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Sustained lung inflation in late preterm infants: a randomized
controlled trial
D Mercadante1, M Colnaghi1, V Polimeni1, E Ghezzi1, M Fumagalli1, D Consonni2 and F Mosca1

OBJECTIVE: To assess the need for respiratory support in late preterm infants treated with sustained lung inflation (SLI) at birth.
STUDY DESIGN: In this controlled trial, we randomly assigned infants born at 34+0 to 36+6 weeks of gestation to receive SLI
(25 cmH2O for 15 s) at birth, followed by continuous positive airway pressure (CPAP) or assistance according to the
recommendations of the American Academy of Pediatrics. The primary outcome was the need for any type of respiratory support.
The secondary outcomes included neonatal intensive care unit (NICU) admission for respiratory distress and length of stay. The risk
ratios (RRs) and 95% confidence intervals (CIs) of the outcomes were calculated for the SLI group in reference to the control group.
RESULTS: A total of 185 infants were enrolled: 93 in the SLI group and 92 in the control group. No difference was found in the need
for any type of respiratory support between the infants treated with SLI and the control group (10.6 vs 8.7%, RR 1.24, 95% CI 0.51 to
2.99). The NICU admission for respiratory distress and the length of stay did not differ between the groups.
CONCLUSION: Providing SLI at birth in late preterm infants does not affect their need for respiratory support.
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INTRODUCTION
Currently, late preterm births (infants born at 34 to 36 weeks of
gestation) account for ~ 70% of all preterm births. These infants,
which are still physiologically and developmentally immature,
have higher risks of morbidity and mortality compared with
infants born at term.1,2 Because fetal lung maturation occurs late
in gestation, respiratory morbidities constitute a major concern for
late preterm infants. Anomalies in the process of fetal lung fluid
reabsorption and surfactant deficiency are the main factors
involved in respiratory disorders of late preterm infants.3–5

Some studies have recently investigated the effectiveness of
early sustained lung inflation (SLI) in preterm infants to prevent
mechanical ventilation. This strategy, consisting of the adminis-
tration of a positive inflation pressure for a period of time that is
significantly more prolonged than the normal inspiratory time (15
to 25 s), is considered an alternative to clear fluid-filled lungs and
to achieve an early functional residual capacity (FRC).6–12

The current evidence is not sufficient to support the efficacy
and safety of SLI in preterm infants; furthermore, no reports of its
use in late preterm infants are available. The aim of our study was
to evaluate the effectiveness of SLI in reducing the need for
respiratory support in late preterm infants.

METHODS
This randomized controlled trial was conducted in a tertiary-level neonatal
intensive care unit (NICU) in Milan between September 2013 and June
2014. We enrolled all consecutive inborn infants with a gestational age of
34 to 36 weeks after obtaining parental consent. Infants with major
congenital anomalies, or those for whom it was not possible to obtain
parental consent, were excluded. The study was approved by the
Institutional Review Boards of the Fondazione IRCCS Ca’ Granda, Ospedale
Maggiore Policlinico, Milan, Italy. Eligible infants were randomly allocated

to one of the two following treatment groups using sealed opaque
envelopes:

● Group 1 (SLI group) – Infants assigned to this group were placed at birth
under a radiant heat source and, after oropharyngeal and nasal
suctioning, a prophylactic pressure-controlled (25 cmH2O) inflation
was sustained for 15 s using a neonatal mask and a T-piece ventilator,
followed by the delivery of 5 cmH2O CPAP. In the following 6 to10 s,
CPAP was discontinued in the absence of signs of inadequate
respiratory effort (that is, apnea or gasping) or heart rate 4100 beats
per min (b.p.m.). In the presence of signs of inadequate respiratory effort
and/or whenever the heart rate was between 60 and 100 b.p.m. despite
CPAP, a SLI maneuver with the same parameters was repeated. If the
heart rate was o100 b.p.m. after the second SLI maneuver, the infant
was resuscitated according to the recommendations of the American
Academy of Pediatrics (AAP).

● Group 2 (Control group) – Infants assigned to this group were assisted
according to the recommendations of the AAP, providing the initial
steps in stabilization (warming and maintaining normal temperature,
positioning, clearing secretions only if copious and/or obstructing the
airway, drying, and stimulating). We progressed beyond the initial steps
in the presence of inadequate respiratory effort (defined as above) and/
or a HR o100 b.p.m. according to the AAP recommendations.

In both groups, respiratory support in the delivery room was given using
a T-piece ventilator (Neopuff Infant T-Piece Resuscitator, Fisher & Paykel,
Auckland, New Zealand). To avoid pressure leakage, we used a properly
sized neonatal mask that adequately covered both the mouth and nostrils
of the infants (size 0 or 1 face mask, Ambu UltraSeal, Ballerup, Denmark).
The flow rate was set at 8 to 10 lmin− 1. Infants in both groups who
developed respiratory distress were admitted to the NICU; during an
observation period of 30 min, the respiratory rate, pulse oximeter oxygen
saturation (SpO2), and the severity of respiratory distress measured using
the Silverman score were monitored. The need for oxygen supplementa-
tion was assessed to maintain an SpO2 between 88 and 95%. At the end of
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the observation period, if the infant needed a fraction of inspired oxygen
(FiO2)⩾ 0.30 to maintain an SpO2 between 88 and 95% and/or the
Silverman score was⩾ 5, a non-invasive respiratory support (nasal CPAP of
5 to 6 cmH2O, Infant Flow SiPAP System – Viasys Healthcare, Yorba Linda,
California, USA; High Flow Therapy, flow 4 to 6 LPM, Vapotherm,
Stevensville, Maryland, USA) was initiated. Infants requiring FiO240.40 to
maintain an SpO2 of 88 to 93% and/or with a Silverman score46 were
treated with surfactant (200 mg/kg; Curosurf, Chiesi Farmaceutici SpA,
Parma, Italy) with the INtubation-SURfactant administration-EXtubation
procedure. Infants were intubated when the pH was o7.20 with partial
pressure of carbon dioxide (PaCO2)470 mmHg or if FiO240.40 after
surfactant treatment was needed to maintain an SpO2 of 88 to 93%, or if
infants had frequent episodes of apnea (44 episodes in 1h or 42
episodes requiring bag-and-mask ventilation) despite adequate non-
invasive support. Infants were extubated when they met all of the
following criteria: FiO2o0.40, mean airway pressure o6 cmH2O,
PaCO2o65 mmHg with a pH47.20, and PaO2450 mmHg.
The primary outcome of the study was to evaluate the effectiveness of

SLI in reducing the need for respiratory support in late preterm infants
compared with control infants. Secondary outcomes were NICU admission,
NICU admission for respiratory disease, length of stay, and exclusive
breastfeeding at discharge.
Perinatal and neonatal data were collected for each infant as follows:

gestational age, birth weight, sex, mode of delivery (vaginal or cesarean
section), Apgar at 1st and 5th minute, antenatal steroid treatment, main
diseases of pregnancy, NICU admission, Silverman score, diagnosis of
respiratory disease (respiratory distress syndrome, transient tachypnea of
the newborn, pneumonia, and persistent pulmonary hypertension), type
of respiratory support, total length of respiratory support, surfactant
administration, air leak syndromes, exclusive breastfeeding at discharge,
length of stay, and mortality. The diagnosis of respiratory distress
syndrome was based on the occurrence of typical signs (need for oxygen
supplementation, tachypnea, intercostal retractions, and grunting), and
findings on chest radiographs (decreased lung expansion, reticulogranular
pattern of the lung, and air bronchograms), and the exclusion of other
causes of respiratory failure. The diagnosis of transient tachypnea of the
newborn was based on chest radiographs indicative of retained fluid
(for example, streakiness, fluid in fissure), an oxygen requirement 440%,
and spontaneous improvement over two to five days. Pneumonia was
defined by an abnormal chest radiograph in the presence of two of the
following: extra-pulmonary clinical signs of sepsis, abnormal non-specific
(screening) laboratory tests, positive blood culture, positive tracheal
culture, or perinatal history indicating exposure (prolonged rupture,
maternal fever, so on). Diagnosis of persistent pulmonary hypertension
was based on an echocardiogram.
The study was not blinded. The decision to start respiratory support was

made by clinicians other than the investigators involved in the study

according to specific guidelines, and researchers assessing the study end
points were blinded to the nature of the study treatments. The staff
involved in the study is a skilled team of specialists in neonatal
resuscitation and the SLI maneuver is a well-established procedure at
our institution and has been used in previous clinical trials. Comprehensive
education and training were undertaken to ensure technical proficiency
and protocol compliance through audits with clinical personnel.

Statistical analysis
From 2009 to 2012, 15% of 2503 late preterm infants born at our center
needed respiratory assistance (invasive or non-invasive ventilation). In
calculating the sample size, we followed the confidence interval
approach.13–14 We calculated a sample size of 92x2 newborns assuming
a reduction in the need for respiratory assistance in this population from
15 to 5%, that is, a risk ratio of 0.33 with a 95% confidence interval
from 0.13 to 0.88. We compared the characteristics between the SLI
and the control group using Student’s t-test or the Mann–Whitney test for
quantitative variables and the χ2-test for categorical variables. We
calculated the risk ratios and 95% confidence intervals of primary and
secondary outcomes for the SLI group in reference to the control group. All
analyses were performed with version 9.2 SAS software (SAS Institute,
Cary, NC, USA, 1999).

RESULTS
In the period between September 2013 and June 2014, we
enrolled a total of 185 late preterm infants. The number of infants
deemed eligible for the study and the number of whom were
randomly assigned to receive the SLI procedure or standard
assistance in the delivery room are shown in Figure 1. The baseline
characteristics of infants at birth were equally distributed between
the two groups (Table 1). More than 90% of infants were born by
cesarean section in both groups; an emergent cesarean section, in
the absence of labor, was performed in 21% of cases. Twins
accounted for over 50% of the study population.
Table 2 shows the primary and secondary outcomes of the

study. There was no difference in the need for any type of
respiratory support between the infants treated with SLI at birth
and the control group (10.6 vs 8.7%, P= 0.64). Six (60%) out of the
10 infants in the SLI group who required respiratory support had a
diagnosis of respiratory distress syndrome and four (40%) had a
diagnosis of transient tachypnea of the newborn. Eight infants in
the control group required respiratory support, two (25%) with a
diagnosis of respiratory distress syndrome, and six (75%) with a

443 infants were eligible for the 
study

258 were not randomized
- Declined to participate (n=152)
- Insufficient time for consent or 

speaking parents (n=70)
unavailable interpreter for non-Italian 

- Clinicians unwilling to randomize (n=36)

93 followed until discharge 

93 assigned to SLI group

92 followed until discharge 

92 assigned to Control group

185 underwent randomization

Figure 1. Diagram showing the flow of participants through the trial.
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diagnosis of transient tachypnea of the newborn. Similarly, NICU
admission, NICU admission for respiratory distress, length of stay,
and exclusive breastfeeding at discharge did not differ between
the two groups. All of the 185 infants were followed until
discharge, and none died during the in-hospital stay.
Three infants (3.2%) developed a pneumothorax in the SLI

group compared with no infants in the control group (P = 0.08).
The clinical characteristics of infants who developed pneu-
mothorax are detailed in Table 3. None of these infants required
vigorous resuscitation at any time. In two cases, a chest tube was
placed for tension pneumothorax.

DISCUSSION
This study evaluated the effectiveness of SLI at birth in reducing
the need for respiratory support in late preterm infants compared
with controls. Our results demonstrated that a prophylactic SLI at
birth does not affect the need for respiratory support in late
preterm infants.

Respiratory assistance in the delivery room is an aspect of
respiratory care in preterm infants that has been thoroughly
investigated in recent years. The critical event is the aeration of
the fluid-filled lung; at birth, a pressure gradient is required to
overcome airflow resistance and move lung fluid distally through
the airway to the terminal airspaces, where the opening pressure
is necessary to overcome the surface tension and open the alveoli.
While term infants begin to establish the FRC with their first breath
after birth, preterm infants are hampered because of poor
respiratory drive, limited muscle strength, high chest wall
compliance, and surfactant system immaturity.15 The SLI has
been suggested as an additional approach to promote lung fluid
clearance and aeration, as it mimics the first breaths of life in
healthy term infants that are characterized by a prolonged
inspiratory time due to a long time constant of the fluid-filled
lung, a prolonged expiratory phase and high inflation pressure.
The effect of SLI as an initial ‘prolonged’ inflation is to move the
air/liquid interface distally, with direct lung aeration and clearance
of lung fluid from the major airways immediately after birth. This

Table 1. Characteristics of infants in SLI and Control group

SLI group (n= 93) Control group (n= 92) P value

Mean s.d. Mean s.d. Pa

Birth weight (g) 2345 397 2346 359 0.98
Gestational age (weeks) 35.2 0.8 35.2 0.8 0.91

Median IQR Median IQR Pb

Apgar score a 5' 10 9–10 10 9–10 0.20

N % N % Pc

Resuscitation in delivery room 9 9.6 4 4.3 0.15
SGA 14 15.0 15 16.0 0.81
Male sex 44 47.3 40 43.5 0.60
Twins 55 59.1 62 67.3 0.24
Cesarean delivery 86 92.5 84 91.3 0.77
Labor 25 26.9 26 28.2 0.83
Antenatal steroids 37 40.0 29 32.0 0.24
Signs of maternal infection 3 3.2 4 4.3 0.69
Pre-eclampsia/eclampsia 9 9.6 8 8.6 0.82
PROM 6 6.4 10 10.8 0.28
Gestational diabetes 9 9.6 5 5.4 0.27

Abbreviations: PROM, premature rupture of membranes; SGA, small for gestational age; SLI, sustained lung inflation. aFrom Student's t-test. bFrom Mann–
Whitney test. cFrom χ2-test.

Table 2. Primary and secondary outcomes

SLI group
(n= 93)

Control group
(n= 92)

N % N % RR 95% CI P value

Primary outcome
Need for any type of respiratory support 10 10.7 8 8.7 1.24 0.51–2.99 0.64

Secondary outcomes
Air leak syndromes 3 3.2 0 0 n.c. n.c. 0.08
NICU admission 37 39.8 27 29.4 1.35 0.90–2.03 0.14
NICU admission for respiratory disease 17 18.3 10 10.9 1.68 0.81–3.47 0.15
Length of stay (47 days) 42 45.1 38 41.3 1.09 0.78–1.52 0.59
Exclusive breastfeeding at discharge 25 26.9 17 18.5 1.45 0.84–2.50 0.17

Abbreviations: CI, confidence intervals; NICU, neonatal intensive care unit; RR, risk ratios.
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process is completed by interstitial lymphatic and venous
reabsorption in the following hours.16–17

The effect of SLI to facilitate lung aeration and improve
postnatal ventilation has been investigated in animal and human
studies.6–12,18–22 In preterm infants, the evidence to support its
efficacy and safety remains limited, and no reports of its use in late
preterms are available. We chose to study this population of
preterm infants as they account for an increasing proportion of
respiratory-associated short-term morbidities with a need for
specialized care and prolonged hospital stays.5,23,24

Colin et al.25 suggested that the functional consequences of late
preterm birth include difficulty in protecting FRC, vulnerability to
airway collapse, and increased airway resistance. Moreover, rapid
clearance of the fetal lung fluid plays a key role in the transition to
air breathing; after late preterm birth, this process can be delayed
because this is dependent upon developmentally regulated
epithelial sodium channels, especially in the absence of sponta-
neous labor and related hormonal changes, as frequently occurs in
elective cesarean sections.26 Because the delayed absorption of lung
fluid is an important cause of respiratory failure in late preterms, we
speculated that SLI could reduce the need for respiratory care in
these infants, although no previous experimental or human studies
on the effectiveness of SLI in this population are available.
We estimated a sample size by considering a reduction in the

need for respiratory support from 15 to 5% and a number needed
to treat of 10, which is clinically relevant. We think that a less
significant reduction would not justify a prophylactic SLI whose
risks and benefits are not yet completely known.
We applied the sustained inflations using a face mask. As

recently demonstrated by van Vonderen et al.,27 the effect of SLI
on FRC gain may be impaired by substantial leakiness and a
limited volume may consequently be delivered. In studies that
reported the efficacy of SLI in creating inspiratory volume and FRC,
the sustained inflation was applied via an endotracheal tube,
bypassing the glottis and minimizing leaks.7,22 However, van
Vonderen et al.27 observed that, even in infants in whom no leak
was present, the delivered volumes achieved by the sustained
inflation were very low. It is possible that closure of the vocal cords
in both breathing (that is, between breaths) and apneic infants
could cause obstruction; furthermore, obstruction occurring at the
pharyngeal level by a relatively large tongue or obstruction of the
nose and mouth could occur with improper mask technique. In
our study, lung volumes were not recorded, but it is reasonable to
believe that the problems described by van Vonderen et al.27 may
have influenced our results. We believe that it would be helpful in
further studies to evaluate lung mechanics during the SLI and to
assess the optimal parameters of the maneuver (time and
pressure), actual lung recruitment and its variations over time.
There are some limitations to our study. We performed SLI in all

late preterm infants; therefore, we also performed SLI in infants
with appropriate lung fluid reabsorption and adequate FRC.
Although this approach was used in the largest multicenter
randomized controlled trial to date,21 in late preterm infants with
adequate respiratory effort and partially aerated lungs, SLI at birth
could make them more susceptible to over-distention and air
leaks. In our study, pneumothorax occurred in 3.2% (n= 3) of

infants in the SLI group compared with no infants in the control
group (P = 0.08); all pneumothorax events occurred beyond the
first 12 h of life. This result should be taken into consideration,
although the difference was not statistically significant and the
number of cases is limited. In the recent study by Lista et al.,21

most of the pneumothoraces occurred beyond the first 48 h of life,
rather than soon after the SLI maneuver. A possible reason for this
finding as suggested by Keszler28 could be that the late
pneumothoraces could be related to the reluctance to intubate
and provide surfactant in the intervention group of this unblinded
study in which the need for mechanical ventilation was the
primary outcome, rather than the intervention itself. No other
studies have shown an increase in air leaks in the intervention
group treated with SLI.29

Another limitation of the study is that it is a non-blinded study
and a single site trial. We tried to minimize this bias through
adequate training of care providers, by using clinicians who had the
decision to start respiratory support other than the investigators
involved in the study, and by blinding the researchers that assessed
the study end points to the nature of the study treatments.

CONCLUSION
Delivery room sustained inflation is an attractive concept in the
respiratory assistance of preterm infants at birth. To the best of our
knowledge, no reports of its use in late preterm infants are
available. Our results demonstrated that prophylactic SLI at birth
does not reduce the need for respiratory support in these preterm
infants. Possible future trials should exclude infants with adequate
respiratory effort and focus on late preterm infants who require
resuscitation intervention at birth due to inadequate respiratory
effort and thus likely to benefit from recruitment maneuver.
Moreover, trials should include close monitoring of adverse
events, especially with regard to the risk of overdistension and
air leak syndromes. Associated measures of respiratory mechanics
could be useful to evaluate the efficacy and individualize the SLI
maneuver at birth.
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