration of the ﬁrst SI was .15
seconds, 2 RCTs involving 222

preterm newborns were included
(Fig 5B).28,34 The analysis did not
reveal any statistical difference
between the SI and control groups
(RR = 0.70; 95% CI = 0.31–1.60; I2 =
31%).

Inﬂation Pressure During SI
In the analysis of studies where
inﬂation pressure of the ﬁrst SI was
#20 cm H2O, 4 trials involving 699
preterm newborns were included
(Fig 5C).5,28,30,34,43 This analysis did
not show any statistical difference
between the SI and control groups
(RR = 1.04; 95% CI = 0.77–1.42; I2 =
69%). In the subgroup of

studies in which inﬂation pressure
of the ﬁrst SI was .20 cm H2O, 6
RCTs involving 803 preterm
newborns were included
(Fig 5D).31–34,44,45 The analysis did
not reveal any statistical difference
between the SI and control groups
(RR = 1.26; 95% CI = 0.71–2.24; I2 =
0%).

Secondary Outcome Analysis
Secondary outcome analysis is shown
in Figs 6 and 7 and Table 4. For the
critical outcome of death in the ﬁrst 2
days, 10 trials involving 1502
preterm newborns were analyzed
(Fig 6B).5,28,30–34,43–45 The meta-
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5

9

6

9

ROP, any stage

ROP, stage 3 or worse

Use of mechanical
ventilation during
hospitalization
Air leaks during initial
hospitalization

Randomized
trials

Randomized
trials

Randomized
trials

Randomized
trials

Randomized
trials

Randomized
trials
Not serious Seriousc

Not serious Seriousg

Not serious Seriousc

Not serious Seriousc

Not serious Seriousg

Not serious Seriousg

Seriousa Not serious

Seriousf Not serious

Seriousf Not serious

Seriousf Not serious

Serioush Not serious

Seriousa Not serious

Not serious Seriousg

Not serious Seriousc

Seriousa Not serious

Seriousf Not serious

Not serious Seriouse

Not serious Very
seriousd

Not serious

Serious

Seriousa Not serious

Not serious Seriousc

Inconsistency Indirectness Imprecision

Certainty of Assessment

Seriousa Not seriousb

RoB

Nonei

None

Nonei

None

None

None

None

None

None

None

None

b I2

19/521
(3.6)

25/570
(4.4)

151/443
(34.1)

72/709
(10.2)

166/533
(31.1)

54/728
(7.4)

177/782
(22.6)

189/782
(24.2)

23/785
(2.9)

4/570
(0.7)

95/785
(12.1)

Relative, RR
(95% CI)

Absolute (95% CI)

Effect

1.09
10 more per 1000
(0.83–1.43)
(from 18 fewer to
47 more)
1/506 (0.2) 2.82
4 more per 1000
(0.45–17.66)
(from 1 fewer to
33 more)
9/717 (1.3) 2.42
18 more per 1000
(1.15–5.09)
(from 2 more to
51 more)
191/697
0.93
19 fewer per 1000
(27.4)
(0.79–1.10)
(from 58 fewer to
27 more)
173/717
1.02
5 more per 1000
(24.1)
(0.86–1.21)
(from 34 fewer to
51 more)
62/662 (9.4) 0.88
11 fewer per 1000
(0.63–1.23)
(from 35 fewer to
22 more)
173/503
0.92
28 fewer per 1000
(34.4)
(0.78–1.07)
(from 76 fewer to
24 more)
81/633
0.83
22 fewer per 1000
(12.8)
(0.62–1.11)
(from 49 fewer to
14 more)
146/370
0.87
51 fewer per 1000
(39.5)
(0.74–1.02)
(from 103 fewer
to 8 more)
17/506 (3.4) 1.26
9 more per 1000
(0.72–2.21)
(from 9 fewer to
41 more)
13/414 (3.1) 1.19
6 more per 1000
(0.59–2.41)
(from 13 fewer to
44 more)

78/717
(10.9)

Control
Group, n
(%)

No. Patients
Other
SI, n (%)
considerations

Overall RoB was unclear. Participants in all studies were not blinded. El-Chimi study had high overall RoB.
is 42%.
c Optimum information size is not met. Largest trial contributing highest number of events was terminated early.
d Optimum information size not met. Very wide CI. Only 1 death reported in 785 included newborns.
e Optimum information size not met. Very low number of events. RR is mainly driven by 1 large trial that needed to be terminated early.
f Overall RoB is unclear. Study personnel not blinded during the intervention.
g Optimum information size is not met. Many studies did not report this outcome.
h Overall RoB is high. Participants in all included studies were not blinded. El-Chimi study had high overall RoB.
i Many studies did not report this outcome.

a

9

IVH, grade 3 or worse

5

Randomized
trials

10

IVH, any grade

Air leaks within the ﬁrst
2d

Randomized
trials

10

BPD

Randomized
trials

10

Death in the ﬁrst 2 d of
life

Randomized
trials

Randomized
trials

9

10

No.
Study Design
Studies

Death in the delivery
room

Death before discharge

Outcome

TABLE 4 Summary of GRADE Assessment for SI.1 Second Compared With the Standard Resuscitation in Newborns at Birth

Critical

Importance

Critical

Critical

Critical

Critical

Important

Important

ÅÅ◯◯
Low
ÅÅ◯◯
Low
ÅÅ◯◯
Low
ÅÅ◯◯
Low
ÅÅ◯◯
Low
ÅÅ◯◯
Low

Important

Critical

ÅÅ◯◯
Low

ÅÅ◯◯
Low

Critical

ÅÅ◯◯
Low

Å◯◯◯
Critical
Very low

ÅÅ◯◯
Low

Certainty

FIGURE 3

Summary of results: death before discharge sensitivity analysis for SI .1 second versus no SI in newborns at birth. A, Excluding 1 study, which allowed
only 1 SI maneuver. B, Excluding 1 study in which nasopharyngeal tubes were used for both SI and control groups. MH, Mantel-Haenszel.

analysis showed a higher risk of
death in the ﬁrst 2 days when
initiating IPPV with SI .1 second
compared with the control group (RR
= 2.42; 95% CI = 1.15–5.09; I2 = 10%;
18 more patients per 1000 died
within the ﬁrst 2 days with SI [95%
CI = 2 more to 51 more
patients per 1000]). The number
needed to treat associated with each
additional death was 55 (95% CI =
20–500). No studies reported longterm neurodevelopmental outcome
or death beyond the initial
hospitalization. The pooled
estimate of all other secondary
outcomes did not reveal any

statistical difference between the SI
and control groups (Figs 6A and C–E
and 7).

Certainty of Evidence (GRADE
Analysis)
The GRADE summary of outcomes is
presented in the Table 4. In accord
with GRADE guidelines, the high
certainty evidence that can be
provided by RCTs was
downgraded because of serious
concerns with RoB, inconsistency,
and imprecision, and thus the
certainty of evidence was assessed as
low or very low for the all of the
outcomes.

DISCUSSION
In this systematic review and metaanalysis involving 1502 preterm
newborns from 9 RCTs and 1 quasi
RCT, we showed no signiﬁcant
difference between initiating IPPV
with SI(s) .1 second and initiating
IPPV with intermittent inﬂations
lasting #1 second per breath for
the risk of the primary outcome,
death before discharge. However,
SI was associated with potential
increased risk of death before
discharge in preterm newborns
born at #28 1 0 weeks’ gestation.
SI was also associated with
increased risk of death within
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FIGURE 4

Summary of results: death before discharge: subgroup analysis for SI .1 second versus no SI in newborns at birth. A, Preterm newborns #28 1
0 weeks’ gestation B, Preterm newborns 28 1 1 to 31 1 6 weeks’ gestation. MH, Mantel-Haenszel.

the ﬁrst 2 days in preterm
newborns. There were no
differences between SI and
controls in any other prespeciﬁed
secondary outcomes. The
conﬁdence in the all the effect
estimates is low because of RoB,
imprecision, and inconsistency.
The ﬁndings of this systematic review
are similar to 2 recently published
systematic reviews of SI in preterm
newborns.49,50 In the systematic
review by Foglia et al,49 SI was
deﬁned as inﬂation(s) .5 seconds
duration, but in planning this
systematic review, the ILCOR NLS
Task Force decided to deﬁne SI as
inﬂation(s) .1 second duration so
any studies comparing short duration
SI (1–5 seconds) and IPPV with
intermittent inﬂations ,1 second
duration could also be included. This
was considered important because
European and UK resuscitation

algorithms recommend using SI of 2
to 3 seconds for the ﬁrst few positive
pressure inﬂations for all infants.27
However, we did not ﬁnd any studies
in which researchers examined these
short duration SIs with a no-SI
strategy. The studies by Hunt et al21
(included in the Foglia et al
systematic review) and Harling et al47
were excluded from this systematic
review because they compared an
intervention group that received
longer SIs with a control group that
received IPPV with intermittent
inﬂations .1 second. The
prespeciﬁed gestational age
subgroups also differ between our
systematic review and Foglia et al. In
addition, the Foglia et al review (by
design) did not include the quasirandomized trial by El-Chimi et al30
or the study by La Verde et al32,49. A
recently updated Cochrane
review50 included the same trials

we included except La Verde et al32
but did not assess the
outcome of death within the ﬁrst 2
days.50
It is important to recognize that
none of the included trials routinely
used ﬂow sensors or respiratory
function monitors to estimate
inﬂation volume or pressure
actually delivered to infants either
in the SI or the control group.
Researchers in the majority of the
studies used a facemask to deliver
the SI maneuver or IPPV. Mask leak
and airway obstruction are common
during face mask ventilation.51–53
Preclinical studies that showed
beneﬁts of SI delivered the SI
maneuver through an endotracheal
tube to anesthetized animals.1,50 It
is possible that mask leak and/or
airway obstruction reduced
delivered tidal volume and thus
the effectiveness of the SI or IPPV.
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FIGURE 5

Summary of results: death before discharge subgroup analysis for SI .1 second versus no SI in newborns at birth. A, Studies in which duration of ﬁrst SI
was 6–15 second. B, Studies in which duration of ﬁrst SI was .15 second. C, Studies in which inﬂation pressure of ﬁrst SI was #20 cm H2O. D, Studies in
which inﬂation pressure of ﬁrst SI was .20 cm H2O. MH, Mantel-Haenszel.
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FIGURE 6

Summary of results: SI .1 second versus no SI in newborns at birth. A, Death in the delivery room. B, Death within the ﬁrst 2 days. C, BPD. D, IVH grade 3
or higher. E, ROP stage 3 or higher. MH, Mantel-Haenszel.
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FIGURE 6
Continued.

A patent airway is necessary for
lung aeration. In a recent study,
Crawshaw et al23 showed that
immediately after birth, the
larynx and epiglottis are
commonly closed in preterm rabbit
pups with unaerated lungs and
unstable breathing patterns. This
would render noninvasive
ventilation maneuvers such as SI
ineffective. In accord with this,
van Vonderen et al24 have shown
that SI is not effective in
nonbreathing infants and also that
very little gas exchange occurs
during IPPV in nonbreathing
infants, suggesting that glottic
adduction might be a common
occurrence immediately after
birth in preterm infants.25 Such

issues may account for the
absence of beneﬁt from SI seen
in this systematic review. The
pathophysiologic explanation for
the association of SI at birth
with increased death before
discharge among preterm
infants or increased death
before discharge in extremely
preterm infants remains
obscure and does not appear
to be due to pneumothorax
or IVH.
The strengths of this
systematic review include
a prespeciﬁed published protocol;
a broad search strategy
developed by an information
specialist, gathering of additional

unpublished data from authors;
sensitivity and subgroup analyses, the
use of GRADE methodology to assess
the certainty of evidence; input from
a team of international
multidisciplinary experts
serving on the ILCOR NLS Task Force
and its associated group of content
experts; and adherence to PRISMA
reporting.
This systematic review also has
several limitations. Only 10 trials
involving 1502 preterm infants
were identiﬁed, which contributed
to the imprecision of the results.
There were important methodologic
heterogeneities between the
studies regarding the duration and
pressure of SI, inclusion criteria,
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FIGURE 7

Summary of results: SI .1 second versus no SI in newborns at birth. A, Air leak during initial hospitalization. B, Air leak within the ﬁrst 2 days. C, Use of
mechanical ventilation during initial hospitalization. D, IVH any grade. E, ROP any grade. MH, Mantel-Haenszel.

treatment in the control group,
and maturity of the included
infants. The inclusion criteria for
studies for this review were
slightly more inclusive than
intended by the PICOST question
proposed by ILCOR (Table 1) by not

excluding 5 studies that allowed
enrollment of newborns who
did not receive IPPV from the
outset. This decision was made to
allow inclusion of the secondlargest RCT.44 Given these
limitations and small sample sizes,

the subgroup analyses should be
interpreted with particular
caution. Relevant data from 2
RCTs that could have inﬂuenced
the pooled estimate and
interpretation of the outcome of
death before discharge in infants
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FIGURE 7
Continued.

born at #28 1 0 weeks’ gestation
could not be obtained.28,30 The
outcome of death within the ﬁrst
2 days was mainly inﬂuenced by
a single large trial that was
stopped early by its safety
monitoring committee and for
which this was one of multiple
secondary outcomes.5 None of the
trials included in this metaanalysis enrolled term infants. The
effect of SI on term infants
needing IPPV at birth remains
unclear. All the studies
included in the meta-analysis used
SI of $10 seconds duration. We
did not ﬁnd any study to include
in our prespeciﬁed subgroup
analysis for the initial SI duration
of 1 to 5 seconds. The effect of
short duration SI (1–5 seconds)
remains unknown.

CONCLUSIONS

Implications for Future Research

In this systematic review and
meta-analysis of 10 trials
involving 1502 preterm newborns,
we did not ﬁnd beneﬁt of SI(s) of
.5 seconds duration. Results
suggested that SI(s) .5 seconds
may increase the risk of death
before discharge among the
subgroup of preterm infants
#28 1 0 weeks’ gestation. We
found insufﬁcient evidence to
determine the likely effect of SI(s)
on multiple secondary outcomes.
For these outcomes, the low
certainty results, downgraded
for RoB, imprecision, and
inconsistency, suggest that
SI(s) may be either beneﬁcial or
harmful. The effect of short
duration SI (1–5 seconds) is
unknown.

The total number of infants studied to
date is insufﬁcient to have strong
conﬁdence in the estimate of effect.
Larger multicenter trials are needed
in both term and preterm newborns
to determine if there are beneﬁts or
harms from SI. Optimal inﬂation
pressure and duration while initiating
IPPV to allow the establishment of
functional residual capacity without
causing barotrauma still remain
unknown. Future researchers should
consider use of methods such as ﬂow
sensors or respiratory function
monitors and should note if the
infant is spontaneously breathing at
birth. Studies of shorter-duration SI
(1–5 seconds) compared with IPPV
with inﬂations ,1 second would
address an important knowledge
gap. The role of SI in other

Downloaded from www.aappublications.org/news at Nicaragua:AAP Sponsored on January 4, 2021
PEDIATRICS Volume 147, number 1, January 2021

15

resuscitation situations such as
during cardiac compressions await
evaluation.
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