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Abstract
Our aim was to compare the work of breathing (WOB) during synchronised nasal intermittent positive pressure ventilation
(SNIPPV) and heated humidified high flow nasal cannula (HHHFNC) when used as post-extubation support in preterm infants.
A randomised crossover study was undertaken of nine infants with a median gestational age of 27 (range 24–31) weeks and post-
natal age of 7 (range 2–50) days. Infants were randomised to either SNIPPV or HHHFNC immediately following extubation.
They were studied for 2 h on one mode and then switched to the other modality and studied for a further 2-h period. The work of
breathing, assessed by measuring the pressure time product of the diaphragm (PTPdi), and thoracoabdominal asynchrony (TAA)
were determined at the end of each 2-h period. The infants’ inspired oxygen requirement, oxygen saturation, heart rate and
respiratory rate were also recorded. The median PTPdi was lower on SNIPPV than on HHHFNC (232 (range 130–352) versus
365 (range 136–449) cmH2O s/min, p = 0.0077), and there was less thoracoabdominal asynchrony (13.4 (range 8.5–41.6) versus
36.1 (range 4.3–50.4) degrees, p = 0.038).

Conclusion: In prematurely born infants, SNIPPV compared to HHHFNC post-extubation reduced the work of breathing and
thoracoabdominal asynchrony.

What is Known:
• The work of breathing and extubation failure are not significantly different in prematurely-born infants supported by HHHFNC or nCPAP.
• SNIPPV reduces inspiratory effort and increases tidal volume and carbon dioxide exchange compared to nCPAP in prematurely born infants.

What is New:
• SNIPPV, as compared to HHHFNC, reduced the work of breathing in prematurely-born infants studied post-extubation.
• SNIPPV, as compared to HHHFNC, reduced thoracoabdominal asynchrony in prematurely born infants studied post-extubation.
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Abbreviations
AB Abdominal movement
ABdiff Difference between inspiratory and expiratory

abdominal positions at mid-RC excursion
ABmax Maximum abdominal excursion
BPD Bronchopulmonary dysplasia
CPAP Continuous positive airway pressure
FiO2 Inspired oxygen fraction
HHHFNC Heated humidified high flow nasal cannula
PdI Transdiaphragmatic pressure
PEEP Positive end expiratory pressure
Pgas Gastric pressures
PIP Peak inspiratory pressures
Poes Oesophageal pressure
PTPdi Pressure time product of the diaphragm
RC Rib cage movement
RIP Respiratory inductance plethysmography
SNIPPV Synchronised nasal intermittent positive

pressure ventilation
TAA Thoracoabdominal asynchrony
WOB Work of breathing

Introduction

Mechanical ventilation can be life-saving in prematurely born
infants, but prolonged ventilation is associated with the devel-
opment of bronchopulmonary dysplasia (BPD) [3]. Post-
extubation, practitioners use non-invasive respiratory support,
but it is not clear which modality is most effective.

Synchronised nasal intermittent positive pressure ventila-
tion (SNIPPV) is a non-invasive mode of ventilation. During
the delivery of SNIPPV, the aim is to synchronise mechanical
inflations with the infant’s breathing efforts. Synchronisation
can be achieved either with a sensor that detects abdominal
movement, a proximal flow sensor, or more recently by using
the diaphragm electromyogram detected with an oesophageal
catheter [11]. SNIPPV delivers positive pressure cycles over a
continuous distending pressure and has been shown to in-
crease the tidal volume and decrease the work of breathing
in infants when compared with non-synchronised NIPPVand
nasal continuous positive airway pressure (CPAP) [1, 15].
HHHFNC delivers heated and humidified air or oxygen at a
flow rate higher than 2 L/min [14]. The proposed advantages
of HHFNC include washout of anatomical deadspace, reduc-
tion in work of breathing and provision of a positive
distending pressure [2, 8]. A Cochrane review demonstrated
that HHHFNC was comparable to CPAP in reducing rates of
extubation failure but had the advantage that nasal trauma
occurred less frequently. It concluded, however, that further
studies were needed to compare HHHFNC with other forms
of respiratory support [22].

The work of breathing is particularly important in the post-
extubation period, as common reasons for extubation failure
include increased oxygen requirements and the development
of a respiratory acidosis [6]. As a consequence, a lower work
of breathing is an important consideration when choosing
which non-invasive mode should be used to support preterm
infants immediately after extubation. There are studies com-
paring work of breathing between HHHFNC and CPAP [9,
20] and SNIPPV and CPAP [1, 12]. Increasingly, however,
practitioners are using HHHFNC in preference to CPAP as
post-extubation support [21], but there are no studies which
compare the work of breathing between SNIPPV and
HHHFNC. The aim of this study, therefore, was to compare
the work of breathing and thoracoabdominal asynchrony in
prematurely born infants receiving SNIPPVand HHHFNC as
post-extubation support.

Methods

Infants born at less than or equal to 32 weeks gestation at
King’s College Hospital NHS Foundation Trust, London,
who had been mechanically ventilated for at least 48 h and
deemed by the clinical team to require non-invasive respi-
ratory support post-extubation were eligible for the study.
Those with major congenital abnormalities or any contra-
indications to SNIPPV or HHHFNC were excluded.
Contraindications included nasal trauma and gastrointesti-
nal surgery within the previous 7 days. The study was
approved by the London Riverside Research Ethics
Committee and parents gave informed, written consent
for their infant to take part in the study.

Protocol

At the point of extubation, infants were randomised to ei-
ther SNIPPVor HHHFNC for 2 h and then switched to the
other mode for a further 2 h. A blocked random number
sequence was generated using an online random number
generator [19]. Allocations were concealed in order in con-
secutively numbered, sealed opaque envelopes by an inde-
pendent researcher not associated with the study. During
the study, infants were monitored continuously and obser-
vations (heart rate, respiratory rate, oxygen saturations and
inspired oxygen fraction) were recorded at 10-min inter-
vals by a member of the research team. During the last
5 min of each 2-h period, the work of breathing and
thoracoabdominal asynchrony was assessed.

SNIPPV was delivered using a Giulia neonatal ventilator via
nasal prongs (Ginevri Medical Technologies, Rome, Italy).
Synchronisation was achieved via a flow sensor contained at
the y piece, just proximal to the nasal prongs. The largest pos-
sible prongs were used to minimise nasal leak as per the
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manufacturer’s recommendation. Aside from provision of a pac-
ifier, if the nurse caring for the infant felt it was appropriate, we
did not attempt to affect leakage from the mouth. SNIPPV was
delivered at peak inspiratory pressure (PIP)/positive end expira-
tory pressure (PEEP) of 14/5 cmH2O for infants weighing less
than 1 kg and PIP/PEEP 16/5 cmH2O for infants weighing 1 kg
or more as per unit protocol. The back-up rate was set at the
same rate as the back-up rate during invasive ventilation prior to
extubation. The trigger level was set at 0.1 L/min for all infants.

HHHFNC was delivered either by an Optiflow system
(Fisher and Paykel Healthcare Limited, Auckland, New
Zealand) or by the SLE 6000 ventilator (SLE Limited,
Croydon, UK). Optiflow nasal prongs (Fisher and Paykel
Healthcare Limited, Auckland, New Zealand) were used with
both systems. The flow rate was set at 6 L/min for infants
weighing less than 1 kg and 8 L/min for those weighing 1 kg
or more. During bothmodes, the inspired oxygen fraction (FiO2)
was titrated tomaintain oxygen saturations between 92 and 96%.

Infants were positioned either prone or supine but remained in
the same position throughout the study. Each infant acted as their
own control; hence, the position of study did not bias whether
one mode was better than another in an individual. Feeds and
Bcares^ were carried out at least 30 min before each episode of
recording.

Measurements

To assess the work of breathing, oesophageal and gastric
pressures (Poes and Pgas) were measured using a dual-
pressure transducer-tipped catheter (Gaeltec, Dunvegan,
UK). To assess thoracoabdominal asynchrony (TAA), ab-
dominal and rib cage movements were measured using
uncalibrated respiratory inductance plethysmography (RIP)
(Respitrace Model 10.9230, Ambulatory Monitoring, NY,
USA). The catheter was inserted, and the RIP bands ap-
plied prior to extubation whilst the infant was still venti-
lated. During the last 5 min of each 2-h period, Poes,
Pgas, abdominal movement (AB) and rib cage movement
(RC) were recorded using Spectra software (Grove
Medical, London, UK). Transdiaphragmatic pressure (Pdi)
was calculated by digital subtraction of Poes from Pgas.
The transdiaphragmatic pressure time product (PTPdi) was
calculated using the area subtended by the Pdi waveform
during inspiration, multiplied by the individual respiratory
rate for each breath. The initial rise in Pdi was used to
mark the beginning of inspiration whilst the end of inspi-
ration was determined from the subsequent fall in rib cage
movement as measured by uncalibrated RIP (Fig. 1). The
data were exported and analysed using Labchart software
(V.7.3.7 27, Powerlab 16SP, ADInstruments, Sydney,
Australia). The mean PTPdi of the first 20 artefact-free
breaths was calculated.

TAA was calculated by plotting a Lissajous figure using
the RC and AB movements in the first five artefact-free
breaths of the final 5-min period on each mode. The
criteria for breath selection were there were no artefacts
from movement or peristalsis. Asynchrony between RC
and AB movements were quantified by determining the
phase angle comparing the difference between inspiratory
and expiratory abdominal positions at mid-RC excursion
(ABdiff) with the maximum abdominal excursion
(ABmax). The phase angle θ was calculated as sin θ =
ABdiff/ABmax. Respiratory rate, heart rate, oxygen satu-
ration and the fraction of the inspired oxygen (FiO2) were
recorded at 10-min intervals throughout the 2-h, and the
results expressed as an average of each 2-h period. Any
episode of desaturation, i.e., an SaO2 < 88% at any time
was recorded.

Sample size

A sample size of 18 infants allowed detection of a difference
in theWOB results of one standard deviation with 80% power
and 5% significance between the two respiratory support
modes. In a previous study [20], the standard deviation was
43 cmH2O s/min.

Statistics

TheWilcoxon signed rank test was used to compare the respira-
tory measures within infants by the two modes of respiratory
support. Statistical analysis was carried out using IBM SPSS
Statistics 14.

Thoracic 
mo�on

Pdi

EndStart

Fig. 1 The upper trace is thoracic motion (rib cage movement) as
documented using RIP. The lower trace is the transdiaphragmatic
pressure (Pdi) signal which was obtained from digital subtraction of
POES from Pgas. The PTPdi was calculated using the shaded area; that
is the area subtended by the Pdi waveform during inspiration. The initial
rise in Pdi was used to mark the beginning of inspiration and the end of
inspiration, the subsequent fall in rib cage movement
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Results

Parents of 32 eligible infants were approached to take part in the
study, 21 agreed to recruitment and 9were subsequently includ-
ed in the study. Of those who consented but were not included,
two infants self-extubated, two were excluded as the consultant
in charge felt non-invasive respiratory support post-extubation
was not appropriate, three infants were transferred back to their
local hospitals whilst still ventilated, three infants were
extubated when the research team were unavailable and two
infants died before being extubated. Infants who were and were
not included in the study did not differ significantly with regard
to their maturity at birth (median 24 (range 23–27) weeks ver-
sus 27 (24–31) weeks (p = 0.058)) or birth weight (744 (455–
1100) g versus 864 (617–1638) g (p = 0.148)).

After assessing nine infants, the researcher who analysed the
traces was aware that all nine infants had a lower PTPdi (prima-
ry outcome) when supported by SNIPPV. The clinical team
considered that the trial should stop, and an interim statistical
analysis was conducted. This showed a highly significant dif-
ference (p = 0.0077) between the two modes of support in fa-
vour of SNIPPV, and hence, the study was terminated. Six
(67%) of the nine infants were females, and all been exposed
to at least one dose of antenatal corticosteroids and post-natal
surfactant. All were receiving caffeine at the time of study. They
were assessed at a median post-natal age of 7 (range 2–50) days
and post-menstrual age of 30 (range 25–32) weeks. Four infants
were studied first on SNIPPVand five first on HHHFNC; there
were no significant differences between those first studied on
SNIPPV or HHHFNC (Table 1). The PTPdi was significantly
lower during SNIPPV than during HHHFNC (p = 0.0077), as
was the TAA (p = 0.038). There were no significant differences
in the FiO2, oxygen saturation, heart rate or respiratory rate
between the two groups (Table 2).

Discussion

We have demonstrated that the work of breathing post-
extubation in infants supported by SNIPPV was significantly
less than that when using HHHFNC. It has previously been
demonstrated that SNIPPV provided superior support to

nCPAP post-extubation as indicated by higher tidal volumes,
yet smaller oesophageal pressure deflections [13]. A cross-
over study, however, found no significant difference in the
PTPdi between HHHFNC and nCPAP [11]. Our study adds
to the literature by providing a comparison of SNIPPV and
HHFNC. To our knowledge, this is the first study which has
made such a comparison. Our results provide proof of prin-
ciple that during SNIPPS Bunloading^ occurs. If the work of
breathing is reduced because of unloading, then in preterm
infants who are prone to chest wall distortion there would be
a lower phase angle of the thoracic and abdominal compo-
nent. Indeed, we demonstrated less TAA. There were no sig-
nificant differences in the inspired oxygen concentration or
oxygen saturation levels, but infants were studied for only 2 h
on each mode.

Previous studies have reported difficulties using flow sen-
sors in preterm neonates because of leak [4]. In this study,
flow was measured by a pressure transducer contained within
the y piece of the nasal prongs and interpreted by software
which the manufacturer states stabilises the flow signal de-
spite variation in air leak from the baby’s nose and mouth
(Giulia neonatal ventilator, Ginevri, Italy). The reliability of
the flow sensor contained in the Giulia has been assessed on a
simulated neonatal model [13]. In that study, the flow sensor
was reported to detect 100% of simulated spontaneous
breaths in the presence of up to 46% leak from the prongs
[13]. The device has been used in subsequent studies without
issues regarding synchronisation being reported [5, 18]. Gizzi
et al. highlighted that SNIPPV using the Guilia was superior
to non-synchronised NIPPV in reducing desaturations, brady-
cardias and apnoeas in preterm infants [5]. Other studies have
emphasised the importance of synchronised rather than non-
synchronised NIPPV. Huang et al. found that synchronised
NIPPV reduced respiratory effort and improved gas exchange
when compared with non-synchronised NIPPV [7].
Furthermore, in a study researching the effects of NIPPV on
the infant’s breathing, NIPPV was shown to only increase the
tidal volume of individual breaths when the onset of the in-
flation coincided with spontaneous inspiration [17]. The pro-
vision, therefore, of inflations synchronised to the infants’
respiratory efforts, maybe responsible for the reduced work
of breathing during SNIPPV. We were, however, unable to

Table 1 Characteristics of the
infants by order of study mode.
Data are presented as mean
(range) or %

1. SNIPPV 1. HHHFNC p
2. HHHFNC 2. SNIPPV

Number of infants 4 5
Female 50% 80% 0.34
Exposed to antenatal steroids (%) 100% 100%
Gestational age (weeks) 26 (24–28) 28 (24–31) 0.19
Birth weight (g) 782 (704–864) 1076 (617–1638) 0.19
PMA at time of study (weeks) 29 (25–32) 30 (27–31) 0.73
Receiving caffeine at the time of study (%) 100% 100%
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assess this, as the infants were studied when extubated, and
thus, it was not possible to make measurements from the
airway. An alternative explanation is that SNIPPV may have
provided a higher distending pressure than HHHFNC.

Whilst we have demonstrated a lower work of breathing on
SNIPPV compared to HHFNC, but access to SNIPPV may be
limited. In a survey of UK practice in 2008, only 37% of tertiary
NICUs were using synchronised SNIPPV [16]. Subsequently,
there have been 10 RCTs or quasi-randomised trials involving
1431 infants post-extubation. The systemic review demonstrat-
ed NIPPV was associated with a significant reduction in need
for reintubation and air leaks [10]. In addition, ten trials have
examined early NIPPV versus CPAP in the first 6 h after birth
and demonstrated a significantly reduced risk of requiring intu-
bation [10]. Those data and ours suggest neonatal practitioners
should consider NIPPV in their suite of respiratory modes.

There are strengths and some limitations to this study. It is
the first study to compare the work of breathing during
SNIPPV to that on HHHFNC. Our protocol did not include
assessment of carbon dioxide or blood pressure levels, but we
did demonstrate no significant differences in the number of
desaturations between the two groups. The study was termi-
nated when only half the planned sample size had been stud-
ied, as in all nine of those infants the WOB were lower during
SNIPPV than during HHHFNC. The researcher who analysed
theWOB and TAA traces was aware of the modalities and that
previous studies had been terminated half way through when
consistently one modality proved superior to the other. This
may have introduced bias, but there are no significant differ-
ences in the demographics according to order of mode studies
and infants were studied on both modalities. It is also possible
that the finding is, therefore, a type I error, but statistically that
is very unlikely with such a small p value (0.0077) for the
primary outcome. Thirty-two parents were approached, and
21 agreed for their infants to take part. Those not included
compared to those included did not differ significantly with
regard to their birth weight or gestational age. We do not
present long-term outcome data, but the lower work of breath-
ing on SNIPPV is likely to be advantageous.

In conclusion, we have demonstrated that SNIPPV com-
pared to HHHFNC significantly reduced the work of breath-
ing and TAA in preterm infants studied immediately post-
extubation.
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