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Recently, a less invasive respiratory management system for
preterm infants has been increasingly used to decrease lung
damage to immature infants due to the association between
ventilator induced lung injury and bronchopulmonary dys-
plasia (BPD).1–7

Animal studies reveal that as little as 2 hours of pressure
limited ventilation induced an inflammatory response in the
alveolar wash fluid. Premature lambs treated with continu-
ous positive airway pressure (CPAP) have lower indicators of
acute lung injury and better compliance.8,9

Nasal CPAP (nCPAP) improves oxygenation by stabilizing
the lung volume in infantswith respiratory distress syndrome

(RDS).6,10,11 nCPAP as a primary mode of respiratory support
has become a standard practice to avoid invasive mechanical
ventilation (iMV) and to facilitate weaning from the ventila-
tor.12–14 Although successful for a large proportion of infants,
it is not always effective with failure rates ranging from 30 to
85%.6,10,11,15 This ismostly evident inmore immature infants,
who also have a higher susceptibility to lung injury and BPD
development.16,17

Nasal intermittent positive pressure ventilation (NIPPV) is
being increasingly used on preterm infants with respiratory
failure.18 NIPPV delivers positive pressure cycles over the
continuous distending pressure. The improved physiological
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Abstract Background Noninvasive ventilation is being increasingly used on preterm infants to
reduce ventilator lung injury and bronchopulmonary dysplasia. The aim of this study
was to evaluate the effectiveness of synchronized nasal intermittent positive pressure
ventilation (SNIPPV) to prevent intubation in premature infants.
Methods Prospective observational study of SNIPPV use on preterm infants of less
than 32 weeks’ gestation. All patients were managed using a prospective protocol
intended to reduce invasive mechanical ventilation (iMV) use. Previous respiratory
status, as well as respiratory outcomes and possible secondary side effects were
analyzed.
Results SNIPPV was used on 78 patients: electively to support extubation on 25
ventilator-dependent patients and as a rescue therapy after nasal continuous positive
airway pressure failure on 53 patients. For 92% of patients in the elective group and 66%
in the rescue group, iMV was avoided over the following 72 hours. No adverse effects
were detected, and all patients were in a stable condition even if intubation was
eventually needed.
Conclusions The application of SNIPPV in place of or to removemechanical ventilation
avoids intubation in 74.4% of preterm infants with respiratory failure. No adverse effects
were detected.
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effects of NIPPV over nCPAP include a higher mean airway
pressure (MAP), a washout of the anatomical dead space in
the upper airways, and possible stimulatory effects of inter-
mittent cycling on the respiratory drive. Other beneficial
effects are an increase in tidal volume and reduction in the
effort required for breathing, which may depend on whether
or not positive pressure cycles are synchronized with the
patient’s spontaneous respiratory effort, allowing the deliv-
ery of a positive pressure while the infant makes an effort, so
that the glottis is open.

A recently published clinical report by the American
Academy of Pediatrics concludes that synchronized NIPPV
(SNIPPV) decreases the frequency of extubation failure but
the evidence for non-SNIPPV or nasal bilevel positive airway
pressure (BiPAP) is inconclusive.19 The superiority of NIPPVor
BiPAP (synchronized or nonsynchronized) over nCPAP in the
management of infants with RDS is still not supported by
published data. One reason for this absence of evidence could
be attributed to the lack of approved devices able to provide
an effective synchronization. The most studied system for
synchronization during nasal ventilation in newborns is the
Graseby capsule,20–22 but these ventilators are no longer in
production. Recently, the neurally adjusted ventilatory assist
(NAVA), which detects the neural activity of the diaphragm,
seems to be a promising system but requires a significant
financial investment, and clinical usefulness must be probed
in an Randomized Controlled Trial (RCT).

Another studied synchronization system involves a flow
sensor applied to a specifically designed neonatal nasal
ventilator. The device’s ability for synchronization has been
tested on a neonatalmodel, suggesting that its performance is
not affected by leaks.23 Benefits beyond nCPAP have been
reported when applied to support extubation,24,25 after
surfactant replacement,26 and during apnea spells.27

At our institution, nCPAP is the first line treatment for
noninvasive support used on preterm infants. Since 2012,
flow-SNIPPV use has been standardized as second-line treat-
ment in lieu of MV in patients on whom nCPAP has already
failed or to facilitate extubation in ventilator-dependent
preterm infants.

To our knowledge, there is only one pilot study that has
evaluated the effectiveness of NIPPV in the treatment of
nCPAP failure, avoiding intubation in 74% of patients with
no different outcome when compared with a conventional
ventilation group.28

The aim of this study was to analyze the effectiveness of
the use of synchronized noninvasive ventilation (flow-
SNIPPV) in avoiding intubation when used as an alternative
treatment to MV, when nCPAP fails, or for extubation on a
select group of preterm infants who have a high risk of
extubation failure.

Methods

Patients and Settings
This is a prospective observational study of SNIPPV use in
preterm infants of less than 32 weeks’ gestation born be-
tween 2012 and 2015.

Our unit’s standard respiratory management protocol is
summarized in the following.

All spontaneously breathing preterm infants of less than
32 weeks’ gestation were supported with CPAP/positive-end
expiratory pressure (PEEP) 6 cm H2O (Neopuff Infant T-Piece
Resuscitator, Fisher&Paykel Healthcare, Auckland, New
Zealand) applied using a nasobuccal mask in the delivery
room (DR). Initial FiO2 was 21 to 30% and then adjusted to
keep saturation targets within standard limits.29 Nasobuccal
CPAP was switched to nasal CPAP in the neonatal intensive
care unit (Infant Flow Driver® device, Carefusion, San Diego,
CA) using binasal short prongs for at least 2 hours with a MAP
of at least 6 cm H2O and FiO2 to maintain preductal SpO2

between 90 and 95%.
Infants were routinely given intravenous caffeine citrate,

with a loading dose of 20mg/kg within thefirst 8 hours of life,
followed by a daily maintenance dose of 5 mg/kg.

Exogenous surfactant was selectively administered if more
than 30% of FiO2 was needed while on nCPAP support (nCPAP
level > 6 cm H2O). An intubation, surfactant administration,
and extubation method was applied up until October 2013
and less invasive surfactant administration using a thin
catheter while on spontaneous nCPAP was applied thereafter.
A second dose of surfactant was given ifmore than 40% of FiO2

was needed to maintain preductal SpO2 > 90%.
Intubation criteria are given in ►Table 1.
If intubation was needed, patients were ventilated in

pressure support ventilation modality combined with vol-
ume guarantee, Dräger VN500 ventilator (Dräger Medical,
Lübeck, Germany). A tidal volume of 4 to 6 mL/kg was
adjusted, with a backup rate that ensures control of the
patient’s respiratory rate (RR) by triggering the ventilator,
usually less than 35 to 40 inflations per minute.

Early extubationwas promoted and supportedwith nCPAP
after an evaluation of respiratory drive in patients in a
clinically stable situation if the MAP was less than 10 cm
H2O and oxygen requirement less than 35%.

Indications of Synchronized Nasal Intermittent Positive
Pressure Ventilation Use

• nCPAP failure: Preterm infants supported with nCPAP that
meet intubation criteria (►Table 1) if they are in a stable
situation—systemic arterial pressure (SAP) > percentile
10 (P10) with preserved respiratory drive (no more than
6 apnea episodes per hour or more than two episodes
requiring positive pressure ventilation (PPV).

• Elective use for extubation:
– Preterm infants in whom nCPAP extubation has previ-

ously failed in the previous 72 hours.

Table 1 Intubation criteria

FiO2 > 50%

Apnea episodes (>4/h or more than 1 needing IPP)

Respiratory acidosis pCO2 > 65 mm Hg and pH < 7.20 on
arterial or capillary samples

Abbreviation: IPP, intermittent positive pressure.

American Journal of Perinatology Reports Vol. 6 No. 3/2016

Noninvasive Ventilation in Preterm Infants Ramos-Navarro et al. e265



– Prolonged MV (more than 15 days) with high respira-
tory parameters (MAP > 10 cm H2O; FiO2 > 35%).

Patients were closely monitored, and if they met intubation
criteria after 2 hours of SNIPPV support or if clinical deterio-
ration occurs before, iMV is initiated.

SNIPPV support was applied using a specifically designed
neonatal nasal ventilator (Giulia, Ginevri Medical Technolo-
gies, Rome, Italy). Synchronization was obtained by means of
a fixed orifice pneumotachograph, initially interposed be-
tween the prongs with the Y-piece being integrated into the
nasal piece. The inspiratory flow was detected as a change in
pressure across the resistance. The initial respiratory param-
eters were PEEP: 5 to 7 cm H2O; peak inspiratory pressure
(PIP): 15–25 cm H2O; inspiratory time: 0.4 to 0.5 of a second;
flow rate: 7 to 10 L/min; and RR: 30–40 breaths per minute.
The level of trigger sensibility was set to the highest level to
avoid auto-triggering.

Binasal–nasal short prongs were used. The size of the
prongs was determined by the infant’s weight. The largest
possible prongs were used.

Inclusion criteria: Infants were eligible for inclusion if they
met the following criteria: gestational age of 230/7 to 316/7

weeks and indication of SNIPPV support using our standard
respiratory management protocol.

Exclusion criteria: (1) hemodynamic instability SAP >

percentile 10, (2) intubation because of anesthesia require-
ment, and (3) insufficient respiratory drive defined as more
than six apnea episodes per hour or more than two episodes
requiring PPV, or less than 30 spontaneous breaths per
minute while on iMV. The reason for excluding infants with
a lack of spontaneous respiratory effort was because nasal
ventilation requires aminimum level of contribution from the
patient in regard to ventilation to achieve synchronization to
ensure the transmission of pressure to the distal airway.

Settings
Perinatal variables examined include gestational age, birth
weight, antenatal steroid treatment, support applied at birth,
days of life, surfactant replacement, and time on MV.

Indication for SNIPPV treatment was collected and the
recorded variables were ventilation management, time
on MV, time on nasal ventilation, moderate to severe BPD
by physiological definition,30 duration of oxygen treatment,
patent ductus arteriosus, retinopathy of prematurity, necro-
tizing enterocolitis requiring surgical treatment, neurologic
impairment (grade 3 or 4 intraventricular hemorrhage based
on Papile’s classification or persistent periventricular leuko-
malacia31), nasal trauma, and air leaks.

Success of SNIPPV is defined as requiring no invasive
ventilation in the following 72 hours.

Statistical Analysis
Normally distributed variables were described using means
and standard deviations. Nonnormally distributed variables
were expressed by medians and interquartile ranges (IQRs).
Differences between categorical variables were analyzed
using Fisher’s exact test. The t-test was used to compare
means in normally distributed continuous variables and the
Mann–Whitney U test was used to compare nonnormal
distributed variables. A p-value < 0.05 was considered sig-
nificant. Data were analyzed using the SPSS package version
19.0 (SPSS Inc., Chicago, IL) for Windows.

Results

During the study period, a total of 424 preterm infants of less
than 32 weeks’ gestation were born at our institution. Of the
424preterm infants, 122 (28.7%)were intubated in the DR, and
the other 302 were initially managed with nCPAP, with 135
(44.7%) of them required iMV during hospitalization (►Fig. 1).

A total of 78 patients born at less than 32 weeks’ gestation
were treated with SNIPPV during this period of time.

• SNIPPV was electively used for extubation in 25 patients,
with 23 (92%) not requiring reintubation over the follow-
ing 3 days. Characteristics are given in ►Table 2.
Thirteen patients met the inclusion criteria because of
prolonged MV and high respiratory assistance (median
FiO2 and PMAP prior to extubationwas 38% [IQR: 33–42.5]

Fig. 1 Invasive mechanical ventilation requirements during hospitalization.
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and 13% [IQR: 12–14] cm H2O, respectively). SNIPPV was
applied in the other 12 patients because of nCPAP extu-
bation failure in the previous 3 days. Median FiO2 in this
group was 27.5% (IQR: 25–34) and mean airway pressure
(MAP) was 13 cm H2O (IQR: 11–16). The time from
previous extubation failure to SNIPPV extubation was 48
hours (IQR: 35–62.5).

• SNIPPV was used on 53 patients as a rescue therapy for
nCPAP failure and intubation was avoided in 35 patients
(66%). Characteristics and results are given in ►Table 2.
– Twenty-three patients had no previous exposure to

iMV, and SNIPPV was successful in 16 patients
(69.5%). Success rates were higher when applied after
the first 3 days of life (84.6%; n ¼ 13) compared with
when used within the first 3 days (50%; n ¼ 10). All of
them were previously treated with surfactant.

– SNIPPV was used on the other 30 infants previously
exposed to iMV that met the nCPAP failure inclusion
criteria after a variable period of extubation. Reintuba-
tion was avoided in 19 patients (63.3%).

Of the 83 patients intubated within the first 3 days of life
during this period (►Fig. 1), 8 met the inclusion criteria for
SNIPPV use, but it could not be used on 3 of them because of
the unavailability of the device. The other five patients were
intubated after a trial of SNIPPV in a median time of 6 hours

(1.5–12). Five patientsmet inclusion criteria in thefirst 3 days
of life after being successfully treated with SNIPPV.

Fifty-two infants met the inclusion criteria for SNIPPV use
after the first 3 days of life because of nCPAP failure with
application on 43 infants, while the remaining 9 infants were
not given SNIPPVas the device was not available at the time it
was required. The success rate for this group was 69.7% (30).

All patients could be properly managed with SNIPPV
support in a stable hemodynamic situation.

When intubationwas finally needed, the median timewas
5.5 hours (2.2–12). No significant differences have been found
in SNIPPV patient successes versus failures except for the
more frequent nCPAP failure indication (►Table 3).

The rate of infants of less than 32 weeks’ gestational age
who are managed without intubation during hospitalization
has increased during the implementation of the actual
SNIPPV use protocol from 41.9% in 2012 to 45.3% in 2015,
even when the proportion of infants of less than 26 weeks’
gestation has increased from 15.4% in 2012 to 20% in 2015
(p ¼ 0.329). The rate of intubation in patients managed with
noninvasive support from birth decreased from 34.4 to 17.9%
(p ¼ 0.048). Survival free of mild and moderate BPD has
increased from 62.4% in 2012 to 66.3% (0.554) in 2015,
with trends showing a reduction in the combined effect of
death and severe BPD (rates from 23 to 18.3%; p ¼ 0.776)
(►Table 4).

Table 2 Results

Elective use (n ¼ 25) nCPAP failure (n ¼ 53) p-Value

GA (wk) (median; IQR) 25.7; 25.0–26.6 27.5; 26.1–28.7 0.001

Weight at birth (g) (median; IQR) 680; 500–860 930; 745–1,150 0.002

Days of life (median; IQR) 39; 17–60 11; 5.5–24 0.022

Prenatal corticosteroids, n (%) 19 (76) 45 (84.9) 0.517

Rate of intubation at delivery, n (%) 18 (72) 23 (43.4) 0.061

Surfactant, n (%) 22 (88) 46 (86.8) 0.356

Days of MV prior to SNIPPV use
(median; IQR)

60; 28–192 5; 0–72 <0.001

Duration (h) of SNIPPV support
(median; IQR)

96; 48–132 48; 10–84 0.033

Air leaks, n (%) 1 (4)a 4 (7.5)b 0.551

Nasal injury, n (%) 0 1 (1.9)c 0.489

Pathologic cranial ultrasound,d n (%) 1 (4)1 4 (7.5) 0.551

Successe 23(92) 35 (66) 0.014

Previous nCPAP
extubation failure
(n ¼ 12)

Ventilator-
dependent
patients
(n ¼ 13)

Apnea
(n ¼ 23)

Hypoxemia
(n ¼ 15)

Respiratory
acidosis (n ¼ 15)

11 (91.7) 12 (92.3) 15 (62.5) 9 (60) 11 (73.3) 0.081

Abbreviations: GA, gestational age; IQR, interquartile range; MV, mechanical ventilation; nCPAP, nasal continuous distended pressure; SNIPPV,
synchronized nasal intermittent positive pressure ventilation.
aPrevious to SNIPPV use.
bPrevious to SNIPPV use.
cResolved with topical care, no iMV was needed.
dIntraventricular hemorrhage grade 3 or 4 based on Papile’s classification or persistent periventricular leukomalacia (more than 15 days).
eNo iMV in the next 72 h.
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Discussion

SNIPPV applied instead of or for the removal of MV avoids
intubation in 74.4% of preterm infants with respiratory
failure. No adverse effects have been observed even in those
patients who eventually required iMV.

The success rates of SNIPPV used for ventilator removal is
similar to previously reported rated for NIPPV (89.2% vs. 92%)
32, evenwhen flow-SNIPPVwas applied during this study to a
selected high risk group of patients in which nCPAP extuba-
tion had previously failed or in patients with the need of high
respiratory assistance. In contrast, in previously published
trials, NIPPV extubation was performed from low levels of
respiratory support reflecting less severe pulmonary affec-
tion (usually less than 35% of the oxygen requirement).32

Nesbitt et al reported a 66.6% success rate of noninvasive
ventilation support applied to unplanned extubations.33

When comparing the baseline characteristics of the 30 pa-
tients included in the Nesbitt et al study with the 25 patients
included in this study, there were more mature infants
(median gestational age: 27 þ 6 vs. 25 þ 6), with greater
birth weights (median: 934 vs. 680 grams) and lower previ-
ous FiO2 requirements (21 vs. 40.8%). The success rate of
SNIPPV in preventing reintubations is greatest in our highest
risk population (92%), showing potential added benefits of
program extubations and prompt administration of SNIPPV

support after endotracheal tube removal rather than delayed
use after an accidental extubation. The success rate is also
significantly lower in this studywhen SNIPPV is used after the
intubation criteria has been met when compared with when
it is administered electively. One explanation could be that
SNIPPV can support ventilation in this high-risk group when
they are in the “best condition” possible. Once deterioration
has already begun, SNIPPV is not always able to resolve the
situation. This is especially evident during the first 3 days of
life in which success rates were lower even when all these
patients were previously treated with exogenous surfactant
administration.

This observation is consistent with the study of Badiee
et al24 in which risk factors for needing intubation after
applying of NIPPV for nCPAP failure also included a lower
postnatal age at entrance to study (median 1 day in failure
group) and a requirement ofmore frequentdoses of surfactant.
It seems that for patients in their first days of life who have
already met intubation criteria due to RDS despite exogenous
surfactant replacement, SNIPPV is less effective and in many
cases cannot even be tried because of a possible abrupt
impairment of the respiratory drive (85.3% met exclusion
criteria for SNIPPV use). It is possible that earlier SNIPPV
support, if there is no clinical improvement after surfactant
treatment without waiting to meet intubation criteria, could
decrease the requirement of iMV. In a pilot study recently

Table 3 Results

SNIPPV success (n ¼ 58) SNIPPV failure (n ¼ 20) p

GA (median; IQR) 26.7; 25.9–28.2 26.9,25.7–27.9 0.506

Weight at birth (median; IQR) 885; 667–885 765; 550–887 0.175

Days of life (median; IQR) 16; 8.0–48.2 18.5; 1.7–29.5 0.357

Prenatal corticosteroids, n(%) 49 (84.5) 15 (75) 0.635

Rate of intubation at delivery, n(%) 28 (48.3) 13 (65) 0.326

Surfactant, n(%) 49 (84.4) 95% (19) 0.279

Days on MV prior to SNIPPV use (median; IQR) 7; 1.0–24.0 7; 1.0–30.0 0.917

nCPAP failure indication, n (%) 35 (60.3) 18 (90) 0.014

Time on SNIPPV support (h) (median; IQR) 72; 48.0–120.0 5.5; 2.2–12.0 <0.01

Death or BPD (II–III), n (%) 28 (48.3) 13 (65) 0.497

Pathologic cranial ultrasound,a n (%) 10(17.2) 4(20) 0.782

NEC,b n (%) 7(12.1) 5(26.3) 0.139

ROP,c n (%) 11(19.3) 3(16.3) 0.210

PDA,d n (%) 17 (29.3) 8(42.1) 0.310

Oxygen treatment (d) Median (IQR) 62 (45–95) 65 (59.7–202.5) 0.127

Oxygen at discharge, n (%) 14 (24.1) 8 (42.1) 0.149

Death, n (%) 5 (8.6) 3 (15.8) 0.497

Abbreviations: BPD, bronchopulmonary dysplasia; GA, gestational age; IQR, interquartile range; MV, mechanical ventilation; nCPAP, nasal continuous
positive airway pressure; NEC, necrotizing enterocolitis; ROP, retinopathy of prematurity; PDA, patent ductus arteriosus; SNIPPV, synchronized nasal
intermittent positive pressure ventilation.
aIntraventricular hemorrhage grade 3 or 4 based on Papile’s classification or persistent periventricular leukomalacia (more than 15 days).
bRequiring surgery.
cRequiring laser therapy.
dRequiring surgical or percutaneous closure.
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published by our group, a lack in FiO2 reduction after surfac-
tant treatment was associated with the need for iMV,34 so it is
likely that this group of patients will benefit from switching
from nCPAP to SNIPPV. The reported intubation ratewhen this
device is used electively after surfactant administration was
6.1% in contrast to a 35.5% failure rate in the group of nCPAP.26

The success rate of NIPPV used for nCPAP failure is also
higher in the pilot study of Badiee et al28: 74% (n ¼ 27) versus
66% (n ¼ 53) but the included patient’s greater maturity
(mean gestational age: 28.7 vs. 27.4 in this study), larger
weight (mean: 1,159 vs. 930 grams), and less surfactant
requirement (48 vs. 86.8%) should be taken into account
making these two populations incomparable.

Apnea spells are one of the main reasons for nCPAP failure
(►Table 2), and even when infants with severe apnea were
excluded from SNIPPV use in this study, quite a high propor-
tion, 37.5% of infants thatmet intubation criteria due to apnea
spells finally required intubation. Some reports found no
pressure transmission to the chest wall or an increase in tidal
volume in apnea spells.35,36 Nasal ventilation requires a quite
preserved respiratory drive to ensure pressure transmission
to the distal airway. Synchronized delivery of NIPPV cycles to
the infant’s inspiration is believed to increase the efficacy of
NIPPV because the pressure is dispensed when the glottis is

open, minimizing transmission through the esophagus to the
stomach. This allows an increase in tidal volume, a decrease in
work of breathing (WOB)37,38 and a reduction to the risk of
gastrointestinal side effects. Conversely, asynchronous
breaths can induce laryngeal closure and inhibit inspira-
tion,39 increase abdominal distension and WOB.40,41

The benefits of synchronization in noninvasive ventila-
tion has been probed in clinical trials when used for the
prevention of extubation failure,12,32,37 but there is still not
enough evidence of superiority of noninvasive ventilation,
synchronized or otherwise, over nCPAP when applied for
RDS management in preterm infants as is concluded in the
recently published clinical report of American Academy of
Pediatrics.19 Most of the studies analyzed in this report
used non-SNIPPV. The main problem may be the lack of
devices that are able to synchronize and approved for use
on newborns for noninvasive ventilation. The Graseby
capsule is not available in the United States for SNIPPV,
and the infant flow SiPAP system driver is not approved by
the U.S. Food and Drug Administration. The usefulness of
the NAVA system, even though it seems promising, has still
to be proven in RCTs. Synchronized ventilator generated
NIPPV is the only NIPPV mode consistently shown to
provide a benefit over nCPAP.32

Table 4 Outcomes in infants of less than 32 weeks’ GA since implementation of SNIPPV use protocol.

2012 (n ¼ 117) 2015 (n ¼ 95) p-Value

GA (wk) 28.9 (27.1–31) 28.0 (26.1–29.7)) 0.069

Weight (g) 1,140 (880–1,502) 1,000 (750–1,350) 0.003

Intubation first 2 h 29 (24.8) 35 (36.8) 0.062

Crib score 1 (0–4) 3 (1–7) 0.005

Time on MV (h), mean (SD) 198 (551.2) 214 (458.9) 0.580

SNIPPV use 1 (0,9) 26 (27.7) <0.001

No MV during hospitalization 39 (41.9) 43 (45.3) 0.453

Noninvasive failurea 39 (33.4) 17 (17.8) 0.022

Surfactant treatment 62 (53) 60 (63.2) 0.136

HFOV on day 3 15 (12.8) 23 (24.2) 0.045

PDA 38 (33.6) 37 (39.2) 0.393

Air leaks 9 (7.7) 9 (9.5) 0.644

Nosocomial sepsis 76 (65) 42 (44.2) 0.008

Pathologic cranial ultrasound 13 (11.1) 18 (18.9) 0.108

SF-BPD global 73 (62.4) 63 (66.3) 0.359

SF-BPD < 26 wk 11.1% 15.8% 0.677

SF-BPD: 26–29 wk 48.8% 70% 0.05

SF-BPD > 29 wk 89.3% 88.9% 0.952

Death or severe BPD 27 (23) 18 (18.3) 0.776

Mortality 18 (15.4) 14 (14.7) 0.320

Abbreviations: BPD, bronchopulmonary dysplasia; GA, gestational age; HFOV, high-frequency oscillatory ventilation; MV, mechanical ventilation;
SNIPPV, synchronized nasal intermittent positive pressure ventilation; PDA, patent ductus arteriosus; SD, standard deviation; SF, survival-free.
aIn infants managed at birth with noninvasive support.
Note: Data expressed in n (%) or median (IQR).
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At our institution, flow SNIPPV has been applied since
2004, provided by a neonatal nasal ventilator (Giulia®).

The synchronization effectiveness of this device has been
proven in a simulated neonatal model23 highlighting that the
Giulia flow sensor is capable of detecting very small “sponta-
neous” inspiratory volumes (0.021 � 0.02 mL) and flows (3
mL/second) and that its performance is not affected by the
amount of leakage. The steady component of flow generated
by the continuous variable leaks is quantified and deducted,
while the fast variations of flowdue to spontaneous breathing
are used to trigger the ventilator. The dead space of the
transducer is remarkably reduced (1 mL) as it is enclosed in
the joint between the nasal cannula and the Y-piece.

Clinical trials using this device have shown its efficacy to
prevent extubation failure when compared with nCPAP (10
vs. 30%),25 to decrease intubation rates when used in RDS
after surfactant administration (6.1 vs. 35.5%),26 and to
reduce the apnea episodes compared with nCPAP and non-
SNIPPV.27

In our study, SNIPPVapplied instead of invasive ventilation
in preterm infantswith respiratory failure is safe and effective
in 66% of cases. Success rates for elective use are higher (92%),
and even thoughwe are unable to confirm howmany of these
patients will be reintubated without SNIPPV support because
of the lack of a control group, all these infants were classified
as needing high respiratory assistance or nCPAP extubation
had recently failed so, in clinical practice, theywould not have
been extubated otherwise.

The simplicity and wide availability of nCPAP systems
make it the most suitable first-line noninvasive respiratory
treatment for preterm infants, but early predictors of nCPAP
failure and safe extubation parameters should be established
to provide a precocious SNIPPV support to reduce iMV
exposure.

Since the implementation of SNIPPV use in the respiratory
management of preterm infants, wehave found an increase in
the survival rate of BPDwith a decrease in the rates of death or
severity of BPD, but it should be noted that there were also
other modifications in respiratory management during this
period, including the administration of surfactant using less
invasive techniques and an increased use of high-frequency
oscillatory ventilation for protective lung ventilation.

An RCT is needed to evaluate the effectiveness of synchro-
nized nasal ventilation in reducing intubation and BPD rates
in this select group of preterm infants in which nasal CPAP is
not sufficient.

Limitations of the Study
This is a pragmatic observational study with limitations,
including the small sample size and lack of randomization,
but reflects the utility and safety of the technique in current
clinical practices.

Conclusions

SNIPPV applied instead of or for the removal of MV avoids
intubation in 74.4% of preterm infants with respiratory
failure. No adverse effects were detected even if intubation

was finally needed. Effectiveness is lower when used for
nCPAP failure when intubation criteria were achieved.
SNIPPV support criteria should be specifically defined to
ensure early SNIPPV application, mostly during the first
days of life. An RCT is needed to analyze the effectiveness
of SNIPPV over nCPAP in this select group of preterm infants,
evaluating the long-term consequences of SNIPPV use in
pulmonary function.
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