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A B S T R A C T

Background

Previous randomised trials and meta-analyses have shown that nasal continuous positive airway pressure (NCPAP) is a useful method for
providing respiratory support a(er extubation. However, this treatment sometimes 'fails' in infants, and they may require endotracheal re-
intubation with its attendant risks and expense. Nasal intermittent positive pressure ventilation (NIPPV) can augment NCPAP by delivering
ventilator breaths via nasal prongs. Older children and adults with chronic respiratory failure benefit from NIPPV, and the technique has
been applied to neonates. However, serious side eIects including gastric perforation have been reported with older methods of providing
NIPPV.

Objectives

Primary objective

To compare eIects of management with NIPPV versus NCPAP on the need for additional ventilatory support in preterm infants whose
endotracheal tube was removed a(er a period of intermittent positive pressure ventilation.

Secondary objectives

To compare rates of gastric distension, gastrointestinal perforation, necrotising enterocolitis and chronic lung disease; duration of
hospitalisation; and rates of apnoea, air leak and mortality for NIPPV and NCPAP.

Search methods

We used the standard search strategy of the Cochrane Neonatal Review Group to search the Cochrane Central Register of Controlled Trials
(CENTRAL; 2015, Issue 9), MEDLINE via PubMed (1966 to 28 September 2015), Embase (1980 to 28 September 2015) and the Cumulative
Index to Nursing and Allied Health Literature (CINAHL; 1982 to 28 September 2015). We also searched clinical trials databases, conference
proceedings and reference lists of retrieved articles for randomised controlled trials and quasi-randomised trials.

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
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Selection criteria

We included randomised and quasi-randomised trials comparing use of NIPPV versus NCPAP in extubated preterm infants. NIPPV included
non-invasive support delivered by a mechanical ventilator or a bilevel device in a synchronised or non-synchronised way. Participants
included ventilated preterm infants who were ready to be extubated to non-invasive respiratory support. Interventions compared were
NIPPV, delivered by short nasal prongs or nasopharyngeal tube, and NCPAP, delivered by the same methods.

Types of outcomes measures included failure of therapy (respiratory failure, rates of endotracheal re-intubation); gastrointestinal
complications (i.e. abdominal distension requiring cessation of feeds, gastrointestinal perforation or necrotising enterocolitis); pulmonary
air leak; chronic lung disease (oxygen requirement at 36 weeks' postmenstrual age) and mortality.

Data collection and analysis

Three review authors independently extracted data regarding clinical outcomes including extubation failure; endotracheal re-intubation;
rates of apnoea, gastrointestinal perforation, feeding intolerance, necrotising enterocolitis, chronic lung disease and air leak; and duration
of hospital stay. We analysed trials using risk ratio (RR), risk diIerence (RD) and the number needed to treat for an additional beneficial
outcome (NNTB) or an additional harmful outcome (NNTH) for dichotomous outcomes, and mean diIerence (MD) for continuous
outcomes. We used the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach to assess the quality
of evidence.

Main results

Through the search, we identified 10 trials enrolling a total of 1431 infants and comparing extubation of infants to NIPPV or NCPAP. Three
trials had methodological limitations and possible selection bias.

Five trials used the synchronised form of NIPPV, four used the non-synchronised form and one used both methods. Eight studies used
NIPPV delivered by a ventilator, one used a bilevel device and one used both methods. When all studies were included, meta-analysis
demonstrated a statistically and clinically significant reduction in the risk of meeting extubation failure criteria (typical RR 0.70, 95% CI
0.60 to 0.80; typical RD -0.13, 95% CI -0.17 to -0.08; NNTB 8, 95% CI 6 to 13; 10 trials, 1431 infants) and needing re-intubation (typical RR
0.76, 95% CI 0.65 to 0.88; typical RD -0.10, 95% CI -0.15 to -0.05; NNTB 10, 95% CI 7 to 20; 10 trials, 1431 infants). We graded evidence for
these outcomes as moderate, as all trial interventions were unblinded. Although methods of synchronisation varied (Graseby capsule or
pneumotachograph/flow-trigger), the five trials that synchronised NIPPV showed a statistically significant benefit for infants extubated to
NIPPV in terms of prevention of extubation failure up to one week a(er extubation.

Unsynchronised NIPPV also reduced extubation failure. NIPPV provided via a ventilator is more beneficial than that provided by bilevel
devices in reducing extubation failure during the first week. When comparing interventions, investigators found no significant reduction
in rates of chronic lung disease (typical RR 0.94, 95% CI 0.80 to 1.10; typical RD -0.02, 95% CI -0.08 to 0.03) or death, and no diIerence
in the incidence of necrotising enterocolitis. Air leaks were reduced in infants randomised to NIPPV (typical RR 0.48, 95% CI 0.28 to 0.82;
typical RD -0.03, 95% CI -0.05 to -0.01; NNTB 33, 95% CI 20 to 100). We graded evidence quality as moderate (unblinded studies) or low
(imprecision) for secondary outcomes.

Authors' conclusions

Implications for practice

NIPPV reduces the incidence of extubation failure and the need for re-intubation within 48 hours to one week more eIectively than NCPAP;
however, it has no eIect on chronic lung disease nor on mortality. Synchronisation may be important in delivering eIective NIPPV. The
device used to deliver NIPPV may be important; however, data are insuIicient to support strong conclusions. NIPPV does not appear to
be associated with increased gastrointestinal side eIects.

Implications for research

Large trials should establish the impact of synchronisation of NIPPV on safety and eIicacy of the technique and should compare the eIicacy
of bilevel devices versus a ventilator for providing NIPPV.

P L A I N   L A N G U A G E   S U M M A R Y

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm
neonates a er extubation

Review question

Does nasal intermittent positive pressure ventilation (NIPPV) confer short-term and long-term benefits without causing harm to premature
infants coming oI a ventilator? How does it compare with nasal continuous positive airway pressure (NCPAP)?

Background

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
a er extubation (Review)
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Evidence suggests that NIPPV increases the eIectiveness of NCPAP in preterm babies who no longer need an endotracheal tube (tube in the
windpipe). Preterm babies with breathing problems o(en require help from a machine (ventilator) that provides regular breaths through
a tube in the windpipe. The process of extubation or removal of this tube does not always go smoothly, and the tube may need to be re-
inserted if the baby cannot manage without assistance. NCPAP and NIPPV are ways of supporting babies' breathing in a minimally invasive
way - the tubes are short and reach only to the back of the nose, thus causing minimal damage to the lungs. NCPAP and NIPPV may be
used a(er extubation to reduce the number of babies who need re-insertion of the endotracheal tube. NCPAP provides steady pressure to
the back of the nose that is transmitted to the lungs, helping the baby breathe more comfortably. NIPPV provides the same support along
with some breaths via the ventilator.

Study characteristics

We searched scientific databases for studies comparing NCPAP versus NIPPV in preterm infants (born before 37 completed weeks of
pregnancy) who no longer need an endotracheal tube. We looked at breathing problems, the need for the endotracheal tube to be re-
instated and side eIects. Evidence is current to September 2015.

Key results

We found ten trials comparing NCPAP versus NIPPV. Six of ten studies that compared NCPAP and NIPPV showed that NIPPV reduced the
need for re-insertion of the endotracheal tube. Future studies must determine how NIPPV can best be delivered to infants.

Quality of the evidence

In clinical trials, clinicians and investigators were aware of the intervention received by each infant (NIPPV or NCPAP). Therefore, we graded
the quality of evidence for the primary outcome (breathing problems and need for re-insertion of the endotracheal tube) as moderate.

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
a er extubation (Review)
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Summary of findings for the main comparison.   NIPPV versus NCPAP

NIPPV versus NCPAP

Patient or population: preterm neonates after extubation
Setting: neonatal intensive care unit
Intervention: NIPPV
Comparison: NCPAP

Anticipated absolute effects* (95% CI)Outcomes

Risk with NCPAP Risk with NIPPV

Relative effect
(95% CI)

Number of
participants
(studies)

Quality of the
evidence
(GRADE)

Comments

Study populationRespiratory failure post
extubation

413 per 1000 289 per 1000
(248 to 330)

RR 0.70
(0.60 to 0.80)

1431
(10 studies)

Moderatea Risk of bias: intervention un-
blinded

OIS 554

Study populationEndotracheal re-intuba-
tion during the week post
extubation 396 per 1000 301 per 1000

(257 to 348)

RR 0.76
(0.65 to 0.88)

1301

(8 studies)

Moderatea Risk of bias: intervention un-
blinded

OIS 724

Study populationAbdominal distension re-
quiring cessation of feeds

112 per 1000 143 per 1000
(72 to 284)

RR 1.27
(0.64 to 2.53)

199

(4 studies)

Lowa,b Risk of bias: intervention un-
blinded Imprecision: wide
confidence intervals

Study populationGastrointestinal perfora-
tion

66 per 1000 62 per 1000
(40 to 98)

RR 0.94
(0.60 to 1.48)

1066

(5 studies)

Moderatea Risk of bias: intervention un-
blinded

Study populationNecrotising enterocolitis

127 per 1000 110 per 1000
(81 to 151)

RR 0.87
(0.64 to 1.19)

1214
(6 studies)

Moderatea Risk of bias: intervention un-
blinded

Study populationChronic lung disease (oxy-
gen supplementation at
36 weeks) 355 per 1000 334 per 1000

RR 0.94
(0.80 to 1.10)

1140

(6 studies)

Moderatea Risk of bias: intervention un-
blinded
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(284 to 391)

Study populationPulmonary air leak

61 per 1000 29 per 1000
(17 to 50)

RR 0.48
(0.28 to 0.82)

1229
(6 studies)

Moderatea Risk of bias: intervention un-
blinded

OIS 749

Duration of hospitalisa-
tion (days)

Mean duration of
hospitalisation
(days) was 0

Mean duration of hospitalisa-
tion (days) in the intervention
group was 2.77 higher (0.04 to
5.51 higher)

  238
(4 studies)

Lowa,b Risk of bias: intervention un-
blinded Imprecision: wide
confidence intervals

Study populationDeath before discharge

104 per 1000 72 per 1000
(50 to 103)

RR 0.69
(0.48 to 0.99)

1237
(6 studies)

Moderatea Risk of bias: intervention un-
blinded

Imprecision

OIS 1844

*The risk in the intervention group (and its 95% confidence interval) is based on assumed risk in the comparison group and the relative effect of the intervention (and its
95% CI).
 
CI: confidence interval; OR: odds ratio; RR: risk ratio.

GRADE Working Group grades of evidence. 
High quality: We are very confident that the true effect lies close to the estimate of effect.
Moderate quality: We are moderately confident in the effect estimate: The true effect is likely to be close to the estimate of effect but may be substantially different.
Low quality: Our confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of effect.
Very low quality: We have very little confidence in the effect estimate: The true effect is likely to be substantially different from the estimate of effect.

aIntervention unblinded.
bImprecise estimate (wide confidence intervals).
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B A C K G R O U N D

Description of the condition

Preterm infants may experience diIiculty with spontaneous,
unassisted breathing for a variety of reasons, including lung
immaturity, chest wall instability, upper airway obstruction and
poor central respiratory drive. Historically, the primary method
of support for these infants has consisted of endotracheal
intubation and intermittent positive pressure ventilation. Although
this method is eIective, it is accompanied by complications
(upper airway damage, bronchopulmonary dysplasia, sepsis) and
is associated with considerable economic cost. Minimising the
duration of endotracheal intubation or avoiding it completely
has been a goal of neonatal intensive care. Nasal continuous
positive airway pressure (NCPAP) is a less invasive way of
providing respiratory support for neonates at risk of, or actually
experiencing, respiratory failure. One systematic review of trials
comparing NCPAP versus treatment with oxyhood concluded
that NCPAP begun immediately a(er a period of endotracheal
intubation reduced the rate of adverse events (apnoea, respiratory
acidosis and increased oxygen requirements) leading to re-
intubation (Bancalari 2013; Davis 2003b). In this systematic review,
approximately 25% of all preterm infants allocated to NCPAP failed
extubation; therefore, the need exists to improve outcomes further
for infants thought to no longer require an endotracheal tube.

Adults and older children with acute or chronic ventilatory
failure of various origins, including chronic obstructive pulmonary
disease (Bott 1993), severe kyphoscoliosis (Ellis 1988) and pre-
lung transplantation cystic fibrosis (Piper 1992), have been treated
with intermittent positive pressure ventilation delivered via a nasal
interface. Clinicians have reported improvements in respiratory
function.

Description of the intervention

Nasal intermittent positive pressure ventilation (NIPPV) is a simple,
eIective mode of respiratory support. NIPPV augments continuous
positive airway pressure (CPAP) with superimposed inflations to
a set peak pressure (typically 15 to 22 cmH2O). NIPPV may be

delivered by nasal mask or prongs, which may be short or long,
single or binasal. Some devices attempt to synchronise inflations
with the infant's respiratory eIorts (Owen 2007). Synchronisation
can occur via pneumatic capsules detecting abdominal wall
movements or by airway-derived flow signals. Trigger delays
occur, and trigger response is less consistent at high spontaneous
breathing rates (Owen 2016).

How the intervention might work

NIPPV has been used in neonates for a variety of indications.
About 53% of Canadian tertiary care nurseries reported using
NIPPV in the mid-1980s (Ryan 1989). More recently, 44 of 91
(48%) neonatal units in the UK reported using NIPPV (Owen 2008).
The physiological benefits of this technique have been evaluated.
NIPPV reduces asynchronous thoracoabdominal motion, perhaps
by reducing tube resistance or providing better stabilisation of
the chest wall, or both (Kiciman 1998). Its use improves tidal and
minute volumes and decreases the inspiratory eIort required by
neonates compared with NCPAP (Moretti 1999). NIPPV has not been
provided without problems in neonates; Garland 1985 reported
an association between use of ventilation via nasal prongs and

increased risk of gastrointestinal perforation. In the past, lack of
high-quality evidence has led to variability in practice between
neonatal intensive care units with respect to NIPPV.

Newer devices now on the market, which are not ventilators,
provide bilevel respiratory support (higher positive pressure
followed by lower pressure); however, they have limited peak
pressure capabilities (i.e. they generally cannot provide more
than 10 cmH2O of peak positive pressure). Some devices have

the ability to synchronise higher pressure with the infant's own
breaths by using a trigger biphasic mode. Whether these devices
are comparable with more conventional NIPPV delivered via a
ventilator is unclear, as they cannot attain peak inspiratory pressure
(PIP) similar to that achieved by NIPPV delivered via a ventilator.
Whether synchronisation adds clinical benefit remains unclear
(Davis 2009). For the purposes of this review, we will use the
term 'NIPPV' to describe all forms of non-invasive ventilation that
intermittently provide supportive breaths or higher pressure.

Why it is important to do this review

Avoiding or reducing time spent on invasive ventilation is a goal of
treatment for all premature infants. Many published studies have
reported use of various forms of NIPPV or bilevel support, o(en
including a small number of infants or a single centre. We are
conducting this review to provide bedside clinicians with the best
available evidence regarding their choice of non-invasive support.

O B J E C T I V E S

Primary objective

To determine eIects of management with NIPPV versus NCPAP
on the need for additional ventilatory support in preterm
infants whose endotracheal tube was removed a(er a period of
intermittent positive pressure ventilation.

Secondary objectives

To compare rates of gastric distension, gastrointestinal perforation,
necrotising enterocolitis and chronic lung disease; duration of
hospitalisation; and rates of apnoea, air leak and mortality for
NIPPV and NCPAP.

M E T H O D S

Criteria for considering studies for this review

Types of studies

Randomised and quasi-randomised trials.

Types of participants

Preterm infants (i.e. those born before 37 completed weeks'
gestation) extubated a(er a period of endotracheal intubation.

Types of interventions

Intermittent positive pressure ventilation provided by a ventilator
or a bilevel device and administered via the nasal route by short
nasal prongs or nasopharyngeal tubes versus NCPAP delivered by
the same methods. NIPPV included non-invasive support delivered
by a mechanical ventilator or a bilevel device in a synchronised or
non-synchronised way.

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
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Types of outcome measures

Primary outcomes

• Respiratory failure defined by respiratory acidosis, increased
oxygen requirement or apnoea that was frequent or severe,
leading to additional ventilatory support during the week post
extubation

Secondary outcomes

• Endotracheal re-intubation during the week post extubation

• Rates of abdominal distension requiring cessation of feeds

• Rates of gastrointestinal perforation diagnosed radiologically or
at operation

• Rates of necrotising enterocolitis (NEC), defined according to
modified Bell's criteria (stage 2 to 3)

• Rates of chronic lung disease (CLD), defined as requirement
for supplemental oxygen at 28 days of life or at 36 weeks'
postmenstrual age

• Duration of hospitalisation

• Rates of apnoea and bradycardia expressed as events per hour

• Rates of pulmonary air leak

• Mortality

• Neurodevelopmental status at 18 to 24 months (post hoc, 2015
update)

Search methods for identification of studies

We used the criteria and standard methods of Cochrane and the
Cochrane Neonatal Review Group (see the Cochrane Neonatal
Group search strategy for specialized register).

We conducted a comprehensive search including the Cochrane
Central Register of Controlled Trials (CENTRAL; 2015, Issue 9)
in the Cochrane Library; MEDLINE via PubMed (1966 to 28
September 2015); Embase (1980 to 28 September 2015); and the
Cumulative Index to Nursing and Allied Health Literature (CINAHL;
1982 to 28 September 2015) using the following search terms:
(nasal continuous positive airway pressure OR NCPAP OR nasal
intermittent positive pressure ventilation OR NIPPV OR nasal
intermittent mandatory ventilation OR NIMV OR nasal distending
pressure OR nasal positive pressure OR nasal ventilation OR non-
invasive positive pressure ventilation OR synchronized intermittent
mandatory ventilation OR SIMV OR nasopharyngeal synchronized
intermittent mandatory ventilation OR bilevel CPAP OR BiCPAP OR
BiPAP OR SiPAP), plus database-specific limiters for randomised
controlled trials (RCTs) and neonates (see Appendix 1 for the full
search strategies used for each database). We applied no language
restrictions.

We searched clinical trials registries for ongoing and recently
completed trials (clinicaltrials.gov; the World Health Organization
International Trials Registry and Platform (www.whoint/ictrp/
search/en/) and the ISRCTN Registry).

Data collection and analysis

Three review authors (BL, PGD and HK) used standard methods of
Cochrane and the Cochrane Neonatal Review Group to assess the
methodological quality of trials.

Selection of studies

We included all randomised and quasi-randomised controlled trials
of NIPPV compared with NCPAP in ventilated preterm infants
ready for extubation. Three review authors (BL, PGD and HK)
independently reviewed results of the updated search and selected
studies for inclusion. We resolved disagreements by discussion.

Data extraction and management

Three review authors (BL, PGD and HK) independently extracted
data, compared entries and resolved diIerences by discussion.
For the 2015 update, one review author (BL) and the Cochrane
Neonatal Review Group Editor extracted data, compared entries
and resolved diIerences.

Assessment of risk of bias in included studies

Three review authors (BL, PGD and HK) independently assessed
the quality of studies using the following criteria: blinding of
randomisation, blinding of intervention, completeness of follow-
up and blinding of outcome measurement. We sought additional
information from study authors when required.

For the update, we assessed risk of bias using the criteria outlined
in the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) and presented this information in the 'Risk of bias
tables'.

We assessed the methodological quality of studies by using the
following criteria.

• Sequence generation (checking for possible selection bias):
For each included study, we categorised the method used to
generate the allocation sequence as:
* low risk (any truly random process, e.g. random number

table; computer random number generator);

* high risk (any non-random process, e.g. odd or even date of
birth; hospital or clinic record number); or

* unclear risk.

• Allocation concealment (checking for possible selection bias):
For each included study, we categorised the method used to
conceal the allocation sequence as:
* low risk (e.g. telephone or central randomisation;

consecutively numbered sealed opaque envelopes);

* high risk (open random allocation; unsealed or non-opaque
envelopes, alternation; date of birth); or

* unclear risk.

• Blinding (checking for possible performance bias): For each
included study, we categorised the methods used to blind
study participants and personnel from knowledge of which
intervention a participant received. We assessed blinding
separately for diIerent outcomes or classes of outcomes. We
categorised methods as:
* low risk for participants, personnel and outcome assessors;

* high risk for participants, personnel and outcome assessors;
or

* unclear risk for participants, personnel and outcome
assessors.

• Incomplete outcome data (checking for possible attrition
bias through withdrawals, drop-outs, protocol deviations): For
each included study and for each outcome, we described
completeness of data including attrition and exclusions from

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
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the analysis. We noted whether attrition and exclusions were
reported, numbers included in the analysis at each stage
(compared with the total number of randomised participants),
reasons for attrition or exclusion when reported and whether
missing data were balanced across groups or were related
to outcomes. When suIicient information was reported or
supplied by trial authors, we re-included missing data in the
analyses. We categorised methods as:
* low risk (less than 20% missing data);

* high risk (20% or more missing data); or

* unclear risk.

• Selective reporting bias: For each included study, we described
how we investigated the possibility of selective outcome
reporting bias and what we found. We assessed methods as:
* low risk (when it was clear that all of the study's prespecified

outcomes and all expected outcomes of interest to the review
had been reported);

* high risk (when not all of the study's prespecified outcomes
had been reported; one or more reported primary outcomes
were not prespecified; outcomes of interest were reported
incompletely and so could not be used; or study did not
include results of a key outcome that would have been
expected to have been reported); or

* unclear risk.

• Other sources of bias: For each included study, we described any
important concerns that we had about other possible sources of
bias (e.g. whether a potential source of bias was related to the
specific study design, whether the trial was stopped early owing
to some data-dependent process). We assessed whether each
study was free of other problems that could put it at risk of bias
as:
* low risk;

* high risk; or

* unclear risk.

We made explicit judgements regarding whether studies were at
high risk of bias, according to the criteria given in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011).
We assessed the likely magnitude and direction of the bias, and
whether we considered it likely to impact findings. If needed, we
planned to explore the impact of the level of bias by undertaking
sensitivity analyses (see Sensitivity analysis).

Quality of evidence

We assessed the quality of evidence for the main comparison at the
outcome level using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach (Guyatt 2011a).
This methodological approach considers evidence from RCTs as
high quality that may be downgraded on the basis of consideration
of any of five areas: design (risk of bias), consistency across studies,
directness of the evidence, precision of estimates and presence
of publication bias (Guyatt 2011a). The GRADE approach results
in an assessment of the quality of a body of evidence according
to one of the following four grades. High: We are very confident
that the true eIect lies close to that of the estimate of eIect.
Moderate: We are moderately confident in the eIect estimate: The
true eIect is likely to be close to the estimate of eIect but may be
substantially diIerent. Low: Our confidence in the eIect estimate
is limited: The true eIect may be substantially diIerent from the
estimate of eIect. Very low: We have very little confidence in the

eIect estimate: The true eIect is likely to be substantially diIerent
from the estimate of eIect (Schünemann 2013).

Review authors independently assessed the quality of the evidence
found for outcomes identified as critical or important for clinical
decision making. These outcomes included:

• Respiratory failure (defined by respiratory acidosis, increased
oxygen requirement or apnoea that was frequent or severe,
leading to additional ventilatory support during the week post
extubation);

• Endotracheal re-intubation during the week post extubation;

• Rates of CLD, defined as requirement for supplemental oxygen
at 36 weeks' postmenstrual age;

• Rates of pulmonary air leak;

• Rates of NEC, defined according to modified Bell's criteria (stage
2 to 3);

• Mortality; and

• Neurodevelopmental outcomes at 18 to 24 months.

When we considered risk of bias arising from inadequate
concealment of allocation, randomised assignment, complete
follow-up or blinded outcome assessment to reduce our
confidence in eIect estimates, we downgraded the quality of
evidence accordingly (Guyatt 2011b). We evaluated consistency
by examining similarity of point estimates, extent of overlap of
confidence intervals and statistical criteria including measurement

of heterogeneity (I2). We downgraded the quality of evidence
when large and unexplained inconsistency across study results was
present (i.e. some studies suggest important benefit and others no
eIect or harm without a clinical explanation) (Guyatt 2011d). We
assessed precision on the basis of the width of the 95% confidence
interval (CI) and calculation of the optimal information size (OIS).
If the total number of participants included in the pooled eIect
estimation was less than the number of participants generated
by a conventional sample size calculation for a single adequately
powered trial, we considered rating down for imprecision (Guyatt
2011c). When trials were conducted in populations other than the
target population, we downgraded the quality of evidence because
of indirectness (Guyatt 2011e).

We entered data (i.e. pooled estimates of eIects and corresponding
95% confidence Intervals) and explicit judgements for each of the
above aspects assessed into the Guideline Development Tool - the
so(ware used to create ‘Summary of findings’ tables (GRADEpro
2008). We explained in footnotes or comments in the ‘Summary of
findings’ table all judgements involving assessment of the study
characteristics described above.

Measures of treatment e=ect

We analysed categorical data (proportion requiring re-intubation)
using risk ratio (RR), risk diIerence (RD) and number needed to
treat for an additional beneficial outcome (NNTB) or an additional
harmful outcome (NNTH). We reported 95% confidence intervals
(CIs) on all estimates. We analysed continuous data (frequency of
apnoea) using mean diIerence (MD). We applied the fixed-eIect
model.

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
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Assessment of heterogeneity

We examined heterogeneity between trials by inspecting forest
plots and quantifying the impact of heterogeneity using

the I2 statistic. If noted, we planned to explore possible
causes of statistical heterogeneity by performing prespecified
subgroup analyses (e.g. diIerences in study quality, participants,
intervention regimens or outcome assessments).

Data synthesis

We used the Mantel-Haenszel method for estimates of typical
RR and RD. We analysed continuous outcomes using the inverse
variance method. We applied the fixed-eIect model for all meta-
analyses.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses using the same methods
to determine whether responses diIered according to methods
of NIPPV delivery and whether or not methylxanthines were used
concurrently. We planned subgroup analyses on the basis of

characteristics of participants, including birth weight (e.g. infants
weighing less than 1000 grams) and corrected age at the time of
intervention (e.g. infants less than 28 weeks' gestation).

Sensitivity analysis

We planned sensitivity analyses for situations for which this might
aIect interpretation of significant results (e.g. when risk of bias
was associated with the quality of some included trials or missing
outcome data). We judged none to be necessary in this review.

R E S U L T S

Description of studies

Included studies

We identified ten trials that met the inclusion criteria of this review
(1431 infants) (Figure 1) (Barrington 2001; Friedlich 1999; Gao
2010; Jasani 2016; Kahramaner 2014; Khalaf 2001; Khorana 2008;
Kirpalani 2013; Moretti 2008; O'Brien 2012). We provided details in
the Characteristics of included studies table.
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Figure 1.   Study flow diagram: review update.
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Figure 1.   (Continued)

 
Inclusion criteria varied somewhat between trials; seven trials
enrolled very low birth weight (VLBW) infants (i.e. infants at
moderate risk of requiring endotracheal re-intubation), one trial
exclusively enrolled extremely low birth weight infants (ELBW) and
two trials enrolled premature infants at less than 35 or 36 weeks'
gestation. In six trials, use of methylxanthines was mandatory
(Barrington 2001; Jasani 2016; Kahramaner 2014; Khalaf 2001;
Khorana 2008; Moretti 2008), and in three other trials, it was
extensively prescribed (Friedlich 1999; Kirpalani 2013; O'Brien
2012). Infants were extubated from generally low levels of ventilator
support (ventilator rates less than 25 breaths per minute and
oxygen concentrations less than 40%). DiIerences in settings
between studies were small. An interesting variation in ventilatory
strategies was noted between centres, in spite of little variation
in enrolment criteria. Barrington 2001, Gao 2010, Jasani 2016,
Kahramaner 2014, Khalaf 2001, Moretti 2008 and O'Brien 2012
extubated infants at a median age of less than one week, whereas
Friedlich 1999 and Khorana 2008 extubated infants later (median
age of 18.5 days and 21 days in the two groups in Friedlich 1999;
mean age of 12.9 days and 6.9 days in the two groups in Khorana
2008).

Five trials synchronised NIPPV delivery; three trials used the Infant
Star ventilator with Star Synch abdominal capsule (Barrington
2001; Friedlich 1999; Khalaf 2001), and two used more recent
ventilators (Gao 2010; Moretti 2008). One trial used bilevel devices
(SiPAP) to deliver non-synchronised intermittent positive pressure
ventilation (O'Brien 2012), two trials used ventilators to deliver
non-synchronised NIPPV (Jasani 2016; Kahramaner 2014) and
another permitted use of ventilator-driven NIPPV (synchronised or
not) or bilevel devices (synchronised or not) (Kirpalani 2013).

Ventilator settings applied a(er extubation varied between studies.
Intermittent mechanical ventilation rates varied between 10 per
minute and 40 per minute, and PIP from that used before
extubation to 2 cmH2O to 4 cmH2O above that used before

extubation. Levels used in NCPAP groups also varied between
studies (between 3 cmH2O and 8 cmH2O). No attempt was made

to match NIPPV and NCPAP groups with respect to mean airway
pressure delivered. DiIerent prongs were used to deliver NCPAP
and NIPPV; three studies used nasopharyngeal prongs (single or
binasal) (Friedlich 1999; Kahramaner 2014; Khorana 2008), and

the others used short nasal prongs. Barrington 2001, Jasani 2016,
Khalaf 2001 and Moretti 2008 assessed the primary outcome
(respiratory failure) over 72 hours post extubation, Friedlich 1999
and Kahramaner 2014 over 48 hours and Khorana 2008, Kirpalani
2013 and O'Brien 2012 over seven days. The assessment period was
unclear in Gao 2010.

Three studies (Barrington 2001; Friedlich 1999; Khalaf 2001)
permitted rescue NIPPV for infants not responding to NCPAP but
analysed the primary outcome on an intention-to-treat basis.
Criteria for oIering rescue treatment varied; some trials proposed
more stringent guidelines for extubation, and duration of follow-up
to endpoints for re-intubation diIered from 48 hours to discharge
from the neonatal intensive care unit. Therefore, the term 'need
for endotracheal re-intubation', although available for each of the
trials, assumed a clinically diIerent meaning for each.

Excluded studies

We excluded 14 studies (see Characteristics of excluded studies
table) for the following reasons.

• Enrolled non-intubated or very shortly intubated (< 6 hours)
infants with respiratory distress (Bhandari 2007; Bisceglia 2007;
Kishore 2009; Kugelman 2007; Meneses 2011; Ramanathan
2012).

• Enrolled infants with apnoea of prematurity (Lin 1998;
Pantalitschka 2009; Ryan 1989).

• Compared NIPPV versus oxygen via head box a(er extubation
(Kumar 2011).

• Was not listed on Clinicaltrials.gov (DeSimone 2010).

• Included term infants and infants with respiratory distress and
post extubation (Shi 2010).

• Reported none of the clinical outcomes listed in the inclusion
criteria of this review (Ali 2007; Moretti 1999).

Ongoing studies and studies awaiting clarification include El-
Farash 2013, Estay 2013, Shi 2013, Silveira 2015 and Victor 2011.

Risk of bias in included studies

We assessed methodological quality using the criteria of the
Cochrane Neonatal Review Group (Figure 2).
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Figure 2.   Risk of bias summary: review authors' judgements about each risk of bias item for each included study.

 
• Random sequence generation: Eight of the included trials

met this criterion. This was unclear in two trials (Gao 2010;
Kahramaner 2014).

• Allocation concealment: This was adequate in eight trials and
unclear in two (Gao 2010; Khorana 2008).

• Blinding of participants and personnel: No study attempted to
blind participants and personnel.

• Blinding of outcome assessments: No study attempted this.

• Incomplete outcome data: Risk was low in eight trials and
unclear in two (Gao 2010; Kahramaner 2014).

• Selective reporting: Five trials did not have clearly specified
outcomes (Barrington 2001; Friedlich 1999; Gao 2010;
Kahramaner 2014; Khalaf 2001).

• Other sources of bias: We found no major sources of other bias
in the included trials.

E=ects of interventions

See: Summary of findings for the main comparison NIPPV versus
NCPAP

Discussion between review authors resulted in no disagreement
regarding quality assessment and data extraction from the ten
identified trials.

Nasal intermittent positive pressure ventilation versus nasal
continuous positive airway pressure to prevent extubation
failure

Primary outcome

Respiratory failure post extubation (outcomes 1.1, 1.2 and 1.3)

Six of the ten trials showed statistically significant benefit in terms
of respiratory failure 48 hours to seven days post extubation
for infants extubated to NIPPV: typical risk ratio (RR) 0.70, 95%
confidence interval (CI) 0.60 to 0.80; typical risk diIerence (RD)
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-0.13, 95% CI -0.17 to -0.08, with eight infants (95% CI 6 to 13)
needing to be treated with NIPPV to prevent one extubation
failure (Analysis 1.1). Only one study followed the number of re-
intubations to discharge (Kirpalani 2013) and found no diIerences
between groups. We graded the quality of evidence for this
outcome as moderate (unblinded intervention).

Seven trials used short binasal prongs (Barrington 2001; Gao 2010;
Jasani 2016; Khalaf 2001; Kirpalani 2013; Moretti 2008; O'Brien
2012), two used bi-nasopharyngeal prongs (Friedlich 1999; Khorana
2008) and one used a shortened endotracheal tube in one nostril
(Kahramaner 2014). Both prongs and tube were eIective (post hoc
analysis).

Owing to methodological limitations (risk of selection bias) in three
studies (Gao 2010; Kahramaner 2014; Khorana 2008), we performed
a post hoc analysis for the outcome respiratory failure post
extubation, including only higher-quality studies in the analysis
(Analysis 1.3). Results were largely unchanged: typical RR 0.73, 95%
CI 0.63 to 0.85; typical RD -0.11, 95% CI -0.16 to -0.06.

Secondary outcomes

Endotracheal re-intubation (outcome 1.2)

Not all NCPAP infants reaching extubation failure criteria were re-
intubated, because a varying proportion of infants in each trial were
oIered rescue therapy with NIPPV. The pooled estimate of rates of
endotracheal re-intubation favoured NIPPV (typical RR 0.76, 95% CI
0.65 to 0.88; typical RD -0.10, 95% CI -0.15 to -0.05; number needed
to treat for an additional beneficial outcome (NNTB) 10, 95% CI 7 to
20; Analysis 1.2). We graded the quality of evidence for this outcome
as moderate (unblinded intervention).

Gastrointestinal side e=ects (outcomes 2.1, 2.2 and 2.3)

Friedlich 1999, Barrington 2001 and Jasani 2016 reported rates
of feeding cessation, and Khalaf 2001 provided unpublished data
for this outcome. Other studies reported feeding intolerance.
Investigators reported no significant diIerences between groups
(typical RR 1.27, 95% CI 0.64 to 2.53; typical RD 0.03, 95% CI
-0.06 to 0.12; Analysis 2.1). We graded the quality of evidence for
this outcome as low (unblinded intervention and imprecision of
results).

Results showed no significant diIerences between groups in the
incidence of gastrointestinal perforation (typical RR 0.94, 95% CI
0.60 to 1.48; Analysis 2.2). Six trials reported rates of NEC (Friedlich
1999; Kahramaner 2014; Khorana 2008; Kirpalani 2013; Moretti
2008; O'Brien 2012) and revealed no diIerences between groups
(typical RR 0.87, 95% CI 0.64 to 1.19; Analysis 2.3). We graded the
quality of evidence for these outcomes as moderate (unblinded
intervention).

Pulmonary outcomes (outcomes 3.1, 3.2 and 3.3)

Six trials reported oxygen need at 36 weeks' corrected gestational
age (Barrington 2001; Jasani 2016; Khalaf 2001; Kirpalani 2013;
Moretti 2008; O'Brien 2012). Infants randomised to NIPPV did
not have significantly lower rates of CLD compared with infants
randomised to NCPAP (typical RR 0.94, 95% CI 0.80 to 1.10; typical
RD -0.02, 95% CI -0.08 to 0.03; Analysis 3.1). We graded the quality
of evidence for this outcome as moderate (unblinded intervention).

Heterogeneity between trials was also moderate (I2= 51%).

In view of new trials added to the review since its first publication,
we added the outcome of air leaks to the review. Six trials reported
this outcome (Gao 2010; Jasani 2016; Kahramaner 2014; Kirpalani
2013; Moretti 2008; O'Brien 2012) and described reduced air leaks
among infants randomised to NIPPV (typical RR 0.48, 95% CI 0.28 to
0.82; typical RD -0.03, 95% CI -0.05 to -0.01; NNTB 33, 95% CI 20 to
100; Analysis 3.2). We rated the quality of evidence for this outcome
as moderate (unblinded intervention).

Mortality (outcome 4.1)

Six trials (1237 infants) reported mortality (Jasani 2016;
Kahramaner 2014; Khorana 2008; Kirpalani 2013; Moretti 2008;
O'Brien 2012). Khorana 2008 reported no deaths, and meta-analysis
revealed a small diIerence between treatment groups (typical RR
0.69, 95% CI 0.48 to 0.99; typical RD -0.03, 95% CI -0.06 to 0.00;
Analysis 4.1). We graded evidence for this outcome as moderate
(unblinded intervention).

Duration of hospitalisation (outcome 5.1)

Meta-analysis of the four studies that reported this outcome
showed that duration of hospitalisation was longer in infants who
were randomised to NIPPV (Analysis 5.1). However, these results
should be viewed with caution because liberal use of rescue
NIPPV for infants not responding to NCPAP within the first days of
extubation makes a diIerence, and longer-term outcomes, should
they exist, are more diIicult to establish. We graded the quality
of evidence for this outcome as low (unblinded intervention and
imprecision of results).

Rates of apnoea (outcome 6.1)

Barrington 2001 used continuous multi-channel recording to detect
apnoeic events and noted a trend towards fewer apnoeic episodes
per day in the NIPPV group, which did not reach statistical
significance (mean diIerence (MD) -3.10, 95% CI -7.92 to 1.72;
Analysis 6.1).

Subgroup analyses

We planned to perform subgroup analyses to determine whether
responses diIered according to the modality used to deliver NIPPV
(synchronised or not, bilevel devices or NIPPV provided by a
ventilator).

Synchronised versus non-synchronised NIPPV

Five studies used synchronised NIPPV (Barrington 2001; Friedlich
1999; Gao 2010; Khalaf 2001; Moretti 2008), and four did not (Jasani
2016; Kahramaner 2014; Khorana 2008; O'Brien 2012); one study
did not prescribe use of either synchronised or non-synchronised
NIPPV (Kirpalani 2013). Both synchronised (typical RR 0.25, 95%
CI 0.15 to 0.41) and non-synchronised studies (typical RR 0.65,
95% CI 0.46 to 0.93) showed overall benefit, and the trial using
both methods (typical RR 0.86, 95% CI 0.72 to 1.01) showed no
benefit of NIPPV for preventing extubation failure (Analysis 7.1).
Heterogeneity was high in this subgroup analysis.

When CLD was examined by method of delivery of NIPPV,
synchronised NIPPV was associated with a reduction in CLD in three
trials (181 infants) that could be pooled for this analysis (typical
RR 0.64, 95% CI 0.44 to 0.95; typical RD -0.15, 95% CI -0.28 to 0.02;
Analysis 7.6). Air leaks were also reduced in the two trials that used
synchronised NIPPV and reported this outcome (typical RR 0.35,
95% CI 0.14 to 0.90; Analysis 7.7).
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NIPPV provided by a ventilator versus bilevel devices

Eight trials used NIPPV delivered via a ventilator, one used bilevel
devices (O'Brien 2012) and another used both a ventilator and
bilevel devices (Kirpalani 2013). Six of the eight trials using a
ventilator to generate NIPPV showed benefit of NIPPV in preventing
respiratory failure post extubation (typical RR 0.32, 95% CI 0.22 to
0.47); the two trials that used bilevel (typical RR 0.78, 95% CI 0.50
to 1.21) or both ventilator and bilevel (typical RR 0.86, 95% CI 0.72
to 1.01) showed no benefit (Analysis 8.1). Heterogeneity was high in
this subgroup analysis.

When CLD was examined by device delivering NIPPV, NIPPV
delivered by a ventilator was associated with a reduction in CLD
in the five trials (298 infants) that could be pooled for this analysis
(typical RR 0.69, 95% CI 0.50 to 0.95; typical RD -0.12, 95% CI -0.22 to
-0.02; Analysis 8.6). Air leaks were also reduced in the four trials that
reported this outcome (typical RR 0.35, 95% CI 0.16 to 0.79; Analysis
8.7).

We had planned to perform subgroup analysis to determine
whether use of methylxanthines alters response. Almost all
infants received methylxanthines before extubation, so we did not
perform the planned subgroup analysis. We could not perform
planned subgroup analyses based on birth weight and age at
randomisation, as trial authors did not present data in ways that
would allow us to ascertain this information.

D I S C U S S I O N

Meta-analysis performed for this updated review showed a strong
eIect of non-invasive positive pressure ventilation (NIPPV) on
extubation failure but no overall eIect on chronic lung disease
(CLD). Asymmetrical funnel plots for the primary outcome suggest
possible small study bias. When outcomes were examined by
subgroups, synchronised NIPPV and NIPPV delivered by a ventilator
demonstrated short-term benefit for extubation failure and long-
term pulmonary eIects for CLD and pulmonary air leaks. These
subgroup analyses included a smaller number of infants and high
heterogeneity; thus results should be interpreted with caution.
Individual neonatal intensive care units may interpret these results
diIerently.

Most trials included in this review were small, single-centre
studies, and some used devices no longer available on the
market. Additional data from one large pragmatic study increased
heterogeneity in the meta-analysis, likely as the result of broader
inclusion criteria, multi-centre status and examination of many
devices providing NIPPV. Generalisation of these results to many
currently available devices may not be appropriate.

Six of the ten trials identified in this review had no major
methodological limitations. Three trials had potential selection

bias (Gao 2010; Kahramaner 2014; Khorana 2008), and one was
terminated early owing to enrolment diIiculties (O'Brien 2012).
Because of the nature of the interventions, it has been impossible
to blind carers, and bias may have arisen through uneven use of
co-interventions. Investigators dealt with potential confounders,
such as methylxanthine usage and weaning strategies, by having
management protocols in place; use of objective failure criteria in
these extubation trials enhances our confidence in their findings.

Provision of synchronised NIPPV requires a ventilator capable
of delivering this mode of support. Few such ventilators are
available on the market. Further research should define whether
this modality is definitely superior to non-synchronised NIPPV, and
which type of synchronisation is optimal. Similarly, the eIect of
bilevel or bilevel positive airway pressure devices deserves more
study. In preparing this review, we could not determine benefits
for a subgroup of infants (smaller and more immature). A newly
available method (neurally adjusted ventilatory assist, or NAVA)
has shown promise in small case series (Lee 2015; Stein 2012), but
further assessment is needed.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

Use of nasal intermittent positive pressure ventilation (NIPPV) and
nasal continuous positive airway pressure (NCPAP) a(er extubation
reduces the incidence of extubation failure within 48 hours to
seven days. Studies using synchronised NIPPV and delivering NIPPV
to infants by a ventilator observed benefits more consistently.
Investigators noted no overall reduction in chronic lung disease
among infants randomised to NIPPV and reported a reassuring
absence of the gastrointestinal side eIects that had been reported
in previous case series.

Implications for research

Future trials should enrol suIicient infants to detect diIerences
in important outcomes such as death or chronic lung disease
and should compare diIerent categories of devices. These trials
should establish the impact of synchronisation of NIPPV on safety
and eIicacy of the technique as well as the best combination of
settings for NIPPV (rate, peak pressure and positive end expiratory
pressure).
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Characteristics of included studies [ordered by study ID]

 

Methods Randomised controlled trial comparing effects of synchronised NIPPV vs NCPAP in preterm infants af-
ter extubation

Participants Infants with birth weight < 1250 grams (mean 831 ± 193 grams), < 6 weeks of age (mean 7.6 ± 9.7 days),
requiring < 35% O2 and < 18 breaths/min on SIMV. All infants were loaded with aminophylline before ex-

tubation.

Interventions Experimental group: synchronised NIPPV = nSIMV; ventilator rate 12 breaths/min and PIP 16 cmH2O,

PEEP 6 cmH2O, PIP increased to achieve measured pressure ≥ 12 cmH2O. Graseby capsule, Infant Star

ventilator and Hudson nasal prongs were used.
Control group: NCPAP 6 cmH2O

Outcomes Primary: failure of extubation by 72 hours because pCO2 > 70 mmHg, oxygen requirement > 70% or ap-

noea was severe or recurrent (defined)
Secondary: rates of re-intubation, abdominal distension, feeding intolerance and CLD

Notes Power calculation performed
54 infants enrolled - 27 in each group
Most infants not responding to NCPAP were tried on NIPPV before re-intubation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Table of random numbers

Allocation concealment
(selection bias)

Low risk Adequate: sequentially numbered sealed opaque envelopes

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants accounted for

Selective reporting (re-
porting bias)

Unclear risk Secondary outcomes not listed

Barrington 2001 

 
 

Methods Randomised controlled trial comparing effects of synchronised NIPPV vs NCPAP in preterm infants af-
ter extubation

Friedlich 1999 
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Participants Infants with birth weight 500 to 1500 grams (mean 963 ± 57 grams in experimental group and 944 ± 43
grams in control group) considered ready for extubation (SIMV rate < 12 breaths/min, peak pressure <
23 cmH2O, end expiratory pressure < 6 cmH2O, oxygen requirement < 40%. Aminophylline not mandat-

ed but given to about 85% of infants. Extubated at 26.3 ± 6.1 days of life in experimental group and at
19.9 ± 3.8 days of life in control group
Excluded were infants with sepsis, NEC, symptomatic PDA, congenital anomalies.

Interventions Experimental group: nasopharyngeal 3-Fr gauge tube, Infant Star ventilator, synchronised NIPPV =
nSIMV with rate of 10 breaths/min, PIP = that before extubation, PEEP 4-6 cmH2O, IT 0.6 seconds

Control group: nasopharyngeal CPAP to desired level of attending

Outcomes Primary: failure of extubation by 48 hours because pH < 7.25, pCO2 increased by 25%, oxygen require-

ment > 60%, SIMV rate > 20 (in NIPPV group), PIP > 26 cmH2O or PEEP > 8 cmH2O in NIPPV group, or ap-

noea requiring bag and mask ventilation
Secondary: endotracheal re-intubation, abdominal distension, perforation or NEC, feeding delay (not
defined) and nasal bleeding

Notes Power calculation performed. Study was closed early after interim analysis (stopping rule not speci-
fied).
41 infants were enrolled: 22 in NIPPV group and 19 in NCPAP group.
Most infants not responding to NCPAP were tried on NIPPV before re-intubation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Unspecified

Allocation concealment
(selection bias)

Low risk Adequate: sealed randomisation cards

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All accounted for

Selective reporting (re-
porting bias)

Unclear risk No outcomes listed, only objectives for the study

Friedlich 1999  (Continued)

 
 

Methods Randomised controlled trial comparing effects of synchronised NIPPV vs NCPAP in preterm infants af-
ter extubation

Participants Infants at gestational age < 36 weeks (mean 32.3 ± 1.6 weeks in experimental group and 32.6 ± 1.4
weeks in control group) with birth weight < 2000 grams (mean 1264 ± 153 grams in experimental group
and 1246 ± 161 grams in control group) with RDS after surfactant

Gao 2010 

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
a er extubation (Review)

Copyright © 2017 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

19



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Excluded were infants with severe abnormalities, not specified.

Interventions Experimental group: synchronised NIPPV via different devices (NEWPORT 150 and 200; Teama;
Stephan; Millennium). Rate 40 breaths/min, PIP 20 cmH2O, PEEP 5 cmH2O

Control group: NCPAP via Infant Flow Driver (EME); CPAP 4 to 8 cmH2O

Outcomes Failed extubation, defined as pCO2 > 70 mmHg or FiO2 > 0.6 to maintain SaO2 > 88% or mean pressure >

8 cmH2O (in NIPPV group) or severe apnoea (in NCPAP group), defined as > 6 episodes in 24 hours or > 2

episodes requiring PPV. Air leak, hypercapnia, hypoxia

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk No study flow diagram; unclear if exclusions; English translation imprecise and
unclear

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk No flow diagram

Selective reporting (re-
porting bias)

Unclear risk No outcomes listed

Gao 2010  (Continued)

 
 

Methods Randomised controlled trial comparing effects of non-synchronised NIPPV vs NCPAP in preterm infants
after extubation

Participants Preterm infants ≤ 1500 grams at birth (mean 1187 grams at 30.8 weeks in the intervention group; mean
1153 grams at 30.6 weeks in the control group)

Excluded were infants with suspected upper airway obstruction, airway anomaly, major cardiopul-
monary malformation.

Interventions Experimental group: NIPPV provided by Bear Cub ventilator, non-synchronised. Rate same as pre-extu-
bation, PIP 4 over pre-extubation settings, PEEP ≤ 5

Control group: CPAP 5 to 6 cmH2O via Bear Cub or Viasys Infant Flow CPAP

Jasani 2016 
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Outcomes Failed extubation within 72 hours, defined as meeting 1 or more of the following: pH < 7.26 and pCO2

> 59 mmHg; recurrent apnoea (> 2 episodes per hour); 1 apnoea needing PPV or paO2 < 51 mmHg with

FiO2 > .59

Secondary outcomes: duration of non-invasive ventilation, total duration of ventilation, days on oxy-
gen, air leaks, BPD, PDA, IVH grade 3-4, NEC, ROP ≥ grade 3, length of stay, mortality, GI perforation

Notes  

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation software

Allocation concealment
(selection bias)

Low risk Opaque sealed envelopes

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Intervention could not be blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Despite criteria to define extubation failure, intervention was not blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants accounted for

Selective reporting (re-
porting bias)

Low risk  

Jasani 2016  (Continued)

 
 

Methods Randomised controlled trial comparing effects of non-synchronised nasal intermittent positive pres-
sure ventilation vs continuous positive airway pressure in preterm infants after extubation

Participants A total of 67 premature infants at < 35 weeks' gestation with birth weight < 2000 grams receiving me-
chanical ventilation because of respiratory distress syndrome (RDS)

Interventions Intervention group: non-synchronised nasal NIPPV with shortened endotracheal tube via Babylog 8000.
Rate 25, PIP 2 cmH2O above pre-extubation setting, PEEP 6 cmH2O. Control group: NCPAP 6 cmH2O

with binasal prongs via Sindi driver

Outcomes Extubation failure at 48 hours, defined as pH < 7.25 and pCO2 > 60 or severe or frequent apnoea, or FiO2

> 60% to keep SaO2 88% to 93% or frequent desaturations not responding to increasing settings

Secondary outcomes: air leak, death, NEC, IVH, severe IVH, ROP, sepsis, nasal injury, BPD

Notes Outcomes not specified in the Methods section. No sample size calculation

Risk of bias

Kahramaner 2014 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified in the text

Allocation concealment
(selection bias)

Low risk Sealed envelopes

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

High risk No flow diagram. No sample size calculation

Selective reporting (re-
porting bias)

Unclear risk No outcomes specified in the Methods section

Kahramaner 2014  (Continued)

 
 

Methods Randomised controlled trial comparing effects of synchronised NIPPV vs NCPAP in preterm infants af-
ter extubation

Participants Infants at gestational age < 34 weeks with RDS ventilated by endotracheal tube. Mean birth weight 1088
grams in experimental group and 1032 grams in control group with mean gestational age 28 weeks.
Ventilator settings PIP ≤ 16 cmH2O, PEEP ≤ 5 cmH2O, ventilator rate 15 to 25 breaths/min and O2 < 35%.

All had a therapeutic blood level of aminophylline and hematocrit > 40%.

Interventions Experimental group: synchronised NIPPV via Argyle prongs, Infant Star ventilator at PEEP ≤ 5 cmH2O,

with ventilator rate 15 to 25 breaths/min and PIP set at 2 to 4 cmH2O above that used pre-extubation.

Gas flow set at 8 to 10 L/min in both groups
Control group: NCPAP delivered by Argyle prongs from a Bear Cub or Infant Star ventilator at 4 to 6
cmH2O

Outcomes Primary: failure of extubation by 72 hours because pH < 7.25 or pCO2 > 60 mmHg, single episode of se-

vere apnoea requiring bag and mask ventilation or frequent apnoea or desaturations (defined)
Secondary: included CLD defined as supplemental O2 requirement at 36 weeks' corrected age, days of

ventilation and hospitalisation. Data on rates of feeding intolerance provided by study authors

Notes Power calculation was performed. 64 infants were enrolled: 34 in NIPPV group and 30 in NCPAP group.
2 infants not responding to NCPAP were tried on NIPPV (successfully) before re-intubation.
For the outcome "abdominal distension causing cessation of feeds", denominators were number of
infants offered enteral feeds during the 72-hour study period, i.e. 21 in NIPPV group and 20 in NCPAP
group.

Risk of bias

Bias Authors' judgement Support for judgement

Khalaf 2001 
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Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Low risk Adequate: sealed randomisation cards

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants accounted for

Selective reporting (re-
porting bias)

Unclear risk No outcomes stated besides objectives

Khalaf 2001  (Continued)

 
 

Methods Randomised controlled trial comparing effects of non-synchronised NIPPV vs NCPAP in preterm infants
after extubation

Participants Infants ≤ 34 weeks (mean 28 ± 2.6 weeks and 29 ± 2.1 weeks) or birth weight ≤ 1500 grams (mean 984
± 218 grams and 1185 ± 219 grams) considered ready for extubation (SIMV rate ≤ 15 breaths/min, peak
pressure ≤ 15 cmH2O, end expiratory pressure < 6 cmH2O, O2 requirement < 41%. Aminophylline pre-

extubation. Extubated at 12.9 ± 9.9 days of life in experimental group and at 6.9 ± 6.0 days of life in con-
trol group
Excluded were infants with major congenital malformations, cle( lip or palate, symptomatic PDA, NEC,
sepsis, IVH grade 3-4.

Interventions Experimental group: non-synchronised NIPPV via bi-nasopharyngeal prongs on Bear 750 ventilator;
same settings as pre-extubation on the ventilator

Control group: NCPAP delivered by bi-nasopharyngeal prongs from a Bear 750 ventilator; CPAP level
same as pre-extubation level

Aminophylline load before extubation

Outcomes Primary: re-intubation or failure of extubation within 1 week because of:

• pH ≤ 7.25 or pCO2 ≥ 60 mmHg or pCO2 ≥ 25% higher than pre-extubation or FiO2 ≥ 0.6 for SaO2 92 to

95%; or

• increased settings: intermittent mandatory ventilation rate ≥ 20, PIP ≥ 20 cmH2O, mean airway pres-

sure ≥ 8 cmH2O; or

• single episode of severe apnoea requiring bag and mask ventilation; or

• need for re-intubation as deemed necessary

Secondary: respiratory failure, death, abdominal distension, NEC, gastrointestinal perforation, apnoea,
atelectasis and sepsis

Khorana 2008 
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Notes Imbalance between groups at randomisation (NIPPV group: lower birth weight, fewer boys, higher an-
tenatal steroids)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Unclear risk Method of allocation concealment not specified

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk All participants accounted for

Selective reporting (re-
porting bias)

Low risk All specified secondary outcomes were reported.

Khorana 2008  (Continued)

 
 

Methods Randomised multi-centre controlled trial comparing effects of NIPPV vs NCPAP in preterm infants after
extubation

Participants Infants with birth weight < 1000 grams at < 30 weeks

2 subgroups: intubated for > 24 hours and < 28 days at extubation; intubated < 24 hours or never intu-
bated. Infants never intubated were not included in this review.

Criteria for extubation and for re-intubation were provided.

Interventions NIPPV (any device) vs NCPAP; guidelines provided for both

Outcomes Death or moderate to severe BPD according to physiological definition

Notes 2 subgroups of infants; only subgroup intubated for at least 24 hours and extubated before 28 days in-
cluded in this review

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Web-based randomisation

Kirpalani 2013 
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Allocation concealment
(selection bias)

Low risk Randomisation immediately pre-extubation

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Flow diagram in full study

Selective reporting (re-
porting bias)

Low risk  

Kirpalani 2013  (Continued)

 
 

Methods Randomised controlled trial comparing effects of synchronised NIPPV vs NCPAP in preterm infants af-
ter extubation

Participants Infants with birth weight < 1251 grams (mean 908 ± 192 grams in experimental group and 957 ± 213
grams in control group) with RDS requiring ventilation within first 48 hours of life and who met crite-
ria for extubation by day 14 of life. Criteria for extubation: stable or improving clinical condition; re-
ceiving assist/control or proportional assist ventilation; low ventilatory setting (FiO2 ≤ 0.35, PIP ≤ 15

cmH2O and ventilator rate ≤ 15 breaths/min or elastance < 1 to maintain pCO2 ≤ 60 mmHg); no clini-

cal or haematological sign of infection; haemoglobin ≥ 10.0 grams/dL Extubated at a median of 4 days
(range 1 to 14) and 6 days (range 1 to 14)
Excluded were infants with IVH grade 3 to 4, gastrointestinal surgery, congenital malformation and car-
diovascular and neuromuscular abnormalities.

Interventions Experimental group: synchronised NIPPV via short nasal prongs on Giulia ventilator; same settings
as pre-extubation on the ventilator. PEEP 3 to 5 cmH2O, PIP titrated according to infant from 10 to 20

cmH2O, flow rate 6 to 10 L/min

Control group: NCPAP delivered by short nasal prongs from a Giulia ventilator; CPAP level 3 to 5
cmH2O; flow rate 6 to 10 L/min

Caffeine load before extubation

Outcomes Primary: need for re-intubation within 72 hours because of:

• persistent severe acidosis (arterial pH < 7.2 with pCO2 > 70 mmHg); or

• severe recurrent apnoeic episodes not responding to increased ventilatory settings and then requiring
bag ventilation; or

• hypoxaemia (SaO2 < 90% or pO2 < 60 mmHg with FiO2 consistently ≥ 0.70)

Secondary: number of days on endotracheal mechanical ventilation, number of days on O2, CLD (O2 at

36 weeks with abnormal chest x-ray), duration of hospital stay, air leaks, ROP, sepsis, feeding intoler-
ance (presence of 4-hour gastric aspirate > 25% of feed volume or containing bile)

Notes  

Moretti 2008 
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Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Not specified

Allocation concealment
(selection bias)

Low risk Sealed opaque envelopes to conceal allocation

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk No flow diagram

Selective reporting (re-
porting bias)

Low risk All outcomes accounted for

Moretti 2008  (Continued)

 
 

Methods Randomised controlled trial comparing effects of non-synchronised NIPPV delivered by a bilevel device
vs NCPAP in preterm infants after extubation

Participants Infants with birth weight < 1251 grams (mean 901 ̃± 200 grams in experimental group and 896 ± 156
grams in control group) who were intubated at birth for RDS (some were prophylactically intubated to
received surfactant) and who met criteria for extubation (no time limit)

Criteria for extubation: ventilator rate < 20 breaths/min, PIP ≥ 16 cmH2O and FiO2 ≥ .35. If on high-fre-

quency oscillatory ventilation: frequency of 9 to 13 Hz, amplitude < 20%, MAP ≤ 8 and FiO2 ≤ 35%. Extu-

bated at a median of 3 days (range 1 to 67) in experimental group and 3 days (range 1 to 62) in control
group. All received caffeine during first week of life. Unclear if load pre-extubation
Excluded were infants with congenital anomalies of the upper airway, acquired nasal septum injury
and major congenital or chromosomal abnormalities.

Interventions Experimental group: NIPPV with SiPAP bilevel device, non-synchronised. Ventilator rate 20 breaths/
min, IT 1.0 second. Predefined upper and lower CPAP based on FiO2: 8 over 5 for FiO2 < 30%; 9 over 6 for

FiO2 30% to 50%; and 10 over 7 for FiO2 > 50%

Control group: CPAP with SiPAP. Level of CPAP predefined on the basis of FiO2: 5 cmH2O if FiO2 < .30; 6

mH2O if FiO2 .30 to .50; and 7 mH2O if FiO2 > .50

Outcomes Primary: sustained extubation for 7 days. Re-intubation criteria: severe apnoea (needing PPV), ≥ 4 ap-
noeic episodes per hour needing moderate stimulation, O2 > 60%, uncompensated respiratory acido-

sis (pH < 7.25). Re-intubation also allowed at clinician discretion for other reasons (concerns regarding
sepsis)

Secondary: adverse events (nasal septal injury or erythema, eyelid oedema, abdominal distension,
feeding intolerance, pneumothorax). Feeding intolerance = aspirates ≥ 30% of a feed. Abdominal dis-

O'Brien 2012 
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tension ≥ 10% increase in girth. Also: BPD, PDA treated, NEC, IVH 3 to 4, periventricular leukomalacia,
ROP

Notes Study authors overestimated successful extubations in their control group. Recruitment was stopped
at half the sample size, as clinical practice had changed and babies were no longer being intubated
prophylactically.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated random list

Allocation concealment
(selection bias)

Low risk Sealed opaque envelopes

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

High risk Unblinded intervention

Blinding of outcome as-
sessment (detection bias) 
All outcomes

High risk Unblinded intervention

Incomplete outcome data
(attrition bias) 
All outcomes

Low risk Flow diagram attached

Selective reporting (re-
porting bias)

Low risk All outcomes accounted for and reported

O'Brien 2012  (Continued)

BPD: bronchopulmonary dysplasia; CLD: chronic lung disease; CPAP: continuous positive airway pressure; FiO2: fraction of inspired oxygen;

IT: inspiratory time; IVH: intraventricular haemorrhage; NCPAP: nasal continuous positive airway pressure; NEC: necrotising enterocolitis;
NIPPV: nasal intermittent positive pressure ventilation; nSIMV: nasal synchronised intermittent mechanical ventilation; pO2: partial

pressure of oxygen; pCO2: partial pressure of carbon dioxide; PDA: patent ductus arteriosus; PEEP: positive end expiratory pressure; PIP:

peak inspiratory pressure; PPV: positive pressure ventilation; RDS: respiratory distress syndrome; ROP: retinopathy of prematurity; SaO2:

oxygen saturation measured by blood analysis; SIMV: synchronised intermittent mechanical ventilation; SiPAP: synchronised inspiratory
positive airway pressure.
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Ali 2007 Study compared a form of NIPPV (non-invasive pressure support ventilation) vs NCPAP in a ran-
domised cross-over study. Investigators compared short-term physiological outcomes (tidal vol-
ume, breathing effort, etc.). We excluded this study because investigators reported none of the
clinical outcomes listed in the inclusion criteria for this review.

Bhandari 2007 Randomised trial of NIPPV vs conventional ventilation for management of RDS (i.e. different groups
compared for a different indication). Timing of extubation was different between groups.

Bisceglia 2007 Randomised trial of NIPPV vs NCPAP for moderate RDS (i.e. different inclusion criteria)
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Study Reason for exclusion

DeSimone 2010 Extubation criteria were different for NIPPV and NCPAP groups, whereas infants randomised to
NIPPV were extubated from higher ventilator settings.

Kishore 2009 Infants were enrolled early during acute respiratory illness. Intervention was aimed at treating RDS,
not upon extubation.

Kugelman 2007 Infants were enrolled early during acute respiratory illness. Intervention was aimed at treating RDS,
not upon extubation.

Kumar 2011 RCT evaluating the role of unsynchronised NIPPV vs head box oxygen for prevention of extubation
failure in mechanically ventilated preterm neonates weighing less than 2000 grams

Lin 1998 Infants enrolled had apnoea of prematurity; NIPPV or NCPAP was used for treatment.

Meneses 2011 Infants were enrolled early during acute respiratory illness. Intervention was aimed at treating RDS,
not upon extubation.

Moretti 1999 Randomised cross-over trial
Each of 11 infants (mean body weight 1141 grams) received NIPPV and NCPAP in random order for
a period of 1 hour.
Outcomes included respiratory rates and pulmonary function tests (i.e. not outcome criteria speci-
fied in the protocol).

Pantalitschka 2009 Infants enrolled had apnoea of prematurity; NIPPV or NCPAP was used for treatment.

Ramanathan 2012 Infants were randomised after INSURE procedure and extubation was planned within 2 hours of
life. We included this study in the review: early NIPPV vs NCPAP for RDS

Ryan 1989 Infants enrolled had apnoea of prematurity; NIPPV or NCPAP was used for treatment.

Shi 2010 RCT comparing NIPPV vs NCPAP. Not all enrolled infants were premature; mean birth weight of en-
rolled infants was 2380 grams (experimental group) vs 2416 grams (control group). Unclear if inter-
vention was provided to treat RDS, or if RDS occurred after extubation

INSURE: intubation, surfactant, extubation; NCPAP: nasal continuous positive airway pressure; NIPPV: nasal intermittent positive pressure
ventilation; RCT: randomised controlled trial; RDS: respiratory distress syndrome.
 

Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Randomised, prospective, clinical trial

Participants 80 newborns (gestational age < 37 weeks, birth weight < 2500 grams). Infants could be randomised
early (for initial management of respiratory distress syndrome (RDS)) or later, after extubation
(mean of day 3).

Interventions 40 infants were treated with nasal continuous positive airway pressure (CPAP) and 40 with nasal in-
termittent positive-pressure ventilation (NIPPV)

Outcomes Occurrence of apnoea, progression of respiratory distress, nose bleeding and agitation were de-
fined as ventilation failure. The need for intubation and re-intubation after failure was observed.

Notes A portion of the study population may be eligible for inclusion in this review. Communication with
a study investigator is ongoing.

Silveira 2015 
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Characteristics of ongoing studies [ordered by study ID]

 

Trial name or title Nasal Continuous Airway Pressure (n-CPAP) vs Nasal Bilevel Positive Airway Pressure (n-BiPAP) for
RDS

Methods Randomised controlled trial

Participants Inclusion criteria:

• preterm infants < 34 weeks

Exclusion criteria:

• preterm infants with birth weight < 1000 grams

• infants with Apgar score of 0 at 1 minute

• presence of any other cause of respiratory distress such as congenital malformation affecting the
cardiorespiratory system, neuromuscular disease, foetal hydrops, interventricular haemorrhage
and chromosomal aberrations

Interventions Bilevel positive airway pressure and NCPAP

Outcomes Primary: failure of extubation during the first 48 hours post extubation, defined as uncompensated
respiratory acidosis defined as pH < 7.2 and PaCO2 > 60 mmHg (or) major apnoea requiring mask

ventilation
Secondary: maintenance of successful extubation for 7 days from the hour of extubation

Starting date January 2013

Contact information Rania A. El-Farrash, MD

Notes  

El-Farash 2013 

 
 

Trial name or title Non-Invasive Ventilation vs Continuous Positive Airway Pressure After Extubation in Very Low Birth
Weight Infants

Methods Randomised controlled trial

Participants Infants < 1500 grams and < 34 weeks with RDS and ready for extubation (> 2 hours but < 14 days)

Exclusion criteria: major congenital anomalies, presence of cardiovascular instability, intubation
< 2 hours, mechanical ventilation > 14 days, using muscle relaxant, airway anomalies, consent not
provided or refused

Interventions Non-synchronised NIPPV and NCPAP

Outcomes Primary: assessment of the need for re-intubation within the first 72 hours after extubation in the 2
groups

Criteria for failure were met by at least 1 of the following: pH < 7.25 and pCO2 > 65 mmHg; more

than 2 episodes of recurrent apnoea per hour associated with bradycardia during 4-hour continu-
ous; 2 episodes of apnoea that required bag and mask ventilation any time during the study; PaO2

< 50 mmHg with FiO2 > 0.6

Estay 2013 
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Secondary: concerning respiratory support: total duration on endotracheal tube ventilation; to-
tal duration on NCPAP; total duration on supplemental O2, incidence of pneumothorax, BPD and

death. Other outcomes included incidence of patent ductus arteriosus, necrotising enterocolitis,
intraventricular haemorrhage grades 3 and 4, retinopathy of prematurity stage 3, time to full feeds
and length of hospital stay

Starting date December 2011

Contact information Alberto Estay, MD

Notes Expected completion date: June 2013

Estay 2013  (Continued)

 
 

Trial name or title Successful Extubation and Non-invasive Ventilation in Preterm ≤ 1500 grams

Methods Randomised controlled trial

Participants Infants 26 to 34 weeks, 500 to 1500 grams, with diagnosis of RDS and first elective extubation

Interventions NIPPV (unspecified device) vs bubble CPAP

Outcomes Success rate of extubation, total duration of oxygen use, mechanical ventilation and bronchopul-
monary dysplasia (BPD), days of oxygen use, mechanical ventilation

Starting date August 2012

Contact information Cintia Johnston

Notes Completed. No publication identified

NCT02396693 

 
 

Trial name or title Nasal Intermittent Positive Pressure Ventilation in Newborn Infants With Respiratory Distress Syn-
drome

Methods Randomised controlled trial

Participants Inclusion criteria:

• Newborn infants with birth weight > 500 grams

• Gestational age > 24 completed weeks

• Intention to manage the infant with non-invasive respiratory support (i.e. no endotracheal tube),
when the infant is within the first 7 days of life and has never been intubated or has received < 24
hours of total cumulative intubated respiratory support; or the infant is within the first 28 days of
life, has been managed with intubated respiratory support for ≥ 24 hours and is a candidate for
extubation followed by non-invasive respiratory support

• No known lethal congenital anomaly or genetic syndromes

• Signed parental informed consent

Exclusion criteria:

• Considered non-viable by clinician (decision not to administer effective therapies)

Shi 2013 
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• Life-threatening congenital abnormalities including congenital heart disease (excluding patent
ductus arteriosus)

• Infants known to require surgical treatment

• Abnormalities of upper and lower airways

• Neuromuscular disorders

• Infants > 28 days old who continue to require mechanical ventilation with an endotracheal tube

Interventions NIPPV via Bird ventilator or NCPAP (after extubation or as a primary mode of respiratory support)

Outcomes Primary: incidence of mechanical ventilation via endotracheal tube after non-invasive respiratory
support within 7 days

Secondary: overall clinical outcomes at 7 days', 28 days' and 36 weeks' postmenstrual age

Starting date January 2008

Contact information Yuan Shi, MD

Notes Expected completion date: December 2011; information last updated on Clinicaltrials.gov 17 De-
cember 2012. Part of the study population could be included in an updated version of this review.

Shi 2013  (Continued)

 
 

Trial name or title A Randomised Controlled Trial of Nasal Biphasic Positive Airway Pressure vs Nasal Continuous Pos-
itive Airway Pressure Following Extubation in Infants Less Than 30 Weeks’ Gestation: Study Proto-
col for a Randomised Controlled Trial

Methods Unblinded multi-centre randomised trial

Participants Infants born before 30 weeks’ gestation and less than 2 weeks old. Infants with congenital abnor-
malities and severe intraventricular haemorrhage will be excluded. 540 infants admitted to neona-
tal centres in England will be randomised at the time of first extubation attempt.

Interventions Unblinded multi-centre randomised trial comparing NCPAP vs n-BiPAP

Outcomes Primary aim of this study is to compare rate of extubation failure within 48 hours after first attempt
at extubation.

Secondary aims are to compare effects of n-BiPAP and n-CPAP on the following outcomes.
• Maintenance of successful extubation for 7 days post extubation
• Oxygen requirement at 28 days of age and at 36 weeks’ postmenstrual age
• Total days on ventilator, n-CPAP/n-BiPAP
• Number of ventilator days after first extubation attempt
• pH and partial pressure of carbon dioxide in the first postextubation blood gas
• Duration of hospital stay
• Rate of abdominal distension requiring cessation of feeds
• Rates of apnoea and bradycardia
• Age at transfer back to referral centre in days

Starting date  

Contact information suresh.victor@manchester.ac.uk

1 Ward 68, 2nd Floor, St Mary’s Hospital for Women and Children, Manchester, UK M13 9WL

Notes Trial registration number: ISRCTN: ISRCTN18921778

Victor 2011 
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http://www.trialsjournal.com/content/12/1/257 TRIALS
Victor 2011  (Continued)

BPD: bronchopulmonary dysplasia; CPAP: continuous positive airway pressure; FiO2: fraction of inspired oxygen; n-BiPAP: noninvasive

cycled respiratory support mechanism; n-CPAP/NCPAP: nasal continuous positive airway pressure; NIPPV: nasal intermittent positive
pressure ventilation; PaCO2: partial pressure of carbon dioxide in arterial blood; pCO2: partial pressure of carbon dioxide; RDS: respiratory

distress syndrome.
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   NIPPV versus NCPAP to prevent extubation failure

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Respiratory failure post extubation 10 1431 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.60, 0.80]

1.1 Short (nasal) prongs 7 1275 Risk Ratio (M-H, Fixed, 95% CI) 0.73 [0.63, 0.84]

1.2 Long (nasopharyngeal) prongs 3 156 Risk Ratio (M-H, Fixed, 95% CI) 0.31 [0.14, 0.65]

2 Endotracheal re-intubation 8 1301 Risk Ratio (M-H, Fixed, 95% CI) 0.76 [0.65, 0.88]

3 Post hoc analysis (high-quality stud-
ies): respiratory failure post extubation

7 1266 Risk Ratio (M-H, Fixed, 95% CI) 0.73 [0.63, 0.85]

 
 

Analysis 1.1.   Comparison 1 NIPPV versus NCPAP to prevent
extubation failure, Outcome 1 Respiratory failure post extubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

1.1.1 Short (nasal) prongs  

Jasani 2016 6/31 9/32 3.01% 0.69[0.28,1.7]

Barrington 2001 4/27 12/27 4.07% 0.33[0.12,0.9]

Moretti 2008 2/32 12/31 4.14% 0.16[0.04,0.66]

Khalaf 2001 2/34 12/30 4.33% 0.15[0.04,0.6]

Gao 2010 6/25 15/25 5.09% 0.4[0.19,0.86]

O'Brien 2012 22/67 29/69 9.69% 0.78[0.5,1.21]

Kirpalani 2013 156/423 182/422 61.82% 0.86[0.72,1.01]

Subtotal (95% CI) 639 636 92.14% 0.73[0.63,0.84]

Total events: 198 (NIPPV), 271 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=17.66, df=6(P=0.01); I2=66.02%  

Test for overall effect: Z=4.24(P<0.0001)  

   

1.1.2 Long (nasopharyngeal) prongs  

Khorana 2008 2/24 4/24 1.36% 0.5[0.1,2.48]

Friedlich 1999 1/22 7/19 2.55% 0.12[0.02,0.91]

Kahramaner 2014 5/39 10/28 3.95% 0.36[0.14,0.94]

Subtotal (95% CI) 85 71 7.86% 0.31[0.14,0.65]

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 8 (NIPPV), 21 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=1.26, df=2(P=0.53); I2=0%  

Test for overall effect: Z=3.08(P=0)  

   

Total (95% CI) 724 707 100% 0.7[0.6,0.8]

Total events: 206 (NIPPV), 292 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=23.88, df=9(P=0); I2=62.31%  

Test for overall effect: Z=4.96(P<0.0001)  

Test for subgroup differences: Chi2=4.91, df=1 (P=0.03), I2=79.61%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 1.2.   Comparison 1 NIPPV versus NCPAP to prevent
extubation failure, Outcome 2 Endotracheal re-intubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Barrington 2001 3/27 3/27 1.17% 1[0.22,4.52]

Friedlich 1999 1/22 1/19 0.42% 0.86[0.06,12.89]

Gao 2010 6/25 15/25 5.84% 0.4[0.19,0.86]

Khalaf 2001 2/34 10/30 4.14% 0.18[0.04,0.74]

Khorana 2008 2/24 4/24 1.56% 0.5[0.1,2.48]

Kirpalani 2013 156/423 182/422 70.99% 0.86[0.72,1.01]

Moretti 2008 2/32 12/31 4.75% 0.16[0.04,0.66]

O'Brien 2012 22/67 29/69 11.13% 0.78[0.5,1.21]

   

Total (95% CI) 654 647 100% 0.76[0.65,0.88]

Total events: 194 (NIPPV), 256 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=13.71, df=7(P=0.06); I2=48.96%  

Test for overall effect: Z=3.7(P=0)  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 1.3.   Comparison 1 NIPPV versus NCPAP to prevent extubation failure,
Outcome 3 Post hoc analysis (high-quality studies): respiratory failure post extubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Barrington 2001 4/27 12/27 4.54% 0.33[0.12,0.9]

Friedlich 1999 1/22 7/19 2.84% 0.12[0.02,0.91]

Jasani 2016 6/31 9/32 3.35% 0.69[0.28,1.7]

Khalaf 2001 2/34 12/30 4.83% 0.15[0.04,0.6]

Kirpalani 2013 156/423 182/422 69% 0.86[0.72,1.01]

Moretti 2008 2/32 12/31 4.62% 0.16[0.04,0.66]

O'Brien 2012 22/67 29/69 10.82% 0.78[0.5,1.21]

   

Total (95% CI) 636 630 100% 0.73[0.63,0.85]

Total events: 193 (NIPPV), 263 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=18.28, df=6(P=0.01); I2=67.17%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=4.14(P<0.0001)  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Comparison 2.   NIPPV versus NCPAP and gastrointestinal complications

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Abdominal distension leading to ces-
sation of feeds

4 199 Risk Ratio (M-H, Fixed, 95% CI) 1.27 [0.64, 2.53]

2 Gastrointestinal perforation 5 1066 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.60, 1.48]

3 Necrotising enterocolitis 6 1214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.64, 1.19]

 
 

Analysis 2.1.   Comparison 2 NIPPV versus NCPAP and gastrointestinal
complications, Outcome 1 Abdominal distension leading to cessation of feeds.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Barrington 2001 10/27 6/27 52.48% 1.67[0.71,3.94]

Friedlich 1999 0/22 0/19   Not estimable

Jasani 2016 3/31 5/32 43.04% 0.62[0.16,2.37]

Khalaf 2001 1/21 0/20 4.48% 2.86[0.12,66.44]

   

Total (95% CI) 101 98 100% 1.27[0.64,2.53]

Total events: 14 (NIPPV), 11 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=1.74, df=2(P=0.42); I2=0%  

Test for overall effect: Z=0.68(P=0.5)  

Favours NIPPV 1000.01 100.1 1 Favours nCPAP

 
 

Analysis 2.2.   Comparison 2 NIPPV versus NCPAP and gastrointestinal
complications, Outcome 2 Gastrointestinal perforation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Barrington 2001 0/27 0/27   Not estimable

Friedlich 1999 0/22 0/19   Not estimable

Khalaf 2001 0/34 0/30   Not estimable

Khorana 2008 0/24 0/24   Not estimable

Kirpalani 2013 33/430 35/429 100% 0.94[0.6,1.48]

   

Total (95% CI) 537 529 100% 0.94[0.6,1.48]

Total events: 33 (NIPPV), 35 (NCPAP)  

Favours NIPPV 1000.01 100.1 1 Favours nCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.26(P=0.79)  

Favours NIPPV 1000.01 100.1 1 Favours nCPAP

 
 

Analysis 2.3.   Comparison 2 NIPPV versus NCPAP and
gastrointestinal complications, Outcome 3 Necrotising enterocolitis.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Friedlich 1999 0/22 0/19   Not estimable

Kahramaner 2014 2/39 2/28 3.05% 0.72[0.11,4.79]

Khorana 2008 1/24 3/24 3.93% 0.33[0.04,2.98]

Kirpalani 2013 55/430 62/429 81.32% 0.89[0.63,1.24]

Moretti 2008 2/32 2/31 2.66% 0.97[0.15,6.46]

O'Brien 2012 7/67 7/69 9.04% 1.03[0.38,2.78]

   

Total (95% CI) 614 600 100% 0.87[0.64,1.19]

Total events: 67 (NIPPV), 76 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.91, df=4(P=0.92); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

Favours NIPPV 1000.01 100.1 1 Favours nCPAP

 
 

Comparison 3.   NIPPV versus NCPAP to improve pulmonary outcomes

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Chronic lung disease (oxygen supple-
mentation at 36 weeks)

6 1140 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.80, 1.10]

2 Air leaks 6 1229 Risk Ratio (M-H, Fixed, 95% CI) 0.48 [0.28, 0.82]

 
 

Analysis 3.1.   Comparison 3 NIPPV versus NCPAP to improve pulmonary outcomes,
Outcome 1 Chronic lung disease (oxygen supplementation at 36 weeks).

Study or subgroup NIPPV nCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Barrington 2001 12/27 15/27 7.4% 0.8[0.47,1.37]

Jasani 2016 2/29 9/28 4.52% 0.21[0.05,0.91]

Khalaf 2001 12/34 16/30 8.39% 0.66[0.38,1.16]

Kirpalani 2013 144/394 130/380 65.32% 1.07[0.88,1.29]

Moretti 2008 2/32 7/31 3.51% 0.28[0.06,1.23]

O'Brien 2012 21/64 22/64 10.86% 0.95[0.59,1.55]

   

Favours NIPPV 1000.01 100.1 1 Favours nCPAP
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Study or subgroup NIPPV nCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total (95% CI) 580 560 100% 0.94[0.8,1.1]

Total events: 193 (NIPPV), 199 (nCPAP)  

Heterogeneity: Tau2=0; Chi2=10.2, df=5(P=0.07); I2=50.98%  

Test for overall effect: Z=0.82(P=0.41)  

Favours NIPPV 1000.01 100.1 1 Favours nCPAP

 
 

Analysis 3.2.   Comparison 3 NIPPV versus NCPAP to improve pulmonary outcomes, Outcome 2 Air leaks.

Study or subgroup NIPPV nCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Gao 2010 4/25 8/25 21.43% 0.5[0.17,1.45]

Jasani 2016 1/31 3/32 7.91% 0.34[0.04,3.13]

Kahramaner 2014 1/39 2/28 6.24% 0.36[0.03,3.77]

Kirpalani 2013 11/424 18/426 48.1% 0.61[0.29,1.28]

Moretti 2008 1/32 6/31 16.33% 0.16[0.02,1.26]

O'Brien 2012 0/67 0/69   Not estimable

   

Total (95% CI) 618 611 100% 0.48[0.28,0.82]

Total events: 18 (NIPPV), 37 (nCPAP)  

Heterogeneity: Tau2=0; Chi2=1.66, df=4(P=0.8); I2=0%  

Test for overall effect: Z=2.67(P=0.01)  

Favours NIPPV 1000.01 100.1 1 Favours nCPAP

 
 

Comparison 4.   NIPPV versus NCPAP and mortality

Outcome or subgroup title No. of
studies

No. of partici-
pants

Statistical method Effect size

1 Death before discharge 6 1237 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.48, 0.99]

 
 

Analysis 4.1.   Comparison 4 NIPPV versus NCPAP and mortality, Outcome 1 Death before discharge.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Jasani 2016 2/31 4/32 5.99% 0.52[0.1,2.62]

Kahramaner 2014 3/39 11/28 19.49% 0.2[0.06,0.64]

Khorana 2008 0/24 0/24   Not estimable

Kirpalani 2013 35/430 41/430 62.39% 0.85[0.55,1.31]

Moretti 2008 3/32 3/31 4.64% 0.97[0.21,4.44]

O'Brien 2012 3/67 5/69 7.5% 0.62[0.15,2.48]

   

Total (95% CI) 623 614 100% 0.69[0.48,0.99]

Total events: 46 (NIPPV), 64 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=5.64, df=4(P=0.23); I2=29.09%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=2.01(P=0.04)  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Comparison 5.   NIPPV versus NCPAP and duration of hospital admission

Outcome or subgroup title No. of
studies

No. of par-
ticipants

Statistical method Effect size

1 Duration of hospital admission (days) 4 238 Mean Difference (IV, Fixed, 95% CI) 2.77 [0.04, 5.51]

 
 

Analysis 5.1.   Comparison 5 NIPPV versus NCPAP and duration of
hospital admission, Outcome 1 Duration of hospital admission (days).

Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Barrington 2001 27 86 (23) 27 92 (26) 4.36% -6[-19.09,7.09]

Jasani 2016 29 33.3 (18.4) 28 36.8 (16.8) 8.93% -3.48[-12.63,5.67]

Khalaf 2001 34 72 (46.7) 30 76 (43.8) 1.52% -4[-26.18,18.18]

Moretti 2008 32 62 (6) 31 58 (6) 85.18% 4[1.04,6.96]

   

Total *** 122   116   100% 2.77[0.04,5.51]

Heterogeneity: Tau2=0; Chi2=4.53, df=3(P=0.21); I2=33.84%  

Test for overall effect: Z=1.99(P=0.05)  

Favours NIPPV 10050-100 -50 0 Favours NCPAP

 
 

Comparison 6.   NIPPV versus NCPAP and apnoea

Outcome or subgroup title No. of
studies

No. of par-
ticipants

Statistical method Effect size

1 Rates of apnoea (episodes/24 h) 1 54 Mean Difference (IV, Fixed, 95% CI) -3.10 [-7.92, 1.72]

 
 

Analysis 6.1.   Comparison 6 NIPPV versus NCPAP and apnoea, Outcome 1 Rates of apnoea (episodes/24 h).

Study or subgroup NIPPV nCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Barrington 2001 27 5.1 (4.4) 27 8.2 (12) 100% -3.1[-7.92,1.72]

   

Total *** 27   27   100% -3.1[-7.92,1.72]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

Favours NIPPV 10050-100 -50 0 Favours nCPAP
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Comparison 7.   NIPPV versus NCPAP (synchronised vs non-synchronised)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Respiratory failure post extubation 10 1431 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.60, 0.80]

1.1 Synchronised NIPPV 5 272 Risk Ratio (M-H, Fixed, 95% CI) 0.25 [0.15, 0.41]

1.2 Non-synchronised NIPPV 4 314 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.46, 0.93]

1.3 Mixed NIPPV devices 1 845 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.72, 1.01]

2 Endotracheal re-intubation during the
week post extubation

10 1431 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.64, 0.85]

2.1 Synchronised NIPPV 5 272 Risk Ratio (M-H, Fixed, 95% CI) 0.33 [0.19, 0.57]

2.2 Non-synchronised NIPPV 4 314 Risk Ratio (M-H, Fixed, 95% CI) 0.65 [0.46, 0.93]

2.3 Mixed NIPPV devices 1 845 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.72, 1.01]

3 Abdominal distension requiring cessa-
tion of feeds

3 136 Risk Ratio (M-H, Fixed, 95% CI) 1.76 [0.77, 4.05]

3.1 Synchronised NIPPV 3 136 Risk Ratio (M-H, Fixed, 95% CI) 1.76 [0.77, 4.05]

3.2 Non-synchronised NIPPV 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.3 Mixed NIPPV devices 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Gastrointestinal perforation 5 1052 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.72, 1.01]

4.1 Synchronised NIPPV 3 159 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.2 Non-synchronised NIPPV 1 48 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.3 Mixed NIPPV devices 1 845 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.72, 1.01]

5 Necrotising enterocolitis 6 1214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.64, 1.19]

5.1 Synchronised NIPPV 5 1147 Risk Ratio (M-H, Fixed, 95% CI) 0.88 [0.64, 1.20]

5.2 Non-synchronised NIPPV 1 67 Risk Ratio (M-H, Fixed, 95% CI) 0.72 [0.11, 4.79]

5.3 Mixed NIPPV devices 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

6 Chronic lung disease (oxygen supple-
mentation at 36 weeks)

6 1108 Risk Ratio (M-H, Fixed, 95% CI) 0.93 [0.79, 1.10]

6.1 Synchronised NIPPV 3 181 Risk Ratio (M-H, Fixed, 95% CI) 0.64 [0.44, 0.95]

6.2 Non-synchronised NIPPV 2 185 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.47, 1.16]

6.3 Mixed NIPPV devices 1 742 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.88, 1.30]

Nasal intermittent positive pressure ventilation (NIPPV) versus nasal continuous positive airway pressure (NCPAP) for preterm neonates
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

7 Pulmonary air leak 6 1222 Risk Ratio (M-H, Fixed, 95% CI) 0.67 [0.44, 1.02]

7.1 Synchronised NIPPV 2 113 Risk Ratio (M-H, Fixed, 95% CI) 0.35 [0.14, 0.90]

7.2 Non-synchronised NIPPV 3 259 Risk Ratio (M-H, Fixed, 95% CI) 1.10 [0.58, 2.08]

7.3 Mixed NIPPV devices 1 850 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.29, 1.28]

8 Rates of apnoea (episodes/24 h) 1 54 Mean Difference (IV, Fixed, 95%
CI)

-3.10 [-7.92, 1.72]

8.1 Synchronised NIPPV 1 54 Mean Difference (IV, Fixed, 95%
CI)

-3.10 [-7.92, 1.72]

8.2 Non-synchronised NIPPV 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

8.3 Mixed NIPPV devices 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

9 Duration of hospitalisation (days) 4 244 Mean Difference (IV, Fixed, 95%
CI)

2.72 [-0.01, 5.44]

9.1 Synchronised NIPPV 3 181 Mean Difference (IV, Fixed, 95%
CI)

3.39 [0.52, 6.25]

9.2 Non-synchronised NIPPV 1 63 Mean Difference (IV, Fixed, 95%
CI)

-3.48 [-12.20, 5.24]

9.3 Mixed NIPPV devices 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

10 Death before discharge 6 1237 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.48, 0.99]

10.1 Synchronised NIPPV 2 111 Risk Ratio (M-H, Fixed, 95% CI) 0.97 [0.21, 4.44]

10.2 Non-synchronised NIPPV 3 266 Risk Ratio (M-H, Fixed, 95% CI) 0.35 [0.16, 0.75]

10.3 Mixed NIPPV devices 1 860 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.55, 1.31]

 
 

Analysis 7.1.   Comparison 7 NIPPV versus NCPAP (synchronised vs
non-synchronised), Outcome 1 Respiratory failure post extubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.1.1 Synchronised NIPPV  

Barrington 2001 4/27 12/27 4.07% 0.33[0.12,0.9]

Friedlich 1999 1/22 7/19 2.55% 0.12[0.02,0.91]

Gao 2010 6/25 15/25 5.09% 0.4[0.19,0.86]

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Khalaf 2001 2/34 12/30 4.33% 0.15[0.04,0.6]

Moretti 2008 2/32 12/31 4.14% 0.16[0.04,0.66]

Subtotal (95% CI) 140 132 20.17% 0.25[0.15,0.41]

Total events: 15 (NIPPV), 58 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=3.17, df=4(P=0.53); I2=0%  

Test for overall effect: Z=5.4(P<0.0001)  

   

7.1.2 Non-synchronised NIPPV  

Jasani 2016 6/31 9/32 3.01% 0.69[0.28,1.7]

Kahramaner 2014 5/39 10/28 3.95% 0.36[0.14,0.94]

Khorana 2008 2/24 4/24 1.36% 0.5[0.1,2.48]

O'Brien 2012 22/67 29/69 9.69% 0.78[0.5,1.21]

Subtotal (95% CI) 161 153 18.01% 0.65[0.46,0.93]

Total events: 35 (NIPPV), 52 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=2.26, df=3(P=0.52); I2=0%  

Test for overall effect: Z=2.35(P=0.02)  

   

7.1.3 Mixed NIPPV devices  

Kirpalani 2013 156/423 182/422 61.82% 0.86[0.72,1.01]

Subtotal (95% CI) 423 422 61.82% 0.86[0.72,1.01]

Total events: 156 (NIPPV), 182 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.85(P=0.06)  

   

Total (95% CI) 724 707 100% 0.7[0.6,0.8]

Total events: 206 (NIPPV), 292 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=23.88, df=9(P=0); I2=62.31%  

Test for overall effect: Z=4.96(P<0.0001)  

Test for subgroup differences: Chi2=21.3, df=1 (P<0.0001), I2=90.61%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.2.   Comparison 7 NIPPV versus NCPAP (synchronised vs non-synchronised),
Outcome 2 Endotracheal re-intubation during the week post extubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.2.1 Synchronised NIPPV  

Barrington 2001 3/27 3/27 1.08% 1[0.22,4.52]

Friedlich 1999 1/22 1/19 0.39% 0.86[0.06,12.89]

Gao 2010 6/25 15/25 5.41% 0.4[0.19,0.86]

Khalaf 2001 2/34 10/30 3.83% 0.18[0.04,0.74]

Moretti 2008 2/32 12/31 4.4% 0.16[0.04,0.66]

Subtotal (95% CI) 140 132 15.11% 0.33[0.19,0.57]

Total events: 14 (NIPPV), 41 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=4.52, df=4(P=0.34); I2=11.56%  

Test for overall effect: Z=4.02(P<0.0001)  

   

7.2.2 Non-synchronised NIPPV  

Jasani 2016 6/31 9/32 3.2% 0.69[0.28,1.7]
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Kahramaner 2014 5/39 10/28 4.2% 0.36[0.14,0.94]

Khorana 2008 2/24 4/24 1.44% 0.5[0.1,2.48]

O'Brien 2012 22/67 29/69 10.31% 0.78[0.5,1.21]

Subtotal (95% CI) 161 153 19.15% 0.65[0.46,0.93]

Total events: 35 (NIPPV), 52 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=2.26, df=3(P=0.52); I2=0%  

Test for overall effect: Z=2.35(P=0.02)  

   

7.2.3 Mixed NIPPV devices  

Kirpalani 2013 156/423 182/422 65.74% 0.86[0.72,1.01]

Subtotal (95% CI) 423 422 65.74% 0.86[0.72,1.01]

Total events: 156 (NIPPV), 182 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.85(P=0.06)  

   

Total (95% CI) 724 707 100% 0.74[0.64,0.85]

Total events: 205 (NIPPV), 275 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=16.42, df=9(P=0.06); I2=45.18%  

Test for overall effect: Z=4.14(P<0.0001)  

Test for subgroup differences: Chi2=11.81, df=1 (P=0), I2=83.07%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.3.   Comparison 7 NIPPV versus NCPAP (synchronised vs non-
synchronised), Outcome 3 Abdominal distension requiring cessation of feeds.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.3.1 Synchronised NIPPV  

Barrington 2001 10/27 6/27 92.14% 1.67[0.71,3.94]

Friedlich 1999 0/22 0/19   Not estimable

Khalaf 2001 1/21 0/20 7.86% 2.86[0.12,66.44]

Subtotal (95% CI) 70 66 100% 1.76[0.77,4.05]

Total events: 11 (NIPPV), 6 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=1.33(P=0.18)  

   

7.3.2 Non-synchronised NIPPV  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

7.3.3 Mixed NIPPV devices  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 70 66 100% 1.76[0.77,4.05]
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 11 (NIPPV), 6 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=1.33(P=0.18)  

Test for subgroup differences: Not applicable  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.4.   Comparison 7 NIPPV versus NCPAP (synchronised
vs non-synchronised), Outcome 4 Gastrointestinal perforation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.4.1 Synchronised NIPPV  

Barrington 2001 0/27 0/27   Not estimable

Friedlich 1999 0/22 0/19   Not estimable

Khalaf 2001 0/34 0/30   Not estimable

Subtotal (95% CI) 83 76 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

7.4.2 Non-synchronised NIPPV  

Khorana 2008 0/24 0/24   Not estimable

Subtotal (95% CI) 24 24 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

7.4.3 Mixed NIPPV devices  

Kirpalani 2013 156/423 182/422 100% 0.86[0.72,1.01]

Subtotal (95% CI) 423 422 100% 0.86[0.72,1.01]

Total events: 156 (NIPPV), 182 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.85(P=0.06)  

   

Total (95% CI) 530 522 100% 0.86[0.72,1.01]

Total events: 156 (NIPPV), 182 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.85(P=0.06)  

Test for subgroup differences: Not applicable  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.5.   Comparison 7 NIPPV versus NCPAP (synchronised
vs non-synchronised), Outcome 5 Necrotising enterocolitis.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.5.1 Synchronised NIPPV  
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Friedlich 1999 0/22 0/19   Not estimable

Khorana 2008 1/24 3/24 3.93% 0.33[0.04,2.98]

Kirpalani 2013 55/430 62/429 81.32% 0.89[0.63,1.24]

Moretti 2008 2/32 2/31 2.66% 0.97[0.15,6.46]

O'Brien 2012 7/67 7/69 9.04% 1.03[0.38,2.78]

Subtotal (95% CI) 575 572 96.95% 0.88[0.64,1.2]

Total events: 65 (NIPPV), 74 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.86, df=3(P=0.83); I2=0%  

Test for overall effect: Z=0.82(P=0.41)  

   

7.5.2 Non-synchronised NIPPV  

Kahramaner 2014 2/39 2/28 3.05% 0.72[0.11,4.79]

Subtotal (95% CI) 39 28 3.05% 0.72[0.11,4.79]

Total events: 2 (NIPPV), 2 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.34(P=0.73)  

   

7.5.3 Mixed NIPPV devices  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 614 600 100% 0.87[0.64,1.19]

Total events: 67 (NIPPV), 76 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.91, df=4(P=0.92); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

Test for subgroup differences: Chi2=0.04, df=1 (P=0.84), I2=0%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.6.   Comparison 7 NIPPV versus NCPAP (synchronised vs non-
synchronised), Outcome 6 Chronic lung disease (oxygen supplementation at 36 weeks).

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.6.1 Synchronised NIPPV  

Barrington 2001 12/27 15/27 7.59% 0.8[0.47,1.37]

Khalaf 2001 12/34 16/30 8.6% 0.66[0.38,1.16]

Moretti 2008 2/32 7/31 3.6% 0.28[0.06,1.23]

Subtotal (95% CI) 93 88 19.79% 0.64[0.44,0.95]

Total events: 26 (NIPPV), 38 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=1.86, df=2(P=0.4); I2=0%  

Test for overall effect: Z=2.25(P=0.02)  

   

7.6.2 Non-synchronised NIPPV  

Jasani 2016 2/29 9/28 4.63% 0.21[0.05,0.91]

O'Brien 2012 21/64 22/64 11.13% 0.95[0.59,1.55]

Subtotal (95% CI) 93 92 15.77% 0.74[0.47,1.16]

Total events: 23 (NIPPV), 31 (NCPAP)  
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=3.9, df=1(P=0.05); I2=74.34%  

Test for overall effect: Z=1.32(P=0.19)  

   

7.6.3 Mixed NIPPV devices  

Kirpalani 2013 139/378 125/364 64.44% 1.07[0.88,1.3]

Subtotal (95% CI) 378 364 64.44% 1.07[0.88,1.3]

Total events: 139 (NIPPV), 125 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.69(P=0.49)  

   

Total (95% CI) 564 544 100% 0.93[0.79,1.1]

Total events: 188 (NIPPV), 194 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=10.21, df=5(P=0.07); I2=51.04%  

Test for overall effect: Z=0.83(P=0.41)  

Test for subgroup differences: Chi2=6.55, df=1 (P=0.04), I2=69.46%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.7.   Comparison 7 NIPPV versus NCPAP (synchronised
vs non-synchronised), Outcome 7 Pulmonary air leak.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.7.1 Synchronised NIPPV  

Gao 2010 4/25 8/25 17.94% 0.5[0.17,1.45]

Moretti 2008 1/32 6/31 13.66% 0.16[0.02,1.26]

Subtotal (95% CI) 57 56 31.6% 0.35[0.14,0.9]

Total events: 5 (NIPPV), 14 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.96, df=1(P=0.33); I2=0%  

Test for overall effect: Z=2.17(P=0.03)  

   

7.7.2 Non-synchronised NIPPV  

Jasani 2016 1/31 3/32 6.62% 0.34[0.04,3.13]

Kahramaner 2014 16/36 8/24 21.52% 1.33[0.68,2.61]

O'Brien 2012 0/67 0/69   Not estimable

Subtotal (95% CI) 134 125 28.14% 1.1[0.58,2.08]

Total events: 17 (NIPPV), 11 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=1.38, df=1(P=0.24); I2=27.34%  

Test for overall effect: Z=0.3(P=0.77)  

   

7.7.3 Mixed NIPPV devices  

Kirpalani 2013 11/424 18/426 40.26% 0.61[0.29,1.28]

Subtotal (95% CI) 424 426 40.26% 0.61[0.29,1.28]

Total events: 11 (NIPPV), 18 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.2)  

   

Total (95% CI) 615 607 100% 0.67[0.44,1.02]

Total events: 33 (NIPPV), 43 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=6.55, df=4(P=0.16); I2=38.94%  
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Test for overall effect: Z=1.86(P=0.06)  

Test for subgroup differences: Chi2=4.09, df=1 (P=0.13), I2=51.15%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 7.8.   Comparison 7 NIPPV versus NCPAP (synchronised vs
non-synchronised), Outcome 8 Rates of apnoea (episodes/24 h).

Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

7.8.1 Synchronised NIPPV  

Barrington 2001 27 5.1 (4.4) 27 8.2 (12) 100% -3.1[-7.92,1.72]

Subtotal *** 27   27   100% -3.1[-7.92,1.72]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

   

7.8.2 Non-synchronised NIPPV  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

7.8.3 Mixed NIPPV devices  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 27   27   100% -3.1[-7.92,1.72]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

Test for subgroup differences: Not applicable  

Favours NIPPV 10050-100 -50 0 Favours NCPAP

 
 

Analysis 7.9.   Comparison 7 NIPPV versus NCPAP (synchronised vs
non-synchronised), Outcome 9 Duration of hospitalisation (days).

Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

7.9.1 Synchronised NIPPV  

Barrington 2001 27 86 (23) 27 92 (26) 4.32% -6[-19.09,7.09]

Khalaf 2001 34 72 (46.7) 30 76 (43.8) 1.51% -4[-26.18,18.18]

Moretti 2008 32 62 (6) 31 58 (6) 84.41% 4[1.04,6.96]

Subtotal *** 93   88   90.25% 3.39[0.52,6.25]

Heterogeneity: Tau2=0; Chi2=2.57, df=2(P=0.28); I2=22.03%  

Test for overall effect: Z=2.32(P=0.02)  

   

7.9.2 Non-synchronised NIPPV  

Jasani 2016 31 33.3 (18.4) 32 36.8 (16.8) 9.75% -3.48[-12.2,5.24]

Subtotal *** 31   32   9.75% -3.48[-12.2,5.24]
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Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=0.78(P=0.43)  

   

7.9.3 Mixed NIPPV devices  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 124   120   100% 2.72[-0.01,5.44]

Heterogeneity: Tau2=0; Chi2=4.72, df=3(P=0.19); I2=36.38%  

Test for overall effect: Z=1.96(P=0.05)  

Test for subgroup differences: Chi2=2.15, df=1 (P=0.14), I2=53.51%  

Favours NIPPV 10050-100 -50 0 Favours NCPAP

 
 

Analysis 7.10.   Comparison 7 NIPPV versus NCPAP (synchronised
vs non-synchronised), Outcome 10 Death before discharge.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

7.10.1 Synchronised NIPPV  

Khorana 2008 0/24 0/24   Not estimable

Moretti 2008 3/32 3/31 4.64% 0.97[0.21,4.44]

Subtotal (95% CI) 56 55 4.64% 0.97[0.21,4.44]

Total events: 3 (NIPPV), 3 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.04(P=0.97)  

   

7.10.2 Non-synchronised NIPPV  

Jasani 2016 2/31 4/32 5.99% 0.52[0.1,2.62]

Kahramaner 2014 3/39 11/28 19.49% 0.2[0.06,0.64]

O'Brien 2012 3/67 5/69 7.5% 0.62[0.15,2.48]

Subtotal (95% CI) 137 129 32.97% 0.35[0.16,0.75]

Total events: 8 (NIPPV), 20 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=1.79, df=2(P=0.41); I2=0%  

Test for overall effect: Z=2.71(P=0.01)  

   

7.10.3 Mixed NIPPV devices  

Kirpalani 2013 35/430 41/430 62.39% 0.85[0.55,1.31]

Subtotal (95% CI) 430 430 62.39% 0.85[0.55,1.31]

Total events: 35 (NIPPV), 41 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

   

Total (95% CI) 623 614 100% 0.69[0.48,0.99]

Total events: 46 (NIPPV), 64 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=5.64, df=4(P=0.23); I2=29.09%  

Test for overall effect: Z=2.01(P=0.04)  

Test for subgroup differences: Chi2=4.19, df=1 (P=0.12), I2=52.24%  
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Comparison 8.   NIPPV versus NCPAP (ventilator-generated NIPPV vs bilevel NIPPV)

Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

1 Respiratory failure post extubation 10 1431 Risk Ratio (M-H, Fixed, 95% CI) 0.70 [0.60, 0.80]

1.1 Ventilator-generated NIPPV 8 450 Risk Ratio (M-H, Fixed, 95% CI) 0.32 [0.22, 0.47]

1.2 Bilevel NIPPV 1 136 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.50, 1.21]

1.3 Mixed NIPPV devices 1 845 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.72, 1.01]

2 Endotracheal re-intubation during the
week post extubation

10 1431 Risk Ratio (M-H, Fixed, 95% CI) 0.74 [0.64, 0.85]

2.1 Ventilator-generated NIPPV 8 450 Risk Ratio (M-H, Fixed, 95% CI) 0.39 [0.26, 0.59]

2.2 Bilevel NIPPV 1 136 Risk Ratio (M-H, Fixed, 95% CI) 0.78 [0.50, 1.21]

2.3 Mixed NIPPV devices 1 845 Risk Ratio (M-H, Fixed, 95% CI) 0.86 [0.72, 1.01]

3 Abdominal distension requiring cessa-
tion of feeds

3 136 Risk Ratio (M-H, Fixed, 95% CI) 1.76 [0.77, 4.05]

3.1 Ventilator-generated NIPPV 3 136 Risk Ratio (M-H, Fixed, 95% CI) 1.76 [0.77, 4.05]

3.2 Bilevel NIPPV 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

3.3 Mixed NIPPV devices 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4 Gastrointestinal perforation 6 1133 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.60, 1.48]

4.1 Ventilator-generated NIPPV 6 1133 Risk Ratio (M-H, Fixed, 95% CI) 0.94 [0.60, 1.48]

4.2 Bilevel NIPPV 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

4.3 Mixed NIPPV devices 0 0 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

5 Necrotising enterocolitis 6 1214 Risk Ratio (M-H, Fixed, 95% CI) 0.87 [0.64, 1.19]

5.1 Ventilator-generated NIPPV 4 219 Risk Ratio (M-H, Fixed, 95% CI) 0.63 [0.21, 1.93]

5.2 Bilevel NIPPV 1 136 Risk Ratio (M-H, Fixed, 95% CI) 1.03 [0.38, 2.78]

5.3 Mixed NIPPV devices 1 859 Risk Ratio (M-H, Fixed, 95% CI) 0.89 [0.63, 1.24]

6 Chronic lung disease (oxygen supple-
mentation at 36 weeks)

7 1168 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.81, 1.11]

6.1 Ventilator-generated NIPPV 5 298 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.50, 0.95]

6.2 Bilevel NIPPV 1 128 Risk Ratio (M-H, Fixed, 95% CI) 0.95 [0.59, 1.55]

6.3 Mixed NIPPV devices 1 742 Risk Ratio (M-H, Fixed, 95% CI) 1.07 [0.88, 1.30]
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Outcome or subgroup title No. of
studies

No. of
partici-
pants

Statistical method Effect size

7 Pulmonary air leak 6 1229 Risk Ratio (M-H, Fixed, 95% CI) 0.48 [0.28, 0.82]

7.1 Ventilator-generated NIPPV 4 243 Risk Ratio (M-H, Fixed, 95% CI) 0.35 [0.16, 0.79]

7.2 Bilevel NIPPV 1 136 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

7.3 Mixed NIPPV devices 1 850 Risk Ratio (M-H, Fixed, 95% CI) 0.61 [0.29, 1.28]

8 Rates of apnoea (episodes/24 h) 1 54 Mean Difference (IV, Fixed, 95%
CI)

-3.10 [-7.92, 1.72]

8.1 Ventilator-generated NIPPV 1 54 Mean Difference (IV, Fixed, 95%
CI)

-3.10 [-7.92, 1.72]

8.2 Bilevel NIPPV 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

8.3 Mixed NIPPV devices 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

9 Duration of hospitalisation (days) 4 244 Mean Difference (IV, Fixed, 95%
CI)

2.72 [-0.01, 5.44]

9.1 Ventilator-generated NIPPV 4 244 Mean Difference (IV, Fixed, 95%
CI)

2.72 [-0.01, 5.44]

9.2 Bilevel NIPPV 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

9.3 Mixed NIPPV devices 0 0 Mean Difference (IV, Fixed, 95%
CI)

0.0 [0.0, 0.0]

10 Death before discharge 6 1237 Risk Ratio (M-H, Fixed, 95% CI) 0.69 [0.48, 0.99]

10.1 Ventilator-generated NIPPV 4 241 Risk Ratio (M-H, Fixed, 95% CI) 0.38 [0.18, 0.81]

10.2 Bilevel NIPPV 1 136 Risk Ratio (M-H, Fixed, 95% CI) 0.62 [0.15, 2.48]

10.3 Mixed NIPPV devices 1 860 Risk Ratio (M-H, Fixed, 95% CI) 0.85 [0.55, 1.31]

 
 

Analysis 8.1.   Comparison 8 NIPPV versus NCPAP (ventilator-generated
NIPPV vs bilevel NIPPV), Outcome 1 Respiratory failure post extubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.1.1 Ventilator-generated NIPPV  

Barrington 2001 4/27 12/27 4.07% 0.33[0.12,0.9]

Friedlich 1999 1/22 7/19 2.55% 0.12[0.02,0.91]

Gao 2010 6/25 15/25 5.09% 0.4[0.19,0.86]

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Jasani 2016 6/31 9/32 3.01% 0.69[0.28,1.7]

Kahramaner 2014 5/39 10/28 3.95% 0.36[0.14,0.94]

Khalaf 2001 2/34 12/30 4.33% 0.15[0.04,0.6]

Khorana 2008 2/24 4/24 1.36% 0.5[0.1,2.48]

Moretti 2008 2/32 12/31 4.14% 0.16[0.04,0.66]

Subtotal (95% CI) 234 216 28.48% 0.32[0.22,0.47]

Total events: 28 (NIPPV), 81 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=6.32, df=7(P=0.5); I2=0%  

Test for overall effect: Z=5.79(P<0.0001)  

   

8.1.2 Bilevel NIPPV  

O'Brien 2012 22/67 29/69 9.69% 0.78[0.5,1.21]

Subtotal (95% CI) 67 69 9.69% 0.78[0.5,1.21]

Total events: 22 (NIPPV), 29 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

   

8.1.3 Mixed NIPPV devices  

Kirpalani 2013 156/423 182/422 61.82% 0.86[0.72,1.01]

Subtotal (95% CI) 423 422 61.82% 0.86[0.72,1.01]

Total events: 156 (NIPPV), 182 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.85(P=0.06)  

   

Total (95% CI) 724 707 100% 0.7[0.6,0.8]

Total events: 206 (NIPPV), 292 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=23.88, df=9(P=0); I2=62.31%  

Test for overall effect: Z=4.96(P<0.0001)  

Test for subgroup differences: Chi2=21.03, df=1 (P<0.0001), I2=90.49%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 8.2.   Comparison 8 NIPPV versus NCPAP (ventilator-generated NIPPV vs bilevel
NIPPV), Outcome 2 Endotracheal re-intubation during the week post extubation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.2.1 Ventilator-generated NIPPV  

Barrington 2001 3/27 3/27 1.08% 1[0.22,4.52]

Friedlich 1999 1/22 1/19 0.39% 0.86[0.06,12.89]

Gao 2010 6/25 15/25 5.41% 0.4[0.19,0.86]

Jasani 2016 6/31 9/32 3.2% 0.69[0.28,1.7]

Kahramaner 2014 5/39 10/28 4.2% 0.36[0.14,0.94]

Khalaf 2001 2/34 10/30 3.83% 0.18[0.04,0.74]

Khorana 2008 2/24 4/24 1.44% 0.5[0.1,2.48]

Moretti 2008 2/32 12/31 4.4% 0.16[0.04,0.66]

Subtotal (95% CI) 234 216 23.95% 0.39[0.26,0.59]

Total events: 27 (NIPPV), 64 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=6.11, df=7(P=0.53); I2=0%  

Test for overall effect: Z=4.56(P<0.0001)  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

8.2.2 Bilevel NIPPV  

O'Brien 2012 22/67 29/69 10.31% 0.78[0.5,1.21]

Subtotal (95% CI) 67 69 10.31% 0.78[0.5,1.21]

Total events: 22 (NIPPV), 29 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.1(P=0.27)  

   

8.2.3 Mixed NIPPV devices  

Kirpalani 2013 156/423 182/422 65.74% 0.86[0.72,1.01]

Subtotal (95% CI) 423 422 65.74% 0.86[0.72,1.01]

Total events: 156 (NIPPV), 182 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.85(P=0.06)  

   

Total (95% CI) 724 707 100% 0.74[0.64,0.85]

Total events: 205 (NIPPV), 275 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=16.42, df=9(P=0.06); I2=45.18%  

Test for overall effect: Z=4.14(P<0.0001)  

Test for subgroup differences: Chi2=12.34, df=1 (P=0), I2=83.8%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 8.3.   Comparison 8 NIPPV versus NCPAP (ventilator-generated NIPPV
vs bilevel NIPPV), Outcome 3 Abdominal distension requiring cessation of feeds.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.3.1 Ventilator-generated NIPPV  

Barrington 2001 10/27 6/27 92.14% 1.67[0.71,3.94]

Friedlich 1999 0/22 0/19   Not estimable

Khalaf 2001 1/21 0/20 7.86% 2.86[0.12,66.44]

Subtotal (95% CI) 70 66 100% 1.76[0.77,4.05]

Total events: 11 (NIPPV), 6 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=1.33(P=0.18)  

   

8.3.2 Bilevel NIPPV  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

8.3.3 Mixed NIPPV devices  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 70 66 100% 1.76[0.77,4.05]

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Total events: 11 (NIPPV), 6 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=1.33(P=0.18)  

Test for subgroup differences: Not applicable  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 8.4.   Comparison 8 NIPPV versus NCPAP (ventilator-generated
NIPPV vs bilevel NIPPV), Outcome 4 Gastrointestinal perforation.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.4.1 Ventilator-generated NIPPV  

Barrington 2001 0/27 0/27   Not estimable

Friedlich 1999 0/22 0/19   Not estimable

Kahramaner 2014 0/39 0/28   Not estimable

Khalaf 2001 0/34 0/30   Not estimable

Khorana 2008 0/24 0/24   Not estimable

Kirpalani 2013 33/430 35/429 100% 0.94[0.6,1.48]

Subtotal (95% CI) 576 557 100% 0.94[0.6,1.48]

Total events: 33 (NIPPV), 35 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.26(P=0.79)  

   

8.4.2 Bilevel NIPPV  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

8.4.3 Mixed NIPPV devices  

Subtotal (95% CI) 0 0 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total (95% CI) 576 557 100% 0.94[0.6,1.48]

Total events: 33 (NIPPV), 35 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=0.26(P=0.79)  

Test for subgroup differences: Chi2=0, df=1 (P<0.0001), I2=100%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Analysis 8.5.   Comparison 8 NIPPV versus NCPAP (ventilator-
generated NIPPV vs bilevel NIPPV), Outcome 5 Necrotising enterocolitis.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.5.1 Ventilator-generated NIPPV  

Friedlich 1999 0/22 0/19   Not estimable

Kahramaner 2014 2/39 2/28 3.05% 0.72[0.11,4.79]

Khorana 2008 1/24 3/24 3.93% 0.33[0.04,2.98]

Moretti 2008 2/32 2/31 2.66% 0.97[0.15,6.46]

Subtotal (95% CI) 117 102 9.64% 0.63[0.21,1.93]

Total events: 5 (NIPPV), 7 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.54, df=2(P=0.76); I2=0%  

Test for overall effect: Z=0.81(P=0.42)  

   

8.5.2 Bilevel NIPPV  

O'Brien 2012 7/67 7/69 9.04% 1.03[0.38,2.78]

Subtotal (95% CI) 67 69 9.04% 1.03[0.38,2.78]

Total events: 7 (NIPPV), 7 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.06(P=0.95)  

   

8.5.3 Mixed NIPPV devices  

Kirpalani 2013 55/430 62/429 81.32% 0.89[0.63,1.24]

Subtotal (95% CI) 430 429 81.32% 0.89[0.63,1.24]

Total events: 55 (NIPPV), 62 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.71(P=0.48)  

   

Total (95% CI) 614 600 100% 0.87[0.64,1.19]

Total events: 67 (NIPPV), 76 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.91, df=4(P=0.92); I2=0%  

Test for overall effect: Z=0.86(P=0.39)  

Test for subgroup differences: Chi2=0.44, df=1 (P=0.8), I2=0%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 8.6.   Comparison 8 NIPPV versus NCPAP (ventilator-generated NIPPV vs
bilevel NIPPV), Outcome 6 Chronic lung disease (oxygen supplementation at 36 weeks).

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.6.1 Ventilator-generated NIPPV  

Barrington 2001 12/27 15/27 7.24% 0.8[0.47,1.37]

Jasani 2016 2/29 9/28 4.42% 0.21[0.05,0.91]

Kahramaner 2014 16/36 8/24 4.63% 1.33[0.68,2.61]

Khalaf 2001 12/34 16/30 8.2% 0.66[0.38,1.16]

Moretti 2008 2/32 7/31 3.43% 0.28[0.06,1.23]

Subtotal (95% CI) 158 140 27.93% 0.69[0.5,0.95]

Total events: 44 (NIPPV), 55 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=7.94, df=4(P=0.09); I2=49.62%  

Test for overall effect: Z=2.26(P=0.02)  
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.6.2 Bilevel NIPPV  

O'Brien 2012 21/64 22/64 10.62% 0.95[0.59,1.55]

Subtotal (95% CI) 64 64 10.62% 0.95[0.59,1.55]

Total events: 21 (NIPPV), 22 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.19(P=0.85)  

   

8.6.3 Mixed NIPPV devices  

Kirpalani 2013 139/378 125/364 61.46% 1.07[0.88,1.3]

Subtotal (95% CI) 378 364 61.46% 1.07[0.88,1.3]

Total events: 139 (NIPPV), 125 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.69(P=0.49)  

   

Total (95% CI) 600 568 100% 0.95[0.81,1.11]

Total events: 204 (NIPPV), 202 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=11.1, df=6(P=0.09); I2=45.94%  

Test for overall effect: Z=0.61(P=0.54)  

Test for subgroup differences: Chi2=5.25, df=1 (P=0.07), I2=61.91%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 8.7.   Comparison 8 NIPPV versus NCPAP (ventilator-
generated NIPPV vs bilevel NIPPV), Outcome 7 Pulmonary air leak.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.7.1 Ventilator-generated NIPPV  

Gao 2010 4/25 8/25 21.43% 0.5[0.17,1.45]

Jasani 2016 1/31 3/32 7.91% 0.34[0.04,3.13]

Kahramaner 2014 1/39 2/28 6.24% 0.36[0.03,3.77]

Moretti 2008 1/32 6/31 16.33% 0.16[0.02,1.26]

Subtotal (95% CI) 127 116 51.9% 0.35[0.16,0.79]

Total events: 7 (NIPPV), 19 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=0.97, df=3(P=0.81); I2=0%  

Test for overall effect: Z=2.52(P=0.01)  

   

8.7.2 Bilevel NIPPV  

O'Brien 2012 0/67 0/69   Not estimable

Subtotal (95% CI) 67 69 Not estimable

Total events: 0 (NIPPV), 0 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

8.7.3 Mixed NIPPV devices  

Kirpalani 2013 11/424 18/426 48.1% 0.61[0.29,1.28]

Subtotal (95% CI) 424 426 48.1% 0.61[0.29,1.28]

Total events: 11 (NIPPV), 18 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.3(P=0.2)  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

   

Total (95% CI) 618 611 100% 0.48[0.28,0.82]

Total events: 18 (NIPPV), 37 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=1.66, df=4(P=0.8); I2=0%  

Test for overall effect: Z=2.67(P=0.01)  

Test for subgroup differences: Chi2=0.98, df=1 (P=0.32), I2=0%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 
 

Analysis 8.8.   Comparison 8 NIPPV versus NCPAP (ventilator-generated
NIPPV vs bilevel NIPPV), Outcome 8 Rates of apnoea (episodes/24 h).

Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

8.8.1 Ventilator-generated NIPPV  

Barrington 2001 27 5.1 (4.4) 27 8.2 (12) 100% -3.1[-7.92,1.72]

Subtotal *** 27   27   100% -3.1[-7.92,1.72]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

   

8.8.2 Bilevel NIPPV  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

8.8.3 Mixed NIPPV devices  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 27   27   100% -3.1[-7.92,1.72]

Heterogeneity: Not applicable  

Test for overall effect: Z=1.26(P=0.21)  

Test for subgroup differences: Not applicable  

Favours NIPPV 10050-100 -50 0 Favours NCPAP

 
 

Analysis 8.9.   Comparison 8 NIPPV versus NCPAP (ventilator-generated
NIPPV vs bilevel NIPPV), Outcome 9 Duration of hospitalisation (days).

Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

8.9.1 Ventilator-generated NIPPV  

Barrington 2001 27 86 (23) 27 92 (26) 4.32% -6[-19.09,7.09]

Jasani 2016 31 33.3 (18.4) 32 36.8 (16.8) 9.75% -3.48[-12.2,5.24]

Khalaf 2001 34 72 (46.7) 30 76 (43.8) 1.51% -4[-26.18,18.18]

Moretti 2008 32 62 (6) 31 58 (6) 84.41% 4[1.04,6.96]

Subtotal *** 124   120   100% 2.72[-0.01,5.44]

Heterogeneity: Tau2=0; Chi2=4.72, df=3(P=0.19); I2=36.38%  

Favours NIPPV 10050-100 -50 0 Favours NCPAP
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Study or subgroup NIPPV NCPAP Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Fixed, 95% CI   Fixed, 95% CI

Test for overall effect: Z=1.96(P=0.05)  

   

8.9.2 Bilevel NIPPV  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

8.9.3 Mixed NIPPV devices  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

Total *** 124   120   100% 2.72[-0.01,5.44]

Heterogeneity: Tau2=0; Chi2=4.72, df=3(P=0.19); I2=36.38%  

Test for overall effect: Z=1.96(P=0.05)  

Test for subgroup differences: Not applicable  

Favours NIPPV 10050-100 -50 0 Favours NCPAP

 
 

Analysis 8.10.   Comparison 8 NIPPV versus NCPAP (ventilator-
generated NIPPV vs bilevel NIPPV), Outcome 10 Death before discharge.

Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

8.10.1 Ventilator-generated NIPPV  

Jasani 2016 2/31 4/32 5.99% 0.52[0.1,2.62]

Kahramaner 2014 3/39 11/28 19.49% 0.2[0.06,0.64]

Khorana 2008 0/24 0/24   Not estimable

Moretti 2008 3/32 3/31 4.64% 0.97[0.21,4.44]

Subtotal (95% CI) 126 115 30.11% 0.38[0.18,0.81]

Total events: 8 (NIPPV), 18 (NCPAP)  

Heterogeneity: Tau2=0; Chi2=2.8, df=2(P=0.25); I2=28.61%  

Test for overall effect: Z=2.49(P=0.01)  

   

8.10.2 Bilevel NIPPV  

O'Brien 2012 3/67 5/69 7.5% 0.62[0.15,2.48]

Subtotal (95% CI) 67 69 7.5% 0.62[0.15,2.48]

Total events: 3 (NIPPV), 5 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.68(P=0.5)  

   

8.10.3 Mixed NIPPV devices  

Kirpalani 2013 35/430 41/430 62.39% 0.85[0.55,1.31]

Subtotal (95% CI) 430 430 62.39% 0.85[0.55,1.31]

Total events: 35 (NIPPV), 41 (NCPAP)  

Heterogeneity: Not applicable  

Test for overall effect: Z=0.72(P=0.47)  

   

Total (95% CI) 623 614 100% 0.69[0.48,0.99]

Total events: 46 (NIPPV), 64 (NCPAP)  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP
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Study or subgroup NIPPV NCPAP Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Fixed, 95% CI   M-H, Fixed, 95% CI

Heterogeneity: Tau2=0; Chi2=5.64, df=4(P=0.23); I2=29.09%  

Test for overall effect: Z=2.01(P=0.04)  

Test for subgroup differences: Chi2=3.33, df=1 (P=0.19), I2=39.89%  

Favours NIPPV 1000.01 100.1 1 Favours NCPAP

 

 

A P P E N D I C E S

Appendix 1. Standard search methods

PubMed: ((infant, newborn[MeSH] OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or infan*
or neonat*) AND (randomized controlled trial [pt] OR controlled clinical trial [pt] OR Clinical Trial[ptyp] OR randomized [tiab] OR placebo
[tiab] OR clinical trials as topic [mesh: noexp] OR randomly [tiab] OR trial [ti]) NOT (animals [mh] NOT humans [mh]))

Embase: (infant, newborn or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW
or Newborn or infan* or neonat*) AND (human not animal) AND (randomized controlled trial or controlled clinical trial or randomized or
placebo or clinical trials as topic or randomly or trial or clinical trial)

CINAHL: (infant, newborn OR newborn OR neonate OR neonatal OR premature OR low birth weight OR VLBW OR LBW or Newborn or infan*
or neonat*) AND (randomized controlled trial OR controlled clinical trial OR randomized OR placebo OR clinical trials as topic OR randomly
OR trial OR PT clinical trial)

Cochrane Library: (infant or newborn or neonate or neonatal or premature or very low birth weight or low birth weight or VLBW or LBW)

W H A T ' S   N E W

 

Date Event Description

28 September 2015 New search has been performed Two new studies were added to the meta-analysis.

28 September 2015 New citation required but conclusions
have not changed

Search was updated 28 September 2015.

 

H I S T O R Y

Protocol first published: Issue 4, 1999
Review first published: Issue 3, 2001

 

Date Event Description

23 June 2008 New search has been performed This review updated the previous version of "Nasal intermittent
positive pressure ventilation (NIPPV) versus nasal continuous
positive airway pressure NCPAP) for preterm infants after extu-
bation," which was last updated in the Cochrane Library, Issue 3,
2003 (Davis 2003).
 
A repeat literature search found no new trials eligible for inclu-
sion. No substantive changes have been made to the review. One
potentially eligible trial (Yllescas 2004) was presented at APS and
may be included in a future update.
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Date Event Description

14 April 2008 Amended The review was converted to new review format.

14 April 2003 New search has been performed A repeat literature search showed no new trials eligible for inclu-
sion; no substantive changes were made to the review. 

9 May 2001 New citation required and conclusions
have changed

This was a new review.
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Medical Subject Headings (MeSH)

*Infant, Premature;  Dilatation, Pathologic  [etiology];  Enterocolitis, Necrotizing  [etiology];  Intermittent Positive-Pressure Ventilation
 [adverse eIects];  Intubation, Intratracheal;  Positive-Pressure Respiration  [adverse eIects]  [*methods]  [mortality];  Randomized
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MeSH check words

Humans; Infant, Newborn
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