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Abstract
Background and Objectives: Nasal continuous positive airway pressure (NCPAP) is a useful method of respiratory support after extubation. However, some infants fail despite
CPAP use and require reintubation. Some evidence suggests
that synchronized nasal intermittent positive pressure ventilation (NIPPV) may decrease extubation failure in preterm
infants. Nonsynchronized NIPPV (NS-NIPPV) is being widely
used in preterm infants without conclusive evidence of its
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benefits and side effects. Our aim was to evaluate whether NS-NIPPV decreases extubation failure compared with
NCPAP in ventilated very low birth weight infants (VLBWI)
with respiratory distress syndrome (RDS). Methods: Randomized controlled trial of ventilated VLBWI being extubated for the first time. Before extubation, infants were randomized to receive NCPAP or NS-NIPPV. Primary outcome was
the need for reintubation within 72 h. Results: 220 infants
were included. The mean ± SD birth weight was 1,027 ± 256
g and gestational age 27.8 ± 1.9 weeks. Demographic and
clinical characteristics were similar in both groups. Extubation failure was 32.4% for NCPAP versus 32.1% for NS-NIPPV,
p = 0.98. The frequency of deaths, bronchopulmonary dysClinical Trial Registration: study registered at ClinicalTrials.gov
NCT01778829.
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plasia, intraventricular hemorrhage, air leaks, necrotizing enterocolitis and duration of respiratory support did not differ
between groups. Conclusions: In this population of VLBWI,
NS-NIPPV did not decrease extubation failure after RDS compared with NCPAP.
© 2020 S. Karger AG, Basel

Introduction

Subjects and Methods
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This was a multicenter, randomized, controlled, open trial, which
enrolled ventilated very low birth weight infants (VLBWI) recovering from RDS and ready to be extubated for the first time. Infants
with birth weights ranging from 400 to 1,500 g and gestational age
≤34 weeks were included. Infants born between December 2011 and
2014 and admitted to 9 NICUs of the NEOCOSUR Neonatal Network were eligible. The study was approved by the Ethics Committee
of the Faculty of Medicine of the Catholic University of Chile, Approval 10-035, and by each hospital Ethics Committee. A written
informed consent from the parents was required. The presence of
major congenital anomalies, respiratory or hemodynamic instability,
necrotizing enterocolitis, prolonged ventilation (>14 days) or lack of
parental consent were considered exclusion criteria.
Study Protocol
Infants were enrolled while receiving mechanical ventilation.
The timing of extubation was determined when the infant met the
following ventilatory parameters: FiO2 ≤0.5, PIP ≤18 cm H2O, RR
≤20, to maintain a pH ≥7.25, oxygen saturation ≥88% and a PaCO2
≤65 mm Hg. All infants were started on methylxanthines (either
aminophylline or caffeine) prior to extubation. NCPAP was provided using neonatal ventilators or Bubble NCPAP system (Fisher
& Pykel®, New Zealand). NS-NIPPV was provided by time-cycled
pressure-limited ventilators in a nonsynchronized invasive mechanical ventilation mode. Appropriate size short binasal prongs
(Silmag®, Argentina) were used for both modes.
Enrolled infants were randomized prior to extubation based on
2 birth weight strata (400–999 g and 1,000–1,500 g) into 2 groups:
NCPAP or NS-NIPPV using sequentially sealed opaque envelopes
from a computer-generated randomization list. This allocation sequence was generated centrally by an independent statistician, and
sealed envelopes were sent to each center. Caregivers were not
blinded to the assigned group.
NCPAP was set at 5–6 cm H2O in the CPAP group using a gas
flow of 5 L/min. In the NS-NIPPV group, the following parameters
were set: a PIP of 12–15 cm H2O (for infants < 1,000 g) and 14–
18 cm H2O (for infants of 1,000–1,500 g), PEEP of 5–6 cm H2O,
air flow of 8 L/min, peak pressure duration time of 0.45–0.6 s and
ventilator rate of 20 breaths/min. These parameters were adjusted
according to careful clinical evaluation in order to obtain good
chest excursion. If needed PIP could be increased up to 20 cm H2O,
ventilator rate could be increased up to 30 breaths/min if a patient
presented apnea or hypoventilation. On the contrary, ventilator
rate was reduced if PaCO2 was <40. Inspired oxygen was adjusted
to maintain oxygen saturation between 88 and 94%.
Randomized infants remained in the assigned group during the
intervention period of at least 72 h. All infants were monitored
including oxygen saturation, ECG and respiratory rate. Arterial
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Invasive mechanical ventilation use has been associated with adverse outcomes such as bronchopulmonary
dysplasia (BPD) and neurodevelopment impairment [1,
2]. This has led to the consensus to reduce its use. Nasal
continuous positive airway pressure (NCPAP) is useful in
the management of preterm infants with respiratory distress syndrome (RDS) and apnea [3–5] and has been successfully used after extubation in infants recovering from
RDS [6–8]. However, some infants fail extubation despite
CPAP use and require reintubation, ranging from 25 to
50% in different patient series [7, 8].
Noninvasive ventilation has been successfully used
in children and adults with respiratory failure reducing
the risk of extubation failure [9, 10]. Similarly, there is
some evidence that synchronized nasal intermittent
positive pressure ventilation (S-NIPPV) may decrease
extubation failure in preterm infants recovering from
RDS [11–13]. However, most of the successful studies
were done using the Infant-Star® ventilator with Graseby® abdominal sensor, to detect and synchronize ventilator breaths with patient effort. Although the studies
did not involve a large number of patients, a meta-analysis from these studies showed a significant reduction
of the need of reintubation with S-NIPPV use [14].
However, this ventilator is not currently available, and
other methods of synchronization, such as the nasal
flow sensor used by Moretti et al. [15, 16], with the Giulia ventilator have not FDA approval and are not available in our region to provide noninvasive ventilation in
preterm infants.
Other studies have evaluated the use of nonsynchronized NIPPV (NS-NIPPV) for respiratory support in preterm infants [17–19]. Some studies compared it with
CPAP, showing a decrease in the rate of apneas and atelectasis [19], but the overall impact in decreasing extubation failure is modest according to a meta-analysis [14].
These studies included a small number of patients, and
used different equipment and strategies, so it is difficult
to reach firm conclusions, thus limiting the strength of
the evidence [14]. Nonetheless, NS-NIPPV is being wide2

ly used in preterm infants without clear evidence of its
benefits and possible adverse effects [20].
We designed this study to evaluate the hypothesis that
NS-NIPPV may significantly decrease extubation failure
in ventilated preterm infants with RDS compared with
NCPAP.

945 VLBWI born at 9 NICU centers
during study period

259 eligible ventilated VLBWI
with RDS ready to extubate
39 excluded:
17 refused consent
22 unable to get consent
220 randomized
NCPAP
(n = 108)
Success: 73

Failure: 35

Reintubation
to IMV: 35

Success: 76

Failure: 36

Reintubation
to IMV: 36

blood gases were obtained within 2 h after extubation and at least
every 24 h during the study period. An open orogastric tube was
kept in all patients.
Clinical data including the use of pre- and postnatal steroids,
surfactant, blood gases, oxygen saturation and respiratory support
were collected. Total duration of mechanical ventilation and oxygen supplementation were documented from birth until discharge
or death. A supplemental oxygen or ventilation day was defined as
a daily requirement of FiO2 >0.21 or ventilation >12 h, respectively. All infants were followed until they reached 36 weeks corrected
postmenstrual age, discharge or death.
The primary outcome was defined as the need for reintubation
within 72 h of extubation, according to the presence of at least 1 of
3 failure criteria: (1) hypercapnia in 2 consecutive blood gases with
PaCO2 > 65 mm Hg and pH < 7.25; (2) the requirement for FiO2
>0.60 in order to obtain oxygen saturation ≥88%; (3) repeated episodes of significant apnea (2 or more episodes apnea per hour associated with bradycardia (<100 × min) or desaturation <80% in a
4-h period); (4) presence of 2 or more severe apnea and bradycardia episodes that required bag and mask ventilation for recovery.
After the 72-h postextubation intervention period, further respiratory management was determined by the clinical team. Clinical and nursing care and monitoring were done according to the
center’s routine protocols.
Secondary outcome variables were considered: the occurrence
of death within the 72-h postextubation period or at any time after
randomization. Respiratory outcomes included total duration of
mechanical ventilation, length of oxygen supplementation, BPD
defined by oxygen requirement for ≥28 days and moderate to severe BPD defined as the persistence of oxygen requirement at 36
weeks postmenstrual age. The combined outcome of death or BPD

During the study period 945 VLBWI were born at the
participant study centers, 259 of them presented with
RDS requiring intubation and mechanical ventilation,
therefore were eligible and screened for enrollment. Thirty-nine were excluded due to lack of parental consent: in
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was also assessed. The occurrence of other morbidities including
intraventricular hemorrhage, pneumothorax, necrotizing enterocolitis and retinopathy of prematurity was documented.
Sample Size and Statistical Analyses
Based on data from the Neocosur Network, where approximately 35% of ventilated VLBWI presented extubation failure and
previous published studies [11–13], we estimated the enrollment
of 210 neonates (105 per group) to detect a reduction in extubation
failure from 35 to 18% at an αof 0.05 with a power of 80%. Statistical analyses were based on an intention-to-treat model according
to the assigned group. Continuous variables were compared using
Student’s t test or the Mann-Whitney rank sum test as appropriate.
Categorical variables were compared using the χ2 test. A p value
≤0.05 was considered significant.
An interim analysis by an independent team was done at half
of the recruited sample size to determine the possible early termination because of safety if the rate of adverse events increased or
early efficacy if the primary end point was better in one of the
groups at a more stringent level of significance.

Results
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Fig. 1. CONSORT diagram of patient
group allocation and main outcome. NSNIPPV, nonsynchronized nasal intermittent positive pressure ventilation; NCPAP,
nasal continuous positive airway pressure; IMV, invasive mechanical ventilation; RDS, respiratory distress syndrome;
VLBWI, very low birth weight infants.

NS-NIPPV
(n = 112)

Table 1. Patient characteristics at study entry

Birth weight, g
Gestational age, weeks
Sex female, %
Median 1-min Apgar score
(range)
Median 5-min Apgar score
(range)
Antenatal steroids, %
Surfactant use, %
Age at extubation, h

NS-NIPPV p
(n = 112)
value

1,019±245 1,034±270
27.9±1.9
27.8±2
47.2
43.8
5 (1–9)
5 (0–9)
8 (1–10)
94
92
50.3±64.3

ns
ns
ns
ns

8 (1–10) ns
91
96
54.4±64.9

ns
ns
ns

NCPAP, nasal continuous positive airway pressure; NSNIPPV, nonsynchronized nasal intermittent positive pressure
ventilation.

■ NCPAP
■ NS-NIPPV

40
35
30
Failure, %

NCPAP
(n = 108)

45

25
20
15
10
5
0

400–999 g
(n = 108)
ns

1,000–1,500 g
(n = 112)
ns

400–1,500 g
(n = 220)
ns

Fig. 2. Extubation failure rate by birth weight strata and treatment

Discussion

We compared 2 current strategies for noninvasive
ventilation after extubation from an RDS in VLBWI. Importantly, this study was confined to the first episode of
4
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group. NS-NIPPV, nonsynchronized nasal intermittent positive
pressure ventilation; NCPAP, nasal continuous positive airway
pressure.

extubation, the potentially most important time to reduce
baro-volutrauma. In this population, we found that NSNIPPV did not decrease extubation failure compared
with NCPAP. We also found no significant difference in
rates of other complications. These findings lead us to reevaluate the current widespread use of NS-NIPPV.
Several trials supporting NIPPV [11–13] show a reduction of respiratory failure and risk of reintubation after ventilation in infants with RDS. However, a recent
meta-analysis shows that most of the effect is driven by
studies evaluating S-NIPPV [14]. In their subgroup analysis, which included only studies evaluating NS-NIPPV
versus NCPAP, they show that although NS-NIPPV reduced extubation failure, the effect is modest and the evidence is graded as low. The results of the studies included in that meta-analysis may differ from our own for several reasons. Most of them were single-center and enrolled
larger infants, who have a lower risk of failure. In most of
the trials, the number of included infants was low and the
impact in reduction of failure was not significant; thus,
the results reached significance only when the data from
all studies were pooled together.
In a large randomized controlled trial, Kirpalani et al.
[21] evaluated NIPPV vs. NCPAP in more than 1,000 extremely low birth weight infants, their main outcome
measure was the rate of death or BPD. They consider different strategies of NIPPV including a ventilator or biEstay et al.
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22 we were unable to get consent on time, and 17 parents
refused to give permission. A total of 220 infants were included (Fig. 1). Their mean ± SD birth weight was 1,027
± 256 g with a gestational age of 27.8 ± 1.9 weeks. As seen
in Table 1, demographic and clinical characteristics were
very similar in both groups at randomization.
There was no difference in extubation failure rate between the 2 groups: 32.4% for NCPAP versus 32.1% for
NS-NIPPV. When the analysis was performed by birth
weight stratification (Fig. 2), although we did not find significant differences between the groups, we observed that
infants within the NS-NIPPV group behave differently:
the extubation failure in infants <1,000 g was significantly
higher (44.6%) compared to those >1,000 g of the same
group (19.6%), p < 0.01. This difference was smaller in the
CPAP group.
Secondary Outcomes. As shown in Table 2, respiratory
outcomes were not different between the groups including BPD, air leaks, duration of oxygen and respiratory
support. We did not observe differences in the rate of
death and in any of the other morbidities evaluated including: BPD, intraventricular hemorrhage, retinopathy
of prematurity, necrotizing enterocolitis and gastrointestinal perforations (Table 3).

Table 3. Secondary outcomes

NCPAP
(n = 108)
Extubation failure, %
32.4
BPD, %
52.9
BPD at 36 weeks PMA, %
25.9
Air leak, %
2.7
Oxygen (mean ± SD), days
41±40.4
Median (range)
31 (1–178)
Ventilation (mean ± SD), days 11±17.7
Median (range)
4 (1–180)

NS-NIPPV
(n = 112)

p
value

32.1
53.2
25.8
1.8
40.5±36.2
35 (1–123)
12.2±17.8
5 (1–123)

ns
ns
ns
ns
ns
ns
ns
ns

NCPAP NS-NIPPV p value
(n = 108) (n = 112)
Death, %
Death or BPD at 36 weeks, %
IVH all grades, %
IVH III–IV, %
GI perforation, %
NEC, %
ROP, %
Nasal trauma, %

10.2
35.2
32.4
12.1
3.7
12.9
17.5
3.7

8.9
34.8
32.1
10.7
1.8
12.5
20.5
4.5

ns
ns
ns
ns
ns
ns
ns
ns

NCPAP, nasal continuous positive airway pressure; NS-NIPPV, nonsynchronized nasal intermittent positive pressure ventilation; BPD, bronchopulmonary dysplasia; PMA, postmenstrual
age.

NCPAP, nasal continuous positive airway pressure; NS-NIPPV, nonsynchronized nasal intermittent positive pressure ventilation; BPD, bronchopulmonary dysplasia; IVH, intraventricular
hemorrhage; GI, gastrointestinal; NEC, necrotizing enterocolitis;
ROP, retinopathy of prematurity.

level NIPPV and allowed synchronization or not. They
concluded that the rate of survival to 36 weeks postmenstrual age without BPD did not differ significantly with
NIPPV as compared with NCPAP. They also did not find
significant differences in the rate of reintubation between
NIPPV (59.5%) and NCPAP (61.8%), p = 0.52. In a more
recent post hoc subanalysis of this study, Millar et al. [22]
did not find differences in the combined outcome death
or BPD and in the extubation failure rate comparing NIPPV using a ventilator versus bilevel NIPPV.
In the present study, we found that NS-NIPPV did not
decrease extubation failure after RDS compared with
NCPAP. Interestingly, when we conducted the analysis
considering birth weight strata, we observed that infants
<1,000 g in the NS-NIPPV group showed a significantly
higher extubation failure when compared with infants
>1,000 g of the same group (Fig. 2). We did not observe
this marked difference in the CPAP group. We do not
have a clear explanation for this lack of effectiveness of
NS-IPPV observed in infants <1,000 g. A reasonable speculation about this absence of effect is the lack of synchronization. Chang et al. [23] demonstrated that asynchrony
during NS-IPPV cycles delivered late in spontaneous inspiration or during exhalation disrupted the infant’s
spontaneous breathing pattern. These elicited active expiratory efforts against the ventilator cycle, delaying
spontaneous exhalation, and consequently delayed the
onset of the next inspiration. It is possible, that smaller
infants are more vulnerable to suffer these changes and a
decrease in their lung volume when this active expiratory
effort and asynchrony happen, due to their collapsing

chest wall and poor diaphragmatic strength. In another
study, Owen et al. [24] investigated the effects of NS-NIPPV on ventilation measured by plethysmography. They
found that NIPPV pressure peaks only resulted in a small
increase in tidal volumes when it coincides with the onset
of spontaneous inspiration. On the other side, when peak
pressures occurred during expiration or apnea, transmission of the pressure to the chest was uncommon and did
not result in chest expansion. In a synchronized mode,
ventilator breaths are delivered just after the infant’s respiratory effort initiation, when the glottis is open [12]
allowing better pressure transmission to the lungs. Thoracoabdominal asynchrony is common in extreme preterm infants, and synchronization can improve chest wall
stability and reduce asynchrony [25–27].
It has been reported that infants become adapted with
NS-NIPPV [28] when they match their spontaneous respiratory rates to the ventilator rhythm; this has been described with rates >40 cycles/min. We did not use rates
higher than 30 cycles/min, and peak pressures were not
increased above 20 cm H2O. These were the criteria set
for all centers because we were concerned about potential
adverse effects of higher pressures. Similar settings were
used in most of the other reported studies evaluating
NIPPV.
In terms of respiratory outcomes, including the prevalence of BPD, duration of respiratory support and oxygen
therapy, there were no significant differences between the
2 groups.
There have been concerns that NS-NIPPV may result in an increased risk of air leaks and gastrointestinal
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Table 2. Respiratory outcomes

Conclusion

In this population of VLBWI, NS-NIPPV did not
 ecrease extubation failure after RDS compared with
d
NCPAP and may be less effective in infants <1,000 g. No
other clinically important outcomes differed significantly
between groups. Synchronization may be important in
delivering effective NIPPV. This should be studied in future clinical trials.
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