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ABSTRACT
Background

Acute hypoxaemic respiratory failure (AHRF) is an important cause of mortality and morbidity in children. Positive pressure ventilation
is currently the standard care, however, it does have complications. Continuous negative extrathoracic pressure (CNEP) ventilation or
continuous positive airway pressure (CPAP) ventilation delivered via non-invasive approaches (Ni-CPAP) have shown certain beneficial
effects in animal and uncontrolled human studies.

Objectives

To assess the effectiveness of CNEP or Ni-CPAP compared to conventional ventilation in children (at least one month old and less
than 18 years of age) with AHRF due to non-cardiogenic causes for improving the mortality or morbidity associated with AHRF.

Search methods

We searched CENTRAL 2013, Issue 6, MEDLINE (January 1966 to June week 3, 2013), EMBASE (1980 to July 2013) and CINAHL
(1982 to July 2013).

Selection criteria

Randomised or quasi-randomised clinical trials of CNEP or Ni-CPAP versus standard therapy (including positive pressure ventilation)
involving children (from one month old to less than 18 years at time of randomisation) who met the criteria for diagnosis of AHRF

with at least one of the outcomes reported.
Data collection and analysis

We assessed risk of bias of the included studies using allocation concealment, blinding of intervention, completeness of follow-up and
blinding of outcome measurements. We abstracted data on relevant outcomes and estimated the effect size by calculating risk ratio

(RR) and risk difference (RD) with 95% confidence intervals (CI).
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Main results

We identified two eligible studies: one of CPAP and one of CNEP (published as an abstract). Both were unblinded studies with mainly
unclear risk of bias due to lack of adequate information to assess this. The CPAP study enrolled 37 children to oxygen mask and CPAP
and reported improvement in respiratory rate and oxygen saturation in both arms after 30 minutes of application. The CNEP study
was published as an abstract and included 33 infants with bronchiolitis. In the CNEP study there was a reduction in the fraction of
inspired oxygen (FiO,) (less than 30% within one hour of initiation of therapy) in four participants in the CNEP group compared
to none in the control group (RR 10.7, 95% CI 0.6 to 183.9). One infant required CPAP and mechanical ventilation in the control
group while all infants in the CNEP group were managed without intubation (RR for both outcomes 0.40, 95% CI 0.02 to 9.06).
None of the trials reported on mortality. No adverse events were reported in ether of the included trials.

Authors’ conclusions

There is a lack of well-designed, controlled trials of non-invasive modes of respiratory support in children with AHRE Studies assessing
the outcomes mortality, avoidance of intubation and its associated complications, hospital stay and patient comfort are needed.

PLAIN LANGUAGE SUMMARY

Continuous negative extrathoracic pressure or continuous positive airway pressure for children with acute respiratory failure
and shortage of oxygen

Children develop respiratory failure and shortage of oxygen when they have infectious or non-infectious respiratory illnesses. Continuous
negative extrathoracic pressure (CNEP) which keeps lungs open by creating negative pressure on the chest or continuous positive airway
pressure (CPAP) which keeps lungs open by delivering positive pressure in the lungs during all phases of breathing are used to help
increase blood oxygen levels in respiratory failure and thereby reduce organ damage and risk of death. However, the safety and efficacy
of these methods of respiratory support are uncertain. The searches for this review were updated in July 2013.

We included two studies in the review: one study of CNEP included 33 participants younger than one year old who had bronchiolitis
and one study of CPAP included 37 participants who had dengue fever related illness. Both studies reported short-term improvements
but no reports of clinically significant outcomes are available. With a small number of patients in both studies, the safety of either
approach could not be evaluated. Both studies have methodological issues and were under-powered (had too few patients to detect a
significant difference). No adverse events were reported in ether of the included trials. Well-designed, multicentre, controlled studies
with adequate numbers of infants and which assess clinically important outcomes are needed, as we cannot comment on the safety of
the intervention as it was not evaluated in the current studies. The major limitation of this review is that it has a very limited number
of studies which include a very small sample of children.
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Continuous negative extrathoracic pressure ventilation compared with control for acute hypoxaemic respiratory failure in
children

Patient or population: children with acute hypoxaemic respiratory failure
Settings: hospital

Intervention: continuous negative extrathoracic pressure

Comparison: control

Outcomes Relative effect No. of participants Quality of the evidence
(95%Cl) (studies) (GRADE)
Less than 30% FiO, after 1 RR10.69 (0.62 to 183.85) 33 (1) SO00O
hour of therapy very low 1.2
Intermittent positive pressure RR0.40 (0.02 to 9.06) 33 (1) SO0O
ventilation during hospital very low 1.3
stay
CPAP during hospital stay RR 0.40 (0.02 to 9.06) 33 (1) SOOO
very low 1.3

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and
may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is
likely to change the estimate.

Very low quality: We are very uncertain about the estimate.

CPAP = continuous positive extrathoracic pressure

FiO, = fraction of inspired oxygen

RR =randomised controlled trial

! = Very wide confidence intervals

2= The outcome is only reported after one hour of treatment which is a very short period for any clinically meaningful
assessment

3= Limitation in study design as the results are reported in an abstract and it was not possible to assess the study adequately
(see assessment of risk of biases)

BACKGROUND of AHREF is the major determinant of mortality rather than the
severity of AHREF itself (Peters 1998). Major causes of AHRF in
children include respiratory infection, non-infectious respiratory

L. . diseases and interstitial pneumonitis and associated multi-system

Description of the condition failure. Vulnerable children may be immunodeficient, born pre-

Acute hypoxaemic respiratory failure (AHRF) is associated with maturely or those with neuromuscular disorders.

high mortality and morbidity (Peters 1998). The underlying cause
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Description of the intervention

Management of AHRF requires treatment of the primary cause.
It also requires respiratory support, for which there are various
methods including oxygen administration, continuous distending
pressure (CDP) ventilation or both. CDP can be applied via posi-
tive or negative pressure ventilation. Positive pressure support can
be achieved by non-invasive or invasive continuous positive air-
way pressure (Ni-CPAP or iCPAP) or positive pressure ventilation
(PPV). CPAP is achieved with a face mask, nasal prongs, nasopha-
ryngeal tube or endotracheal tube using a conventional ventilator
or CPAP driver. PPV is achieved via an endotracheal tube attached
to a conventional ventilator.

The purpose of CPAP is to avoid airway collapse even during
the expiration phase in order to improve oxygenation (Alexander
1979). It reduces mortality and the rate of intubation in patients
with cardiogenic pulmonary oedema (Pang 1998). Earlier use of
CPAP was shown to be effective in increasing oxygenation in
preterm infants with hyaline membrane disease (Allen 1977). De-
livered via an endotracheal tube, CPAP became the most widely
used form of respiratory support. More recently, with modern, of-
ten micro-processor-controlled, continuous negative pressure ven-
tilators, CPAP has been delivered without endotracheal intuba-
tion.

How the intervention might work

Continuous negative extrathoracic pressure ventilation (CNEP)
is an alternative, non-invasive form of respiratory support. It is
applied externally to the thorax using a negative pressure chamber
with a seal around the neck to produce lung distension. CNEP was
the only way of providing respiratory support prior to the advent
of modern ventilators (Woollam 1976a; Woollam 1976b). In a
piglet model of acute lung injury, both CNEP and positive end
expiratory pressure (PEEP) were found to have similar effects on
pulmonary function and the cardiovascular system (Easa 1994).
Skaburskis 1987 demonstrated in a dog model of acute lung in-
jury that CNEP provided similar improvements to positive end
expiratory pressure ventilation in oxygenation without cardiac de-
pression. Adams 1992 showed that CNEP improved oxygenation
with maintenance of cardiac output in piglets with normal lungs.
CNEP reduced the risks associated with intubation such as the
introduction of pathogens into the lungs, impedance to venous
return to heart and pulmonary circulation, and the subsequent
increase in pulmonary vascular resistance (Raine 1993). Success-
ful use of CNEP has been reported in patients with central hy-
poventilation (Hartmann 1994b), cystic fibrosis (Klonin 2000),
postcardiac surgery (Penny 1991) and patients with phrenic nerve
palsy (Raine 1992). The disadvantages of CNEP include techni-
cal difficulties, obstructed venous flow from the upper half of the
body due to the neck seal and difficult access for care of the patient
(McGettigan 1998).

Why it is important to do this review

A previous systematic review showed that continuous distending
pressure (CPAP or CNEP) for respiratory distress syndrome in
neonates reduced mortality in preterm infants despite an increased
rate of pneumothoraces (Ho 2010). They included three stud-
ies of CNEP (pressure varied between 4 and 14 cm) and three
studies of CPAP (applied via face mask) in their review. Uncon-
trolled clinical trials have shown beneficial effects of CNEP with
or without assisted ventilation (Chernick 1972; Cvetnic 1990;
Outerbridge 1972). A cross-over trial of intermittent mandatory
ventilation with CNEP compared with PEEP for neonatal hypox-
aemia showed that rescue therapy with CNEP was effective in in-
fants with refractory hypoxaemia and may avoid extracorporeal life
support therapy (Cvetnic 1992). Gappa 1994 observed improve-
ments in pulmonary mechanics in infants recovering from neona-
tal respiratory distress syndrome. CNEP may avoid the need for
extracorporeal life support in infants with severe lung disease and
pulmonary hypertension (Sills 1989). In adults, CNEP was shown
to be associated with side effects such as apnoea or hypopnoea
(Levy 1992), lower oesophageal sphincter dysfunction (Marino
1992), predisposition to the risk of aspiration and increased ve-
nous return (Borelli 1998). These side effects can be harmful to
children with certain disorders such as Duchenne muscular dys-
trophy.

We undertook this review because the use of CNEP or Ni-CPAP
compared to PPV for AHRF has not previously been systematically
evaluated in terms of relative effectiveness in children.

OBJECTIVES

To assess the effectiveness of CNEP or Ni-CPAP compared to
conventional ventilation in children (at least one month old and
less than 18 years of age) with AHRF due to non-cardiogenic
causes for improving the mortality or morbidity associated with

AHRE

AHREF was defined by any of the following definitions:

1. alveolar-arterial oxygenation gradient more than 100; or

2. arterial oxygen tension (PaO,)/fraction of inspired oxygen
(FiO3) ratio less than 200 in the presence of respiratory
symptoms; or

3. PaO; less than 10 kPa with an FiO; more than 0.5 with
bilateral diffuse infiltrates on chest X-ray in the absence of
cardiogenic causes.

METHODS

Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute 4
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Criteria for considering studies for this review

Types of studies

We included prospective randomised controlled trials (RCTs) or
quasi-RCTs comparing CNEP (all forms of CNEP: constant pres-
sure, variable pressure or either) or Ni-CPAP with standard ther-
apy (PPV with endotracheal intubation) in AHRE We also in-
tended to include studies with multiple cross-over arms. We in-
cluded results from published abstracts.

Types of participants

Children (at least one month old and less than 18 years) at the
time of onset of therapy who had AHREF as outlined above.

Types of interventions

CNEDP via a chamber enclosing the thorax and lower body with
or without associated assisted PPV or Ni-CPAP by mask, nasal
prong or nasopharyngeal tube (without assisted PPV) compared
with standard care (including PPV with endotracheal intubation).
We included all studies with a comparison of CNEP and PPV

irrespective of pressure applied.

Types of outcome measures

Primary outcomes

1. Mortality (both early and late, defined as less than and
greater than 30 days after the diagnosis).

2. Improvement in oxygenation (at 24-hourly intervals up to
one week) as measured by oxygenation index (mean airway
pressure x fractional concentration of oxygen x 100)/arterial
oxygen tension (PaO,)) and hypoxia score (arterial oxygen
tension/fractional inspired oxygen concentration ratio (PaO5/
FiO,)) or improvement in PaO, with reduction of FiO, after
starting the therapy.

3. Failure (use of any additional form of assisted ventilation).

Secondary outcomes

1. Improvement in partial pressure of carbon dioxide in
arterial blood (PaCQO5).

2. Pulmonary morbidity as judged by pulmonary air leak (any
air leak, gross air leak including pneumothorax) and duration of
oxygen therapy.

3. Number of apnocic episodes.

4. Episodes of aspiration pneumonia.

5. Development of cardiovascular compromise leading to
congestive heart failure.

6. Skin ulceration or destruction of nasal columella associated
with CPAP with nasal prongs.

7. Duration of stay in the intensive care unit (ICU).

8. Duration of stay in the hospital.

9. Long-term survival, neurodevelopmental outcomes and
health-related quality of life as defined by the primary authors.
These outcomes included all the possible and clinically relevant
outcomes associated with AHRF in children. Oxygenation index
and hypoxia score (PaO,/FiO,) were used as outcome measure-
ments, as the former takes into account the extent of mechanical
ventilation support needed, while the latter indicates the degree
of intrapulmonary oxygen exchange.

Search methods for identification of studies

Electronic searches

For this 2013 update we searched the Cochrane Central Register
of Controlled Trials (CENTRAL) (The Cochrane Library 2013,
Issue 6) which contains the Cochrane Acute Respiratory Infec-
tions Group’s Specialised Register, MEDLINE (January 2011 to
June week 3, 2013), EMBASE (January 2011 to July 2013) and
CINAHL (January 2011 to July 2013). The previous update was
in January 2011.

We combined the MEDLINE search with the Cochrane Highly
Sensitive Search Strategy for identifying randomised trials in
MEDLINE: sensitivity- and precision-maximising version (2008
revision); Ovid format (Lefebvre 2011). We also combined the
search with the search strategy developed by Boluyt 2008 to iden-
tify child studies. See Appendix 1 for details of the CENTRAL
and MEDLINE search strategy used in this update. We adapted
the search strategy for EMBASE (Appendix 2) and CINAHL
(Appendix 3). The MEDLINE search strategy used prior to the
2011 update is in Appendix 4.

Searching other resources

We searched Clinical Trials.gov and WHO ICTRP for completed
and ongoing trials (2 July 2013). We also searched published ab-
stracts from the meetings of the American Thoracic Society and Pe-
diatric Critical Care Meetings (1992 to 2010) and bibliographies
of identified articles, and we contacted field experts. We imposed
no language or publications restrictions. Two review authors (PS,
AO) independently reviewed the searches, evaluated the titles and
abstracts of all identified studies, and retrieved full texts for assess-
ment. We reached agreement by consensus, or the third review
author (JS) resolved the disagreement. All three review authors
verified data entry into the Review Manager software (RevMan
2012).

Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute 5
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Data collection and analysis

Selection of studies

We reached agreement about trial inclusion by consensus. One au-
thor (PS) selected articles from an initial list of articles for detailed
evaluation. Two authors (PS, AO) performed a detailed evalua-
tion of selected studies and resolved discrepancies by involving the

third author (JS).

Data extraction and management

Two review authors (PS, JS) independently extracted data us-
ing custom-designed data collection forms. A third review author

(AO) resolved discrepancies.

Assessment of risk of bias in included studies

Each review author performed an independent assessment of trials
for methodological quality according to the Cochrane Handbook
Jfor Systematic Reviews of Interventions (Higgins 2011). We inde-
pendently assessed each identified trial for methodological qual-
ity with respect to: random sequence generation, allocation con-
cealment, blinding of participants and personnel, incomplete out-
come data, selective reporting and other bias. We included this
information in the Characteristics of included studies table and
completed the "Risk of bias’ tables, addressing the above method-
ological issues.
1. Random sequence generation. For each included study, we de-
scribed the method used to generate the allocation sequence as:

e low risk of bias (any truly random process, for example,
random number table, computer random number generator);

e high risk of bias (any non-random process, for example,
odd or even date of birth, hospital or clinic record number); or

e unclear risk of bias (insufficient information about the
sequence generation process to permit judgement of ’low risk’ or

high risk’).

2. Allocation concealment. For each included study, we described
the method used to conceal the allocation sequence as:

e low risk of bias (for example, telephone or central
randomisation, consecutively numbered, sealed, opaque
envelopes);

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

e unclear risk of bias (insufficient information to permit
judgement of ’low risk” or "high risk’).

3. Blinding of participants, personnel and outcome assessors. For
each included study, we described the methods used to blind study
participants and personnel from knowledge of which intervention
a participant received. We assessed the methods as:

o low risk of bias, high risk of bias or unclear risk of bias for
participants;

o low risk of bias, high risk of bias or unclear risk of bias for
study personnel; and

o low risk of bias, high risk of bias or unclear risk of bias for
outcome assessors and specific outcomes assessed.

4. Incomplete outcome data. For each included study and for
each outcome we described the completeness of data including
attrition and exclusions from the analysis. We addressed whether
attrition and exclusions were reported, the numbers included in
the analysis at each stage (compared with the total randomised
participants), reasons for attrition or exclusion where reported,
and whether missing data were balanced across groups or were
related to outcomes. We assessed methods as:

e low risk of bias (< 20% missing data);

e high risk of bias (> 20% missing data); or

o unclear risk of bias.

5. Selective outcome reporting. For each included study, we as-
sessed the possibility of selective outcome reporting bias as:

o low risk of bias (where it is clear that all of the study’s pre-
specified outcomes and all expected outcomes of interest to the
review have been reported);

e high risk of bias (where not all the study’s pre-specified
outcomes have been reported, one or more reported primary
outcomes were not pre-specified, outcomes of interest are
reported incompletely and so cannot be used, study fails to
include results of a key outcome that would have been expected
to have been reported); or

o unclear risk of bias.

6. Other sources of bias. For each included study, we noted any
important concerns regarding other possible sources of bias (for
example, whether there was a potential source of bias related to
the specific study design). We assessed whether each study was free
of other problems that could put it at risk of bias as follows:

o yes (low risk of bias);

e 1o (high risk of bias); or

e unclear risk of bias.

Measures of treatment effect

We used RevMan 5.2 (RevMan 2012) for statistical analysis.
We used the statistical parameters risk ratio (RR), risk difference
(RD), number needed to treat for an additional beneficial out-
come (NNTB), number needed to treat for an additional harmful
outcome (NNTH) and mean difference (MD) when appropriate.
We used 95% confidence intervals (Cls) for estimates of treatment
effects.

Unit of analysis issues

Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute 6
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We used data from one patient only once, even if the patient
received the intervention more than once, to avoid dependency of
data.

Dealing with missing data

We contacted primary trial authors for missing information; how-

ever, we did not receive any response.

Assessment of heterogeneity

Clinical heterogeneity is described in the Characteristics of
included studies table. We tested for study heterogeneity using
the I? statistic, to assess the appropriateness of combining studies.
Because of significant heterogeneity between the two trials with
respect to the intervention, we did not combine them in meta-

analyses.

Assessment of reporting biases

We planned to use funnel plots to assess for publication bias if
appropriate.

Data synthesis

We synthesised data using the standard methods of the Cochrane
Acute Respiratory Infections Group (ARI Group). We included
the RR, RD, NNTB and NNTH, derived from 1/RD. We cal-
culated the MD for continuous outcomes. We analyzed studies
using the fixed-effect model with the Cochrane RevMan 5.2 soft-
ware (RevMan 2012). As studies were heterogeneous, we did not
undertake meta-analyses but descriptively summarised the results.

Subgroup analysis and investigation of heterogeneity

We planned to perform subgroup analyses on the basis of aetiol-
ogy of AHRF and according to types of therapy, i.e. CNEP and
Ni-CPAP. We planned to undertake a sensitivity analysis by trial
quality (randomised or quasi-randomised). We planned a priori
subgroup analyses as follows:

1. children with acute respiratory failure with no underlying
illness;

2. children with respiratory failure with underlying conditions
(we planned to divide this group into further groups if sufficient
numbers of children were found in any group, such as children
with neuromuscular diseases, restrictive or obstructive lung
diseases, and children with immunodeficiency);

3. if a sufficient number of studies using a similar pressure of
CNEDP or PPV were available, we planned a subgroup analysis
with an arbitrary cut-off level of studies comparing CPAP greater
than 5 and CPAP less than or equal to 5, and CNEP greater than
15 cm of water and less than or equal to 15 cm of water; and

4. Ni-CPAP given via various methods.

Sensitivity analysis

If required, we planned a sensitivity analysis based on indication
and method of non-invasive support.

RESULTS

Description of studies

Results of the search

From the initial search we screened 197 titles and for further de-
termination of eligibility, we read their abstracts. We retrieved 18
studies for detailed evaluation and of these two studies met the
eligibility criteria (Cam 2002; Hartmann 1994a). In this review
update we retrieved 182 records from the searches of the electronic
literature. However, no trials were eligible for inclusion.

Included studies

The Cam 2002 study included 37 children (18 received CPAP
and 18 received oxygen via mask) who had dengue shock syn-
drome. The inclusion criteria were infants with a clinical diagnosis
of dengue shock syndrome who had acute respiratory failure, de-
fined as failure to respond to 40% oxygen given via nasal cannula,
evidenced by (a) cyanosis, oxygen saturation < 93 or PaO, < 70
mm Hg; (b) respiratory rate > 50 breaths/minute; or (c) severe
chest retraction and nasal flaring. CPAP was started at 6 cm water
pressure delivered through a Beneviste valve connected to binasal
prongs ata FiO; of 60%. The oxygen mask group received oxygen
via a face mask with reservoir bag at a flow rate of 6 to 8 /min
resulting in a FiO; of 60% to 80%. The management of infants
in both groups remained similar except for the intervention. The
outcome reported was stabilisation of the participant with a PaO,
> 80 mm Hg after 30 minutes of treatment.

The Hartmann 1994a study was published in abstract form and
included 33 infants (15 received CNEP and 18 were controls) un-
der one year of age. The inclusion criteria were a clinical diagnosis
of bronchiolitis and oxygen requirement of greater than or equal
to 40% to maintain oxygen saturation between 96% and 99%.
CNEP was started at -6 cm water pressure. Weaning from CNEP
was left at the discretion of the clinicians. The management of
infants in the control group was unclear from the abstract. The
outcomes reported were reduction in oxygen requirement within
one hour of initiating the intervention, need for intubation or

CPAP, and duration of CNEP.
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Excluded studies

We identified two additional relevant reports (Linney 1997;
Samuels 1989); these were reports from a single institution. The
Linney 1997 study was published in abstract format. This was a re-
port of the use of CNEP ventilation in 27 infants with bronchioli-
tis. The study was performed in an uncontrolled manner without
randomisation. The Samuels 1989 study reported on 88 infants
and young children with respiratory failure due to various causes.
These patients received negative pressure ventilation via a purpose-
built respirator in a non-randomised fashion. Neither study met
the entry criteria specified a priori for this review. Neither of these
reports were of randomised or non-randomised studies.

In an updated search we identified one RCT of non-invasive posi-
tive pressure ventilation in children with lower airway obstruction
(Thill 2004). The children in this study did not meet the criteria
for acute hypoxaemic respiratory failure. In the subsequent review
update (Shah 2008) we identified a further eight studies relevant
to the objectives of the review (Codazzi 2006; Katz 2004; Padman
2004; Palombini 2004; Prado 2005; Rodriguez 2002; Shime 2006
Thia 2007). Of these eight, five studies were single-centre and sin-

gle-arm studies (Codazzi 2006; Padman 2004; Palombini 2004;
Prado 2005; Shime 2006) and one (Katz 2004) was a retrospective
case-control study. Rodriguez 2002 performed a RCT of CPAP in
patients with post-extubation laryngitis and Thia 2007 performed
a RCT of children with bronchiolitis and hypercapnia. Neither
of these two studies met the criteria for hypoxaemic respiratory
failure. In this current review update we identified another four
single-arm studies (Carretero 2008; Chidini 2010; Essouri 2008;
Stucki 2009) and one double-arm study (Sanabria 2008) com-
paring CPAP delivery by two methods (helmet versus mask). We
have provided the reasons for exclusion of these studies in the
Characteristics of excluded studies table.

Risk of bias in included studies

Both included studies in this review were open-label studies. The
risk of bias is summarised in Figure 1 and Figure 2. One was a study
of CPAP (Cam 2002) whereas the other was a study of CNEP
(Hartmann 1994a).

Figure |. ’Risk of bias’ graph: review authors’ judgements about each risk of bias item presented as
4 grap judag P
percentages across all included studies.

Fandom sequence generation (selection bias)
Allocation concealment (selection hias)
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Figure 2. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included
study.
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In Cam 2002 randomisation was performed using sealed envelopes
which were randomly numbered. This was an open-label trial.
Forty-eight participants were enrolled but 11 were later excluded
(two with pneumonia, three were comatose and six had negative
serodiagnosis of dengue fever). We reported outcomes for the re-
maining 37 infants.

In Hartmann 1994a the randomisation procedure was not re-
ported. Masking of the intervention was practically not possible,
and information regarding masking of assessment of outcome was
not provided in the abstract. Outcomes were reported for all in-
fants enrolled in the study but only some of the outcomes specified

in this review were reported.
Allocation
Cam 2002 stated that envelopes were randomly numbered,

whereas Hartmann 1994a did not provide information regarding
allocation generation.

Blinding

Neither studies masked the intervention.

Incomplete outcome data

Both studies reported data on all eligible infants.

Selective reporting

Cam 2002 reported data in the first 30 minutes after the interven-
tion for some of the outcomes. Hartmann 1994a reported data on
completion of the trial for some of the outcomes.

Other potential sources of bias

Data from Hartmann 1994a have not been published in full.
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Effects of interventions

See: Summary of findings for the main comparison Continuous
negative extrathoracic pressure ventilation compared with control
for acute hypoxaemic respiratory failure in children

Primary outcomes

1. Mortality

This outcome was not reported in either included trial.

2. Improvement in oxygenation

In the Cam 2002 study 37 children were enrolled (19 in the oxy-
gen mask group and 18 in the CPAP group). After 30 minutes
of starting the intervention, the respiratory rate decreased signif-
icantly in the CPAP group (a mean of 55 breaths/minute at the
start decreasing to a mean of 48 breaths/minute at the end of 30
minutes, compared to a mean of 60 breaths/minute at the start de-
creasing to a mean of 58 breaths/minute at the end of 30 minutes
in the oxygen mask group; P < 0.05). Oxygen saturation increased
significantly in both groups (mean of 93% at the start improving
to a mean of 96% at the end of 30 minutes in the CPAP group
compared to a mean of 94% at the start in the oxygen mask group
improving to a mean of 98% at the end of 30 minutes in the oxy-
gen mask group; P < 0.05). PaO, improved significantly in both
groups (a mean of 65 mm Hg at the start increasing to a mean of
120 mm Hg at the end of 30 minutes in the CPAP group, com-
pared to a mean of 91 mm Hg at the start increasing to a mean of
146 mm Hg at the end of 30 minutes in the oxygen mask group;
P <0.01).

In the Hartmann 1994a study 15 infants were enrolled in the
CNEP group and 18 infants were enrolled in the control group.
After one hour of intervention the oxygen requirement was re-
duced to less than or equal to 30% in four infants in the CNEP
group, while none of the infants in the control group had such
an improvement (typical RR 10.7, 95% CI 0.6 to 183.9 and RD
0.27,95% CI 0.02 to 0.51) (Analysis 1.1). No further respiratory
parameters were reported in the study.

3. Failure (use of any additional form of assisted ventilation)

In the Cam 2002 study all participants in the CPAP group met
the success criteria, whereas one participant in the oxygen mask
group failed to respond and subsequently responded when given
CPAP. After the initial 30 minutes, 12 out of 18 participants in
the oxygen mask group worsened and then improved after CPAP
institution. Four participants in the CPAP group worsened in the
later phase and required mechanical ventilation.

In the Hartmann 1994a study none of the infants in the CNEP
group required assisted ventilation or nasal CPAD, while one infant

each required assisted ventilation and nasal CPAP in the control
group (typical RR for both outcomes 0.40, 95% CI 0.02 to 9.06
and RD -0.06, 95% CI -0.21 to 0.10) (Analysis 2.1; Analysis 2.2).
The median duration of CNEP was five (range one to seven) days.

Secondary outcomes

I. Improvement in partial pressure of carbon dioxide in
arterial blood

This outcome was not reported in either included trial.

2. Pulmonary morbidity as judged by pulmonary air leak
(any air leak, gross air leak including pneumothorax) and
duration of oxygen therapy

This outcome was not reported in either included trial.

3. Number of apnoeic episodes

This outcome was not reported in either included trial.

4. Episodes of aspiration pneumonia

This outcome was not reported in either included trial.

5. Development of cardiovascular compromise leading to
congestive heart failure

This outcome was not reported in either included trial.

6. Skin ulceration or destruction of nasal columella
associated with CPAP with nasal prongs

This outcome was not reported in either included trial.

7. Duration of stay in the intensive care unit (ICU)

This outcome was not reported in either included trial.

8. Duration of stay in the hospital

This outcome was not reported in either included trial.

9. Long-term survival, neurodevelopmental outcomes and
health-related quality of life as defined by primary authors

This outcome was not reported in either included trial.
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DISCUSSION

Summary of main results

The effectiveness of either continuous negative extrathoracic pres-
sure (CNEP) or non-invasive continuous positive airway pressure
(Ni-CPAP) in acute hypoxaemic respiratory failure (AHRF) in
children has not been evaluated in detail. We included two stud-
ies in this review, one of which is published in an abstract form
only (Hartmann 1994a). Cam 2002 studied the effectiveness of
CPAP over a 30-minute period in children with dengue fever and
Hartmann 1994a studied the effectiveness of CNEP in children
with AHRF over one hour. Short-term improvements in outcomes
were reported in both studies with improvement in haemodynamic
parameters. The severity of the underlying illness in both studies
is difficult to assess from the data provided because in one study
(Cam 2002) only four participants required mechanical ventila-
tion whereas in the second study (Hartmann 1994a) only one of
the control group infants required assisted ventilation.

Overall completeness and applicability of
evidence

Samuels 1989 was the first to report on the use of CNEP in this
population. The participants were not randomised. Reduction in
oxygen requirements was evident in 75 out of 88 participants after
two hours and in 74 out of 88 participants after 48 hours. There
was no comparison group so it is difficult to assess the effectiveness
of CNEP on mortality or other significant outcomes. Linney 1997
published a report from the same institution on a subgroup of pa-
tients with bronchiolitis. The authors showed that CNEP helped
in avoiding intubation in the majority of participants (26 out of
27). This was a non-randomised study. Samuels 1996 reported on
the use of CNEP in neonatal respiratory distress syndrome in a
randomised controlled trial (RCT). Infants were randomised to
standard therapy or standard therapy and CNEP. CNEP resulted
in a reduction in the number of infants needing intubation (5%),
reduced duration of oxygen therapy and subsequent reduction in
the incidence of chronic lung disease of preterm infants. How-
ever, there was a statistically insignificant increase in mortality, cra-
nial ultrasound abnormalities and pneumothoraces in the CNEP
group.

Corrado 1998, in a retrospective case-control study, compared
CNEDP and conventional ventilation in the treatment of acute res-
piratory failure in chronic obstructive pulmonary disease (COPD)
patients and found negative pressure ventilation to be equally effi-
cacious in reducing in-hospital mortality. Corrado 2002, in a retro-
spective case-control study, compared negative pressure ventilation
and non-invasive positive pressure ventilation in the treatment of
acute chronic respiratory failure in adult patients with COPD in
four intermediate respiratory intensive care units (ICUs) in Italy.

Both ventilatory techniques were found to be equally effective in
avoiding endotracheal intubation and death.

Gorini 2001 studied seven adult patients who had acute exacer-
bation of COPD using a microprocessor-based negative pressure
ventilator and found that CNEP in association with negative pres-
sure ventilation improved ventilatory patterns, arterial blood gases
and reduced the work of inspiratory muscles. Negative pressure
ventilation has a limitation of triggering capability. Gorini 2002
studied a microprocessor-based negative pressure ventilator capa-
ble of thermistor triggering in four normal participants and six
patients with COPD. The authors found that this technique im-
proved the synchrony between the patient and the negative pres-
sure ventilator. Thus, in these uncontrolled studies negative pres-
sure ventilation has been found to be equally as efficacious as con-
ventional mechanical ventilation in adult patients with respiratory
failure, however prospective studies comparing these interventions
are lacking.

Soong 1993 studied 10 infants with bronchiolitis and impending
respiratory failure in a non-randomised study. They reported im-
provement in symptoms, signs and physiologic parameters (heart
rate, respiratory rate, PaCO; and oxygenation index) after two
hours of application of CPAP.

Hilbert 2000 evaluated adult patients who were neutropenic and
had AHRF treated by CPAP. They reported that CPAP was suc-
cessful in avoiding intubation in 25% of the patients.

Use of CPAP in neonates has shown some benefits but the trials
were conducted in the pre-surfactant era (Ho 2010). Recently,
Declaux 2000 in a RCT of CPAP in AHRF adults showed that
after one hour of therapy the subjective response to treatment and
PaO,/FiO; ratio were better in the CPAP group compared to the
standard therapy group, although this was not associated with a
reduced rate of intubation or in-hospital mortality.

The use of CPAP in paediatric AHRF is increasing. Several pilot
studies (Essouri 2008; Sanabria 2008; Stucki 2009) were identified
recently which have used different forms of CPAP devices such
as helmet, nasal prongs or high-flow nasal cannula to generate
CPAP and effectively help patients to breath easily and support
respiration during acute phases. The relative ease of application
prior to invasive forms of ventilation has led clinicians to use CPAP
without sufficient evidence. RCTs should be conducted in this
population.

The role of non-invasive ventilation in modern clinical practice
was evaluated at an international consensus conference (Evans
2001). Important issues were raised in terms of study designs.
These included matching of patients in a non-randomised fashion,
the small sample size of available studies and the influence of this
on confounding variables, the potential for missing undetected
adverse effects in a subgroup population, practical problems asso-
ciated with unblinded studies of increased care and surveillance of
study participants and non-standardised assessment of qualitative
endpoints. Recommendations were made for identifying means
of rapidly assessing patients who will benefit from non-invasive
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ventilatory modes. In adult patients with AHREF, evidence was
pointing towards the effectiveness of non-invasive PPV in avoid-
ing intubation, complications and mortality. However, the need
for larger controlled trials was identified (Evans 2001). Recently
there have been reports on the use of CNEP and CPAP. However,
these were single-centre studies with no comparative cohort or, if
a comparative cohort was included, the participants did not meet
the criteria for hypoxaemic respiratory failure. In light of these
reports, proper studies are warranted as this practice continues to
be implemented in a random fashion.

For future studies it is important to decide the importance of var-
ious outcomes. Reduction of in-hospital mortality is a very im-
portant outcome and even a small reduction would be beneficial.
However, as patients with the most severe disease are not going
to be candidates for these experimental interventions, such trials
would require very large sample sizes to achieve any significant
reduction. Other outcomes of interest may include reduction in
intubation rates, associated complications, duration of hospital
stay and increased patient comfort. Standardised interventions in
the control group and assessments are warranted to assess these
outcomes. CNEP and Ni-CPAP are perceived to be potentially
useful in certain clinical situations where avoidance of intubation
or early extubation and management by CNEP or Ni-CPAP may
be useful, but further studies are warranted.

Thus, there is insufficient evidence from randomised studies to
conclude that CNEP is beneficial in AHRF in paediatric patients.
Potential advantages, such as reduction in the intubation rate, in-
tubation-associated complications and patient comfort (less rest-
lessness, discomfort or dyspnoea), make this modality appealing.
However, properly conducted RCTs are needed to assess the ben-

efits and risks.

Quality of the evidence

The quality of the CPAP study (Cam 2002) was relatively good,
whereas the quality of the CNEP study (Hartmann 1994a) was
difficult to assess as it was only published in abstract form. Both
studies reported on short-term outcomes only and had small sam-
ple sizes.

Potential biases in the review process

None.

Agreements and disagreements with other
studies or reviews

Guidelines for non-invasive management of respiratory failure
have been published. However, most of the evidence stems from

non-randomised studies.

AUTHORS’ CONCLUSIONS

Implications for practice

There is a lack of well-designed, large, controlled trials comparing
the use of non-invasive modes of respiratory support in children
with acute hypoxaemic respiratory failure (AHRF). Uncontrolled
evidence of a reduction in intubation and hospital stay with the
use of continuous negative extrathoracic pressure (CNEP) and
continuous positive airway pressure (CPAP) needs to be confirmed
in well-designed studies that evaluate the risks involved with this
practice, such as pneumothorax or air leak. Studies should also
stratify groups based on the severity of respiratory failure and age,
and report on long-term outcomes. It is not possible to provide

any recommendations, given the lack of evidence.

Implications for research

There is a need for good-quality, multicentre RCTs. Reduction
in mortality is an important, albeit difficult, outcome to achieve
following the use of CNEP or non-invasive CPAP in paediatric
AHRE. Even a small reduction in mortality is clinically very im-
portant and should be the aim of future studies. Studies assessing
other outcomes, such as avoidance of intubation and its associated
complications, reduction in hospital stay and improvement in pa-
tient comfort, are valuable in gauging the overall impact of these

strategies.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies /[ordered by study ID]

Cam 2002
Methods Single-centre study in Vietnam
Participants Inclusion criteria: children with dengue fever who had acute respiratory failure as defined
by failure to respond to 40% oxygen given via nasal cannula as evidenced by (a) cyanosis,
oxygen saturation < 93 or PaO, < 70 mm Hg; (b) respiratory rate > 50 breaths/minute;
or (c) severe chest retraction and nasal flaring. The management of infants in both groups
remained similar except for the intervention. The outcomes reported were stabilisation
of the patient with PaO; > 80 mm Hg after 30 minutes of treatment
Interventions Continuous positive airway pressure (CPAP) was started at 6 cm water pressure delivered
through a Beneviste valve connected to binasal prongs at a FiO; of 60%. The oxygen
mask group received oxygen via a face mask with reservoir bag at a flow rate of 6 to 8 1/
min resulting in a FiO; of 60% to 80%
Outcomes The outcome reported was stabilisation of the patient with PaO; > 80 mm Hg after 30
minutes of treatment
Secondary outcomes included: respiratory rate, PaO; and SaO,
Notes -
Risk of bias
Bias Authors’ judgement Support for judgement
Random sequence generation (selection Low risk Randomly numbered sealed envelopes
bias)
Allocation concealment (selection bias) Low risk Randomly numbered sealed envelopes
Blinding (performance bias and detection High risk Unblinded study
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk Reported outcomes on all randomised participants
All outcomes
Selective reporting (reporting bias) Unclear risk Protocol not available for checking
Other bias Unclear risk Insufficient information to assess
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Hartmann 1994a

Methods Single-centre study in the UK
Participants Inclusion criteria: infants less than 1 year of age. Bronchiolitis diagnosed on a clinical
basis and requirement of greater than or equal to 40% oxygen to maintain SaO; between
96% to 99%
Interventions Control group: n = 18, 9 males
Post-menstrual age at study median 48 (range 40 to 61) weeks
CNEP group: n = 15, 7 males
Post-menstrual age at study median 45 (range 41 to 56) weeks
CNEDP was started at -6 cm of water in the intervention group
Outcomes FiO; less than 0.3 within 1 hour after start of the therapy
Need for IPPV
Need for nasal CPAP
Notes -
Risk of bias
Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Only abstract is available which is lacking in informa-

tion

Allocation concealment (selection bias)

Unclear risk Only abstract is available which is lacking in informa-

tion

Blinding (performance bias and detection
bias)

All outcomes

High risk

Only abstract is available which is lacking in informa-
tion

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Only abstract is available which is lacking in informa-

tion

Selective reporting (reporting bias)

Unclear risk Only abstract is available which is lacking in informa-

tion

Other bias

High risk

Only abstract is available which is lacking in informa-
tion

CNEP = continuous negative extrathoracic pressure

CPAP = continuous positive airway pressure

FiO; = fraction of inspired oxygen

IPPV = intermittent positive pressure ventilation

PaO; = partial arterial pressure of oxygen
Sa0O; = oxygen saturation
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Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion
Carretero 2008  Nota RCT

Chidini 2010 Nota RCT

Codazzi 2006 Nota RCT

Essouri 2008 Nota RCT

Katz 2004 Nota RCT

Linney 1997 Nota RCT

Padman 2004 Nota RCT
Palombini 2004 Nota RCT

Prado 2005 Nota RCT
Rodriguez 2002 RCT of CPAP for post-extubation laryngitis. The patients did not have hypoxaemic respiratory failure

Samuels 1989

Not a RCT

Sanabria 2008 Randomised trial of 2 methods of CPAP

Shime 2006 Nota RCT

Stucki 2009 Nota RCT

Thia 2007 RCT of CPAP versus standard treatment in children with bronchiolitis but the inclusion criteria included mild
hypercapnia. There was no hypoxaemic respiratory failure

Thill 2004 RCT but children included in the study did not meet the criteria for acute hypoxaemic respiratory failure specified

a priori for this review

CPAP = continuous positive extrathoracic pressure
RCT = randomised controlled trial
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DATA AND ANALYSES

Comparison 1. Oxygen requirement

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size
1 Less than 30% FiO after one 1 33 Risk Ratio (M-H, Fixed, 95% CI) 10.69 [0.62, 183.85]
hour of therapy

Comparison 2. Need for assisted ventilation (intermittent positive pressure ventilation or CPAP)

No. of No. of

Outcome or subgroup title studies participants Statistical method Effect size

1 Intermittent positive pressure 1 33 Risk Ratio (M-H, Fixed, 95% CI) 0.40 [0.02, 9.06]
ventilation during hospital stay

2 CPAP during hospital stay 1 33 Risk Ratio (M-H, Fixed, 95% CI) 0.40 [0.02, 9.06]

Analysis 1.I. Comparison | Oxygen requirement, Outcome | Less than 30% FiO2 after one hour of therapy.
Review:  Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute hypoxaemic respiratory
failure in children

Comparison: | Oxygen requirement

Outcome: | Less than 30% FiO3 after one hour of therapy

Study or subgroup Control CNEP Risk Ratio Weight Risk Ratio
n/N n/N M-HFixed,95% Cl M-H Fixed,95% Cl
Hartmann 1994a 4/15 0/18 —— 1000 % 10,69 [ 0,62, 18385 ]
Total (95% CI) 15 18 T — 100.0 % 10.69 [ 0.62, 183.85 |
Total events: 4 (Control), 0 (CNEP)
Heterogeneity: not applicable
Test for overall effect: Z = 1.63 (P = 0.10)
Test for subgroup differences: Not applicable
0.005 0.1 | 10 200
Favours CNEP Favours control
20
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Analysis 2.1. Comparison 2 Need for assisted ventilation (intermittent positive pressure ventilation or
CPAP), Outcome | Intermittent positive pressure ventilation during hospital stay.

Review:  Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute hypoxaemic respiratory

failure in children

Comparison: 2 Need for assisted ventilation (intermittent positive pressure ventilation or CPAP)

Outcome: | Intermittent positive pressure ventilation during hospital stay
Study or subgroup CNEP Control Risk Ratio Weight Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H,Fixed,95% CI
Hartmann 1994a /15 1718 —— 100.0 % 040002, 9.06 ]
Total (95% CI) 15 18 T —— 100.0 % 0.40 [ 0.02, 9.06 ]
Total events: 0 (CNEP), | (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
Test for subgroup differences: Not applicable
00l 0.1 | 10 100

Favours CNEP

Favours control

Analysis 2.2. Comparison 2 Need for assisted ventilation (intermittent positive pressure ventilation or
CPAP), Outcome 2 CPAP during hospital stay.

Review:  Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute hypoxaemic respiratory

failure in children

Comparison: 2 Need for assisted ventilation (intermittent positive pressure ventilation or CPAP)

Outcome: 2 CPAP during hospital stay

Study or subgroup CNEP Control Risk Ratio Weight Risk Ratio
n/N n/N M-H,Fixed,95% Cl M-H Fixed,95% ClI

Hartmann 1994a /15 1718 —— 100.0 % 040 002, 9.06 ]
Total (95% CI) 15 18 T —— 100.0 % 0.40 [ 0.02, 9.06 ]
Total events: 0 (CNEP), | (Control)
Heterogeneity: not applicable
Test for overall effect: Z = 0.58 (P = 0.56)
Test for subgroup differences: Not applicable

00l 0.1 | 10 100

Favours CNEP

Favours control
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APPENDICES

Appendix |. CENTRAL and MEDLINE search strategy

For this update we searched the Cochrane Central Register of Controlled Trials (CENTRAL) (7he Cochrane Library 2011, Issue 1)
which contains the Cochrane Acute Respiratory Infections Group’s Specialised Register, MEDLINE (June 2007 to January week 3,
2011), Embase.com from (July 2007 to January 2011) and CINAHL (2007 to December 2010).
1 exp Respiratory Insufficiency/

2 respiratory failure.tw.

3 Anoxia/

4 hypoxia.tw.

5 hypoxem™.tw.

6 hypercapnia.tw.

7 ahrf.ow.

8 or/1-7

9 exp Respiratory Therapy/

10 exp Pulmonary Ventilation/

11 Ventilators, Negative-Pressure/

12 positive airway pressure.tw.

13 ((positive pressure or positive-pressure) adj2 ventilat*).tw.

14 ((negative pressure or negative-pressure) adj2 ventilat®).tw.

15 (continuous distending pressure or cdp).tw.

16 (continuous negative extrathoracic pressure or cnep).tw.

17 (ppv or cpap).tw.

18 or/9-17

19 8 and 18

Appendix 2. EMBASE (Elsevier) search strategy

29 #27 OR #28 835154 31 Jan 2011

28 random*:ab,ti OR placebo*:ab,ti OR factorial*:ab,ti OR crossover*:ab,ti OR ’cross over’:ab,ti OR ’cross-over’:ab,ti OR volunteer*:
ab,ti OR assign*:ab,ti OR allocat*:ab,ti OR ((singl* OR doubl*) NEAR/1 blind*):ab,ti AND [embase]/lim 796108 31 Jan 2011

27 ’randomized controlled trial’/exp OR ’single blind procedure’/exp OR ‘double blind procedure’/exp OR ’crossover procedure’/exp
AND [embase]/lim 235923 31 Jan 2011

26 #20 AND #25 4070 31 Jan 2011

25 #22 OR #23 OR #241347258 31 Jan 2011

24 ((nursery OR primary OR secondary OR elementary OR high) NEAR/1 school*):ab,ti AND [embase]/lim 21451 31 Jan 2011
23 adoles*:ab,ti OR teen*:ab,ti OR boy*:ab,ti OR girl*:ab,ti OR minor*:ab,ti OR pubert*:ab,ti OR pubescen*:ab,ti OR pediatric*:
ab,ti OR paediatric*:ab,ti OR kindergar*:ab,ti OR highschool*:ab,ti AND [embase]/lim 544636 31 Jan 2011

22 infant*:ab,ti OR infancy:ab,ti OR newborn*:ab,ti OR baby*:ab,ti OR babies:ab,ti OR neonat*:ab,ti OR preterm*:ab,ti OR pre-
matur*:ab,ti OR child*:ab,ti OR schoolchild*:ab,ti OR ’school age’:ab,ti OR ’school ages’:ab,ti OR ’school aged’:ab,ti OR preschool*:
ab,ti OR kid:ab,ti OR kids:ab,ti OR toddler*:ab,ti AND [embase]/lim 1017192 31 Jan 2011

21 ’infant’/exp OR ’child’/exp OR ’adolescent’/exp OR *puberty’/exp OR ’pediatrics’/exp AND [embase]/lim 1100582 31 Jan 2011
20 #5 AND #19 20578 31 Jan 2011

19 #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR #15 OR #16 OR #17 OR #18 102237 31 Jan 2011
18 cdp:ab,ti OR cpap:ab,ti OR cnep:ab,ti OR ppv:ab,ti AND [embase]/lim 13142 31 Jan 2011

17 ’continuous negative extrathoracic pressure’:ab,ti AND [embase]/lim 26 31 Jan 2011

16 ’continuous distending pressure’:ab,ti AND [embase]/lim 42 31 Jan 2011

15 ’positive airway pressure’:ab,ti AND [embase]/lim 5393 31 Jan 2011

14 ’intermittent positive pressure breathing’:ab,ti OR ’intermittent positive pressure ventilation:ab,ti AND [embase]/lim 1276 31 Jan
2011

13 ’negative pressure ventilation’:ab,ti AND [embase]/lim 220 31 Jan 2011

12 ’positive pressure respiration’:ab,ti OR ’positive pressure ventilation’:ab,ti AND [embase]/lim 3601 31 Jan 2011

Continuous negative extrathoracic pressure or continuous positive airway pressure compared to conventional ventilation for acute 22
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11 ’negative pressure ventilator’:ab,ti OR ’negative pressure ventilators':ab,ti AND [embase]/lim 27 31 Jan 2011
10 ’ventilator’/de AND [embase]/lim 7142 31 Jan 2011

9 ’respiratory therapy’:ab,ti OR ’artificial respiration’:ab,ti AND [embase]/lim 1469 31 Jan 2011

8 ’artificial ventilation'/exp AND [embase]/lim 70355 31 Jan 2011

7 ’lung ventilation’:ab,ti OR ’pulmonary ventilation’:ab,ti AND [embase]/lim 3413 31 Jan 2011

6 ’lung ventilation'/exp AND [embase]/lim 20589 31 Jan 2011

5#1 OR #2 OR #3 OR #4 136290 31 Jan 2011

4 hypoxia:ab,ti OR hypoxem*:ab,ti OR hypercapnia:ab,ti OR anoxia:ab,ti OR ahrf:ab,ti AND [embase]/lim 75160 31 Jan 2011
3 ’hypoxia/de OR ’hypoxemia’/de OR ’anoxia’/de OR ’hypercapnia/exp AND [embase]/lim 69416 31 Jan 2011
2 ’respiratory insufficiency’:ab,ti OR ’respiratory failure’:ab,ti AND [embase]/lim 21461 31 Jan 2011

1 ’respiratory failure’/exp AND [embase]/lim 35513 31 Jan 2011

Appendix 3. CINAHL (EBSCO) search strategy

$32 522 and S31

S31 523 or §24 or §25 or §26 or S27 or $28 or 529 or $30

$30 (MH “Quantitative Studies”)

$29 TI placebo* or AB placebo*

S28 (MH “Placebos”)

§27 TI random* or AB random*

S26 TI (singl* blind* or doubl* blind* or tripl* blind* or trebl* blind* or singl* mask* or doubl* mask* or tripl* mask* or trebl* mask*
) or AB (singl* blind* or doubl* blind* or tripl* blind* or trebl* blind* or singl* mask* or doubl* mask* or tripl* mask* or trebl* mask*)
S25 TI clinic* trial* or AB clinic* trial*

S24 PT clinical trial

S23 (MH “Clinical Trials+”)

$22 512 and S21

$21 S13 or S14 or S15 or S16 or S17 or S18 or S19 or S20

S20 TT (nursery school* or primary school* or secondary school* or elementary school* or high school*) or AB (nursery school* or
primary school* or secondary school* or elementary school* or high school*)

S19 TI (adoles* or teen* or boy* or girl* or minor* or pubert* or pubescen* or pediatric* or paediatric* or kindergar* or highschool*)
or AB (adoles* or teen* or boy* or girl* or minor* or pubert® or pubescen* or pediatric* or paediatric* or kindergar® or highschool*)
S18 TT (infant* or infancy or newborn*® or baby* or babies or neonat* or preterm* or prematur* or child* or schoolchild* or school
age™® or preschool® or kid or kids or toddler*) or AB (infant* or infancy or newborn*® or baby* or babies or neonat® or preterm* or
prematur® or child* or schoolchild* or school age* or preschool* or kid or kids or toddler*)

S17 (MH “Puberty+”)

S16 (MH “Pediatrics+”)

S15 (MH “Adolescence+”)

S14 (MH “Child+”)

S13 (MH “Infant+”)

S12 S6 and S11

S11 87 or S8 or S9 or S10

S10 TT (cdp or cpap or cnep or ppv) or AB (cdp or cpap or cnep or ppv)

S9 TI (respiratory therapy or pulmonary ventilation or negative pressure ventilator® or positive airway pressure or positive pressure
ventilat® or continuous distending pressure or continuous negative extrathoracic pressure) or AB (respiratory therapy or pulmonary
ventilation or negative pressure ventilator* or positive airway pressure or positive pressure ventilat* or continuous distending pressure
or continuous negative extrathoracic pressure)

S8 (MH “Respiration, Artificial+”)

S7 (MH “Respiratory Therapy+”)

S6 S1 or S2 or §3 or $4 or S5

S5 TI (hypoxia or hypoxem™* or hypercapnia or anoxia or ahrf) or AB (hypoxia or hypoxem* or hypercapnia or anoxia or ahrf)

S4 (MH “Hypercapnia”)

S3 (MH “Anoxia+”)
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S2 TI (respiratory insufficiency or respiratory failure) or AB (respiratory insufficiency or respiratory failure)
S1 (MH “Respiratory Failure+”)

Appendix 4. Previous MEDLINE search strategy

We searched the Cochrane Central Register of Controlled Trials (7he Cochrane Library Issue 3, 2007); MEDLINE (January 1966 to
July 2007); EMBASE (1980 to July 2007); and CINAHL (1982 to July 2007).
We ran the following search terms over MEDLINE and CENTRAL and adapted them for EMBASE and CINAHL. We combined
the search terms with phases 1 and 2 of the Cochrane highly sensitive search strategy for identifying controlled trials as it appears in
the Cochrane Reviewers’ Handbook (Appendix 5b) (Alderson 2004).
MEDLINE (OVID)

1 exp Respiratory Insufficiency/

2 respiratory failure.mp.

3 hypoxia.mp.

4 hypoxemia.mp.

5 exp Hypercapnia/

6 or/1-5

7 exp VENTILATION/

8 exp Respiratory Therapy/

9 exp Ventilators, Negative-Pressure/

10 exp Positive-Pressure Respiration/

11 exp Pulmonary Ventilation/

12 exp Intermittent Positive-Pressure Breathing/

13 exp Intermittent Positive-Pressure Ventilation/

14 positive airway pressure.mp.

15 PPV.mp.

16 CPAP.mp.

17 CNEPmp.

18 CDP.mp.

19 or/7-18

20 6and 19

21 RANDOMIZED CONTROLLED TRIAL.pt.

22 CONTROLLED CLINICAL TRIAL.pt.

23 RANDOMIZED CONTROLLED TRIALS.sh.

24 RANDOM ALLOCATION:.sh.

25 DOUBLE BLIND METHOD:.sh.

26 SINGLE-BLIND METHOD.sh.

27 or/21-26

28 Animals/

29 Humans/

30 28 not 29

31 27 not 30

32 CLINICAL TRIAL.pt.

33 exp Clinical Trials/

34 (clin$ adj25 trial$).ti,ab.

35 ((singl$ or doubl$ or trebl$ or tripl$) adj25 (blind$ or mask$)).ti,ab.
36 PLACEBOS.sh.

37 placebo$.ti,ab.

38 random$.ti,ab.

39 or/32-38

40 39 not 30

41 31 or 40
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42 20 and 41

43 exp CHILD/

44 exp INFANT/

45 (child or children or infant$ or newborn or neonate$ or pediatric or paediatric).mp.
46 or/43-45

47 42 and 46

WHAT’S NEW
Last assessed as up-to-date: 2 July 2013.

Date Event Description

7 November 2013 Amended Summary of findings table Footnote edited to inform the quality of evidence grading

HISTORY
Protocol first published: Issue 3, 2002
Review first published: Issue 3, 2003

Date Event Description

2 July 2013 New search has been performed Searches updated but no new studies were identified
for inclusion

2 July 2013 New citation required but conclusions have not Review text and 'Summary of findings table added.
changed Our conclusions remain unchanged
31 January 2011 New search has been performed Searches updated and one new trial included (Cam

2002). The conclusions remain unchanged.

14 March 2005 New search has been performed Searches conducted.
12 December 2002 New search has been performed Searches conducted.
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NOTES

e review title was changed sli in rom ’Continuous negative extrathoracic pressure or continuous positive airway pressure
Th titl h d slightl 2011 fi
for acute hypoxaemic respiratory failure in children’ to ’Continuous negative extrathoracic pressure or continuous positive airway

ressure compared to conventional ventilation for acute hypoxaemic respiratory failure in children’ to clarify the treatment comparisons.
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INDEX TERMS

Medical Subject Headings (MeSH)

Bronchiolitis [therapy]; Continuous Positive Airway Pressure [methods]; Dengue [complications]; Hypoxia [*therapy]; Respiration,
Artificial [*methods]; Respiratory Insufficiency [*therapy]; Ventilators, Negative-Pressure
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Humans; Infant; Infant, Newborn
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