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ABSTRACT

Background

Asthma is one of the most common reasons for hospital admission among children and constitutes a significant economic burden. Use of
non-invasive positive pressure ventilation (NPPV) in the care of children with acute asthma has increased even though evidence supporting
the intervention has been considered weak and clinical guidelines do not recommend the intervention. NPPV might be an effective
intervention for acute asthma, but no systematic review has been conducted to assess the effects of NPPV as an add-on therapy to usual
care in children with acute asthma.

Objectives

To assess the benefits and harms of NPPV as an add-on therapy to usual care (e.g. bronchodilators and corticosteroids) in children with
acute asthma.

Search methods

We identified trials from the Cochrane Airways Group Specialised Register (CAGR). The Register contains trial reports identified through
systematic searches of bibliographic databases, including the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE,
Embase, CINAHL, AMED and PsycINFO, and by handsearching of respiratory journals and meeting abstracts. We also conducted a search
of ClinicalTrials.gov (www.ClinicalTrials.gov) and the WHO trials portal (www.who.int/ictrp/en/). We searched all databases from their
inception to February 2016, with no restriction on language of publication.

Selection criteria

We included randomised clinical trials (RCTs) assessing NPPV as add-on therapy to usual care versus usual care for children (age < 18 years)
hospitalised for an acute asthma attack.

Data collection and analysis

Two review authors independently screened titles and abstracts. We retrieved all relevant full-text study reports, independently screened
the full text, identified trials for inclusion and identified and recorded reasons for exclusion of ineligible trials. We resolved disagreements
through discussion or, if required, consulted a third review author. We recorded the selection process in sufficient detail to complete a
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) flow diagram and 'Characteristics of excluded studies' table.
We identified the risk of bias of included studies to reduce the risk of systematic error. We contacted relevant study authors when data
were missing.

Non-invasive positive pressure ventilation for acute asthma in children (Review) 1
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Main results

We included two RCTs that randomised 20 participants to NPPV and 20 participants to control. We assessed both studies as having high
risk of bias; both trials assessed effects of bilateral positive airway pressure (BiPAP). Neither trial used continuous positive airway pressure
(CPAP). Controls received standard care. Investigators reported no deaths and no serious adverse events (Grades of Recommendation,
Assessment, Development and Evaluation (GRADE): very low quality of evidence due to serious risk of bias and serious imprecision of
results). Both trials showed a statistically significant reduction in symptom score. One trial did not report a standard deviation (SD), but by
using an estimated SD, we found a statistically significantly reduced asthma symptom score (mean difference (MD) -2.50, 95% confidence
interval (Cl) -4.70 to -0.30, P = 0.03, 19 participants, GRADE: very low quality of evidence). In the other trial, NPPV was associated with a
lower total symptom score (5.6 vs 1.9, 16 participants, very low quality of evidence) before cross-over, but investigators did not report an
SD, nor could it be estimated from the first phase of the trial, before the cross-over. These gains could be clinically relevant, as a reduction
of three or more points in symptom score is considered a clinically meaningful change. Researchers documented five dropouts (12.5%),
four of which were due to intolerance to NPPV, and one to respiratory failure requiring intubation. Owing to insufficient reporting in the
latter trial and use of different scoring systems, it was not possible to conduct a meta-analysis nor a Trial Sequential Analysis.

Authors' conclusions

Current evidence does not permit confirmation or rejection of the effects of NPPV for acute asthma in children. Large RCTs with low risk
of bias are warranted.

PLAIN LANGUAGE SUMMARY

Non-invasive positive pressure ventilation for acute asthma in children

Review question

We reviewed available evidence on non-invasive positive pressure ventilation (NPPV) for children with acute asthma.
Background

Asthma is known to cause acute exacerbations, in which characteristic changes in the lungs predispose to respiratory difficulties and in
some cases respiratory failure. This condition constitutes a significant economic burden and a major health issue worldwide. Evidence
supporting this intervention has been considered weak, and the intervention is not recommended in clinical guidelines. Nevertheless, use
of NPPV in the care of children with acute asthma has increased, and NPPV might be an effective intervention for acute asthma. Until now,
no systematic review has summed up all the evidence provided by randomised clinical trials.

Study characteristics

The evidence s current to August 2016. We included two trials, with 40 participants. Included trials assessed the effects of one type of NPPV
called bilevel positive airway pressure, which lasted for two and 24 hours, respectively, in the two trials.

Key results

Overall, we found that NPPV compared with no additional treatment, treatment as usual or placebo did not result in any benefit or
harm regarding death from all causes, serious adverse events (i.e. major complications) or improvement in asthma symptoms. Five study
participants did not tolerate the treatment, four because of discomfort and one because intubation was required. Current evidence cannot
confirm or reject the effects of NPPV for treatment of children with acute asthma. Larger randomised clinical trials are warranted.

Quality of the evidence

The evidence behind our conclusions is of very low quality. The two studies had high risk of bias (i.e. the studies were conducted in a way
that may skew results to the positive side). In addition, the two studies included few participants, making results of this review imprecise.

Non-invasive positive pressure ventilation for acute asthma in children (Review) 2
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



“p¥7 ‘suos 13 A31IM uyor Aq paysiiqnd ‘uoneioqe|jod aueyd0) ay1 9107 @ 3y3uAdod
(M31A3Y) USP]IYD Ul BLUY)ISE d)NDE 10) UOI}e)IFUIA 3anssaad dA1ISod dAISeAUl-UON

SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Non-invasive positive pressure ventilation for children with acute asthma

Patient or population: children with acute asthma

Setting: hospital

Intervention: non-invasive ventilation as add-on therapy to standard care
Comparison: standard care

Outcomes Anticipated absolute effects* (95%  Relative effect  No. of partici- Quality of the Comments
cl) (95% Cl) pants evidence
(studies) (GRADE)
Risk with stan-  Risk with non-
dard care invasive venti-
lation as add-on
therapy to stan-
dard care
Mortality Study population not estimable 16 OO0 No deaths were seen.
(1RCT) very low @
0 per 1000 0 per 1000
Serious adverse  Study population not estimable 35 @000 No serious adverse events were reported
events (2 RCTs) very low @
not pooled not pooled
Asthma symp- not estimable not pooled - 35 o006 Basnet 2012: Children in NPPV group
tom score at (2 RCTs) very low @ had an improvement in their mean CAS

the acute phase

from 7 (median, 7; interquartile range,

6 to 8) at baseline to 1.6 (median, 2; interquartile
range, 2 to 2.8) at 24 hours vs mean

CAS from 6.9 (median, 7; interquartile

range, 6 to 8) to 4.1 (median, 3.5; interquartile
range, 3 to 5.5) in the standard

group (P <0.01)

Thill 2004: NPPV was

associated with lower total CAS (5.6 vs 1.9) before
cross-over and lower

scores for each individual component (accessory
muscle use, wheeze and dyspnoea;

allP<0.01)
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Pneumonia Study population not estimable 19 lolClC]
(1RCT) very low @

0 per 1000 0 per 1000

*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and
its 95% Cl).

Cl: 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 that of 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.

adDowngraded by 4 levels because of very serious risk of bias and very serious imprecision of results.
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BACKGROUND

The prevalence of asthma in children around the world has
increased in recent decades (Masoli 2004; AIHW 2010; Asher
2014). Asthma affects approximately 334 million people globally
(Asher 2014). The highest prevalence of asthma among children is
seen in high-income countries (Asher 2014). Recent reviews have
concluded that asthma is the most common chronic disease in
children, and is among the top 10 chronic conditions in global
ranking of disability-adjusted life-years during mid-childhood
(Papadopoulos 2012; Asher 2014). In 2012, 14% of US children had
at some point been diagnosed with asthma, and 8.3% had asthma
during the study period (Bloom 2013; CDC 2013).

Millions of patients worldwide continue to have suboptimal
asthma control, possibly as the result of suboptimal treatment
(Papadopoulos 2012). A serial, cross-sectional analysis revealed
that asthma seems to account for 2.3% of all hospitalisations
among children (Hasegawa 2013). Data from the Centers for
Disease Control and Prevention (CDC) indicate that annual rates of
emergency department treatment and hospitalisation have ranged
from 7 to 9.5 and from 1.9 to 2.5 per 100 US children with asthma,
respectively (Akinbami 2012). Current international mortality rates
for children with asthma range from 0.0 to 0.7 per 100,000 children
(Asher 2014). Great variance across countries is apparent, as
demonstrated, for example, by the higher Australian mortality rate
for asthma at 1.67 (95% confidence interval (Cl) 1.51 to 1.85) per
100,000 population (AIHW 2010; Asher 2014). Several high-risk
populations have been noted, as prevalence seems to be affected
by sex, ethnicity and socioeconomic status. In contrast to adults,
predominance among males has been reported among children
(Bloom 2013; Wade 2015). Children with a multiethnic background
seem to have the highest prevalence, at 14.1%, compared with
children of Asian ethnicity, who had the lowest prevalence at 5.2%
(Akinbami 2012). Prevalence is also higher among children of lower
socioeconomic status (Akinbami 2012; Bloom 2013).

The effect of asthma on quality of life was investigated among
adults in a survey from 2010, on which the proportion of patients
that rated their health as 'fair to poor' was 25% among adults
with asthma compared with 14% among people without asthma
(AIHW 2010). Another survey suggests that the effect of asthma on
quality of life is even more profound among children aged 12 to 17
compared with adults, perhaps resulting from the need for greater
limits on their daily activities and frequent absence from school
(Alith 2015).

Description of the condition

Asthma is a chronic inflammatory respiratory condition that leads
to persistent remodelling of the small airways and bronchial hyper-
responsiveness. This hyper-responsiveness is an immune response
that asthmatic individuals display to certain stimuli that seem to
have little or no effect on individuals with normal airways (Bloemen
2007; Kumar 2009). Hyper-responsiveness is seen as characteristic
acute asthmatic exacerbations of reversible bronchoconstriction,
dyspnoea, wheezing and coughing (Brannan 2012; Hedlin 2012;
Liu 2014). The diagnosis is determined primarily by the history of
the patient and the clinical presentation (Liu 2014). In younger
paediatric patients, the diagnosis might, however, present a
challenge, as several conditions among preschool children can
cause an obstructive pattern, which in turn presents as asthma-

like respiratory symptoms (e.g. wheeze, cough, shortness of breath)
(Dijk 2013; Cave 2014; Mantzouranis 2014).

During acute exacerbations of asthma, the lumen of the airways
narrows as a result of smooth muscle contraction in synergy with
increased mucus production and bronchial oedema (Kumar 2009).
This narrowing of the lumen reduces airflow into and out of the
lungs, potentially resulting in respiratory failure (Kumar 2009).
Asthma is also known to cause air trapping, lung hyperinflation
and atelectasis (partial collapse or incomplete inflation of the lung)
as the result of mucus plugging and bronchoconstriction (Blanch
2005; Finder 2014). The airway obstruction causes an increase in
alveolar pressure, the so-called 'intrinsic positive end-expiratory
airway pressure (PEEPi)' (Pepe 1982; Blanch 2005; Caramez 2005;
Tzoufi 2005; Graham 2007). This PEEPi is proportionately higher
when airway obstruction becomes more severe (Aldrich 1993).

Although several genes have been associated with increased
risk of asthma, the causes of asthma are not completely
understood (Bisgaard 2009; Mantzouranis 2014). It is known that
environmental exposure to allergens is essential for development
of the sensitisation that is seen in asthma (Galli 2008; Hedlin 2012;
Jackson 2012; Jobe 2014; Yoo 2014). This is exemplified by the fact
that prevalence is higher among children living in rural areas than
in children from urban areas (Douwes 2002; Mantzouranis 2014).

No curative treatment for asthma is known, although some
children grow out of asthma (Papadopoulos 2012; GINA 2015).
Conventional treatment depends on the severity of the condition.
In an acute asthma attack/exacerbation, first-line pharmacological
treatment usually consists of bronchodilators (betay-agonists) and
corticosteroids (Papadopoulos 2012; Sawicki 2014a; GINA 2015).
Second-line agents such as ipratropium bromide (anticholinergic
agent) and magnesium sulphate are recommended and used in
some cases (GINA 2015; Scarfone 2015). Care in acute situations
most often seeks to promote bronchodilation and antagonise
the mediators of inflammation and bronchoconstriction, thereby
upholding sufficient ventilation (NHLBI 2007). Long-term treatment
focuses on prevention of asthma attacks. This is usually achieved
with inhalation of corticosteroids, strategies to avoid triggers and
smoking cessation, as well as use of long-acting beta,-agonists
when warranted by the frequency of attacks (GINA 2015). Several
asthma severity scores have been created to assess the severity
of acute asthma exacerbations among children (Chalut 2000;
Ducharme 2008; Alnaji 2014; Sawicki 2014b).

Description of the intervention

Respiratory support can be divided into invasive ventilation and
non-invasive ventilation (Pavone 2013). In invasive ventilation, air
is given through an internal interface directly into the trachea
(e.g. intubation, tracheostomy). In non-invasive ventilation, air is
given through an external interface (e.g. facemask, nasal cannula)
(Pavone 2013).

Non-invasive positive pressure ventilation (NPPV)

Non-invasive positive pressure ventilation (NPPV) employs a full
facial mask or nasal cannula that administers ventilatory support
from a flow generator (Teague 2005; Pavone 2013). Non-invasive
positive pressure ventilation includes continuous positive airway
pressure (CPAP) and bilevel positive airway pressure (BiPAP). The
positive end-expiratory airway pressure created by NPPV is distinct

Non-invasive positive pressure ventilation for acute asthma in children (Review) 5
Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

from the PEEPi described under Description of the condition and
is sometimes referred to as an extrinsic intrinsic positive end-
expiratory airway pressure (PEEPe) (Graham 2007).

Continuous positive airway pressure (CPAP)

In CPAP, a single constant positive airway pressure is maintained
throughout the respiratory cycle. Therefore, CPAP does not assist
spontaneous inspiration of the patient (Boldrini 2012; Pavone
2013). Instead, higher intraluminal pressures prevent collapse
in the upper airways, thereby promoting alveolar recruitment
(Pavone 2013). The consequent alveolar recruitment increases
functional residual capacity and counteracts the development of
atelectasis (Pavone 2013). Through this mechanism, CPAP aims
to improve oxygenation and reduce the workload for inspiratory
muscles, thereby reducing the work of breathing (Shivaram
1987; Pavone 2013). A recent observational study suggested that
CPAP might provide a beneficial effect for children with acute
asthma by initiating autonomic modulation, thereby producing a
bronchodilator effect that may go beyond the mechanical effect
described previously (de Freitas 2013).

Bilevel positive airway pressure (BiPAP)

In BiPAP, pressure in inspiratory and expiratory phases of the
respiratory cycle can be adjusted separately (Gupta 2010). When
BiPAP is used, a positive expiratory airway pressure and an
even higher inspiratory positive airway pressure are induced
compared with physiological breathing (Pavone 2013). BiPAP
therefore creates a difference between expiratory and inspiratory
phases, which is thought to support the spontaneous inspiratory
act of the patient (Gupta 2010; Pavone 2013).

Continuous positive airway pressure (CPAP) and BiPAP are
not among the conventional interventions for asthma (GINA
2015). When patients do not respond to intensified conventional
treatment (e.g. bronchodilators), they may require invasive
ventilation (Lim 2012). Observational studies have reported that
10% to 12% of children admitted to the paediatric intensive care
unit (PICU) with asthma required invasive ventilation (Malmstrom
2001; Bratton 2012). Invasive ventilation involves transfer to the
intensive care unit and use of general anaesthesia and intubation.
Invasive ventilation may result in complications such as damage
to local tissue, difficulties weaning off the ventilator, ventilator-
associated pneumonia, pneumothorax, sinusitis, catheter-related
infection, urinary tract infection and bacteraemia (Fagon 1993;
Brochard 1994; Esteban 1995; Guerin 1997; Nourdine 1999; Teague
2005). Invasive ventilation has been shown to be associated
with higher morbidity compared with non-invasive ventilation in
intensive care unit patients in randomised clinical trials assessing
outcomes such as the complications mentioned previously
(Brochard 2002).

Both CPAP and BiPAP offer the advantage that they can be applied
earlierand intermittently compared with invasive ventilation. NPPV
may be efficient enough to reverse an acute exacerbation so
invasive ventilation is avoided (Lim 2012). Several observational
studies show a trend favouring NPPV for other causes of respiratory
failure, including acute respiratory distress syndrome and acute
lung injury (defined as acute hypoxaemic respiratory failure), as
well as acute hypercapnic respiratory failure such as chronic
obstructive pulmonary disease (COPD) and asthma (Brochard 2002;
Keenan 2009). For these reasons, NPPV may prove beneficial in
children with acute asthma.

How the intervention might work

Non-invasive positive pressure ventilation (NPPV) may have adirect
bronchodilating effect, may improve alveolar recruitment and may
increase response to bronchodilators (Lin 1995; Wang 1996). At
least some of the effect is thought to be independent of better drug
dispersion (Buda 1979; Soroksky 2003; Tzoufi 2005). As described
in Description of the condition, an intrinsic positive end-expiratory
airway pressure is created during an asthma attack, and NPPV is
thought to counteract this intrinsic PEEP by creating an extrinsic
PEEP (Broux 1991). The result consists of presumed improvement
in airflow, re-expansion of atelectatic lung segments, reversal of
hyper-inflation and supportive inspiratory muscles (Martin 1982;
Shivaram 1987; Moloney 1999; Caramez 2005; Pavone 2013). This
might in turn correct ventilation-perfusion mismatches and reduce
the work of breathing (Andersen 1979; Martin 1982; Broux 1991;
Aldrich 1993; Soroksky 2003; Graham 2007).

A comparative study has shown that CPAP might reduce bronchial
reactivity and sensitivity in histamine-induced asthma (Lin 1995).
Another small observational study suggested that CPAP might
assist inspiratory muscles and reduce the work of breathing in
methacholine-induced asthma (Martin 1982).

Bilateral positive airway pressure has been shown to improve
breathing, oxygenation, clinical asthma scores and alveolar
ventilation in several observational studies (Akingbola 2002;
Beers 2007; Mayordomo-Colunga 2011; Williams 2011). Beers 2007
showed that BiPAP seemed to improve oxygenation and decrease
the respiratory rate, while none of these children experienced a
rise in respiratory rate nor a decrease in saturation. Observational
studies also suggest that BiPAP might decrease the proportion of
children who need intubation among children with severe asthma
(Mayordomo-Colunga 2011; Williams 2011).

Why it is important to do this review

Asthma is one of the most common causes of hospital admission
for children and constitutes a significant economic burden (Braman
2006; Bahadori 2009; Jacob 2015). Use of NPPV has increased in
the care of children with acute asthma (Carroll 2013) even though
evidence is lacking (GINA 2015). Non-invasive positive pressure
ventilation might be an effective intervention for acute asthma, but
no systematic review has been conducted to assess effects of NPPV
as an add-on therapy to usual care in children.

OBJECTIVES

To assess the benefits and harms of non-invasive positive pressure
ventilation (NPPV) as an add-on therapy to usual care (e.g.
bronchodilators and corticosteroids) in children with acute asthma.

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised clinical trials regardless of publication
type, publication status, publication date and language.

Types of participants

We included children (aged < 18 years) hospitalised for an asthma
attack (as defined by the trialists). We excluded children with a
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primary diagnosis of pneumonia, acute aspiration, bronchiolitis,
cystic fibrosis or any ciliary dyskinetic syndrome.

Types of interventions

Any type of NPPV (including continuous positive airway pressure
(CPAP) and bilevel positive airway pressure (BiPAP)). We included
trials comparing NPPV as an add-on therapy to usual care versus
usual care.

We excluded trials that examined weaning off invasive ventilation
and trials in which NPPV or invasive ventilation preceded
enrolment of children into the trial.

Types of outcome measures
Primary outcomes

« All-cause mortality

« Proportion of participants with a serious adverse event defined
as any untoward medical occurrence that resulted in death, was
life threatening, jeopardised the participant, was persistent or
led to significant disability or prolonged hospitalisation (ICH-
GCP 1997)

« Symptom score in the acute phase (e.g. Pediatric Asthma
Severity Score (PASS), Pediatric Respiratory Assessment
Measure (PRAM))

Secondary outcomes

« Non-serious adverse events (ICH-GCP 1997)

« Health-related quality-of-life measures for long-term follow-
up in children after major trauma, such as DISABKIDS,
KIDSCREEN-52 and PedsQL

« Arterial blood gases and pH

« Pneumonia diagnosed after randomisation (as defined by
trialists)

« Cost

We assessed symptom score in the acute phase at the time point
of primary interest defined by study authors. If such a time point of
primary interest was not defined, we planned to use the outcome
assessed at the first time point after the start of the intervention,
but before discharge.

All additional dichotomous and continuous outcomes were
assessed at two time points.

o Outcomes assessed at the time point closest to hospital
discharge.

« Outcomes assessed at maximal follow-up (this was the time
point of primary interest).

Search methods for identification of studies
Electronic searches

We identified trials from the Cochrane Airways Group Specialised
Register (CAGR), which is maintained by the Information Specialist
for the Group. The Register contains trial reports identified
through systematic searches of bibliographic databases, including
the Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, Embase, the Cumulative Index to Nursing and Allied
Health Literature (CINAHL), the Allied and Complementary
Medicine Database (AMED) and PsycINFO, and by handsearching

of respiratory journals and meeting abstracts (see Appendix 1
for details). We searched all records in the CAGR using the
search strategy provided in Appendix 2. See Appendix 1 and
Appendix 2 for our exact search terms. We also conducted a
search of ClinicalTrials.gov (www.ClinicalTrials.gov) and the World
Health Organization (WHO) trials portal (www.who.int/ictrp/en/).
We searched all databases from theirinception up to February 2016,
and we imposed no restriction on language of publication.

Searching other resources

We checked the reference lists of all relevant primary trials and
reviews for additional references.

We tried to identify unpublished trials by searching the clinical
trial registers of Europe and the USA, websites of pharmaceutical
companies and websites of the US Food and Drug Administration
(FDA) and the European Medicines Agency.

We searched for errata and retractions from included studies
published in full text on PubMed (www.ncbi.nlm.nih.gov/pubmed).

Data collection and analysis
Selection of studies

Two review authors (SKK and JF) independently screened titles
and abstracts. We retrieved all relevant full-text study reports/
publications, and two review authors (SKK and JF) independently
screened the full text, identified trials for inclusion and identified
and recorded reasons for exclusion of ineligible studies. We
resolved disagreements through discussion or, if required, we
consulted a third review author (JCJ). We recorded the selection
process in sufficient detail to complete a PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-analyses) flow
diagram (Moher 2009) and a Characteristics of excluded studies
table.

Data extraction and management

We recorded trial characteristics and outcome data using data
collection forms that had been piloted on at least one trial in the
review. Two review authors (SKK and JF) extracted the following
trial characteristics from included trials, when available.

« Methods: trial design, total duration of the trial, number of trial
centres and locations, trial setting, withdrawals and trial dates.

« Participants: number of participants in each intervention group,
mean age, age range, gender, severity of condition, diagnostic
criteria, baseline lung function, smoking history, inclusion
criteria and exclusion criteria.

« Interventions: intervention, comparison, pressure device, mask
interface and concomitant medications.

« Outcomes: primary and secondary outcomes specified and
collected and time points reported.

« Notes: funding for trial and notable conflicts of interest of trial
authors.

Two review authors (SKK and JF) independently extracted outcome
data from included trials. We noted in the Characteristics of
included studies table if outcome data were not reported in a
useable way. We resolved disagreements by consensus or by
consultation with a third person (JCJ). One review author (SKK)
transferred data into the Review Manager (Review Manager 2014)
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file. We double-checked that data were entered correctly by
comparing data presented in the systematic review with data
provided in the study reports. A second review author (JF) spot-
checked study characteristics for accuracy against the trial report.

Assessment of risk of bias in included studies

We used the instructions given in the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2011) in our
evaluation of the methods and hence the risk of bias of
included trials. Again, two review authors (SKK and JF) each
independently assessed the included trials. We evaluated the
methods in terms of generation of allocation sequence, allocation
concealment, blinding of participants and treatment providers,
blinding of outcome assessment, incomplete outcome data,
selective outcome reporting and other sources of bias, because
these components enabled classification of randomised trials with
low risk of bias and high risk of bias. The latter trials tend
to overestimate positive intervention effects and underestimate
negative effects (Moher 1998; Kjaergard 2001; Gluud 2006; Wood
2008; Lundh 2012; Savovic 2012).

We classified trials according to the components below.

Allocation sequence generation

« Lowrrisk: if sequence generation was achieved using a computer
random number generator or arandom numbers table. Drawing
lots, tossing a coin, shuffling cards and throwing dice were
also considered adequate if performed by an independent
adjudicator.

« Unclear risk: if the method of randomisation was not specified,
but the trial was still presented as randomised.

« Highrisk: if the allocation sequence was not randomised or was
only quasi-randomised.

Allocation concealment

« Low risk: if allocation of participants was performed by a central
independent unit, an on-site locked computer, identical-looking
numbered sealed envelopes or drug bottles or containers
prepared by an independent pharmacist or investigator.

« Uncertain risk: if the trial was classified as randomised but the
allocation concealment process was not described.

« High risk: if the allocation sequence was familiar to the
investigators who assigned participants.

Blinding of participants and treatment providers

o Lowrisk: if participants and treatment providers were blinded to
intervention allocation and this was described.

« Uncertain risk: if the procedure of blinding was insufficiently
described.

« Highrisk: if blinding of participants and treatment providers was
not performed.

Blinding of outcome assessment

« Low risk of bias: if it was mentioned that outcome assessors
were blinded and this was described.

« Uncertain risk of bias: if it was not mentioned whether outcome
assessors in the trial were blinded, or if the extent of blinding
was insufficiently described.

« High risk of bias: if no blinding or incomplete blinding of
outcome assessors was performed.

Incomplete outcome data

« Low risk of bias: if missing data were unlikely to make treatment
effects depart from plausible values. This could occur as (1)
no drop-outs or withdrawals reported for all outcomes, or (2)
numbers and reasons for withdrawals and drop-outs for all
outcomes clearly stated and described as similar in both groups.
Generally, we judged the trial as having low risk of bias due to
incomplete outcome data if drop-outs accounted for less than
5% of participants. However, the 5% cut-off is not definitive.

« Uncertain risk of bias: if information was insufficient for
assessment of whether missing data were likely to induce bias
in the results.

« High risk of bias: if results were likely to be biased owing
to missing data because the pattern of drop-outs could be
described as differentin the two intervention groups, or because
the trial used improper methods in dealing with missing data
(e.g. last observation carried forward).

Selective outcome reporting

+ Lowrisk of bias: if a protocol was published before or at the time
the trial was begun and investigators reported on the outcomes
specified in the protocol. If no protocol was available, or if the
protocolwas published after the trial had begun, reporting of all-
cause mortality and serious adverse events granted the trial a
grade of low risk of bias.

+ Uncertain risk of bias: if no protocol was published and
investigators did not report on the outcomes all-cause mortality
and serious adverse events.

« Highrisk of bias: if study authors did not report on the outcomes
included in the protocol.

Other bias

« Low risk of bias: if the trial appeared to be free of other
components (e.g. academic bias, for-profit bias) that could put
it at risk of bias.

+ Unclear risk of bias: if it was unclear whether other risk of bias
could affect trial results.

 High risk of bias: if other factors in the trial could put it at risk of
bias (e.g. authors have conducted trials on the same topic, for-
profit bias is present) .

Overall risk of bias

We assessed overall risk of bias in three groups, as it may be difficult
to blind participants and treatment providers performing NPPV.

+ Low risk of bias: We classified the outcome result as having
overall 'low risk of bias' only if all of the bias domains described
in the previous paragraphs were classified as presenting low risk
of bias.

+ Potentially medium risk of bias: We classified the outcome
result as having overall 'potentially medium risk of bias' if all
bias domains described in the previous paragraphs, excluding
'blinding of participants and personnel!, were classified as
presenting 'low risk of bias".

« High risk of bias: We classified the outcome result as having
'high risk of bias' if any of the bias risk domains described
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previously, excluding 'blinding of participants and personnel,
were classified as presenting 'unclear' or 'high risk of bias".

We assessed the domains 'Blinding of outcome assessment!,
'Incomplete outcome data' and 'Selective outcome reporting' for
each outcome. Thus, we planned to assess the bias risk for each
result, as well as for each trial. We based our primary conclusions
as well as our presentation in Summary of findings for the main
comparison on the results of our primary outcomes with low risk of
bias.

We graded each potential source of bias as high, low or unclear and
provided a quote from the trial report together with a justification
for our judgement in the Risk of bias in included studies table.
We summarised 'Risk of bias' judgements across different trials for
each of the domains listed.

Assessment of bias in conducting the systematic review

We conducted the review according to the published protocol
(Korang 2016) and reported any deviations under Differences
between protocol and review.

Measures of treatment effect
Dichotomous outcomes

We calculated risk ratios (RRs) with 95% confidence intervals (Cls)
for dichotomous outcomes.

Continous outcomes

We calculated mean differences (MDs) and standardised mean
differences (SMDs) with 95% Cls for continuous outcomes.

Dealing with missing data
Dichotomous outcomes

We did not impute missing values for any outcomes in our primary
analysis. In two of our sensitivity analyses, we planned to impute
data (see Sensitivity analysis).

Continuous outcomes

We primarily analysed scores assessed at single time points. If
only changes from baseline scores were reported, we planned to
analyse the results together with follow-up scores (Higgins 2011).
If standard deviations (SDs) were not reported, we planned to
calculate SDs using data from the trial if possible. We did not
use intention-to-treat data if the original report did not contain
such data. We did not impute missing values for any outcomes
in our primary analysis. In our sensitivity analysis for continuous
outcomes, we planned to impute data (see Sensitivity analysis).

We contacted investigators and trial sponsors to verify key trial
characteristics and to obtain missing numerical outcome data
when possible (e.g. when a study was identified as abstract only).

Assessment of heterogeneity

We planned to visually inspect forest plots to assess signs
of heterogeneity and to explore possible heterogeneity in our
prespecified subgroup analyses. We inspected trial characteristics
across trials to identify clinical heterogeneity. We planned to assess
the presence of statistical heterogeneity by using the Chi2 test

(threshold P <0.10) and to measure the quantities of heterogeneity
via the |12 statistic (Higgins 2002; Higgins 2003).

Assessment of reporting biases

We planned to use a funnel plot to assess reporting bias if we
included 10 or more trials. We planned to visually inspect funnel
plots to assess the risk of bias. For dichotomous outcomes, we
planned to test asymmetry by using the Harbord test (Harbord
2006). For continuous outcomes, we planned to use the regression
asymmetry test (Egger 1997) and the adjusted rank correlation
(Begg 1994). However, we did not perform any of these tasks
because data were insufficient.

Data synthesis
Meta-analysis

We undertook this meta-analysis according to the
recommendations stated in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011). We used the statistical
software Review Manager 5 (Review Manager 2014) provided by
Cochrane to analyse data.

We assessed our intervention effects by performing both random-
effects meta-analyses (DerSimonian 1986) and fixed-effect meta-
analyses (DeMets 1987). We used the more conservative point
estimate of the two (Jakobsen 2014). We used three primary
outcomes and, therefore, considered a P value of 0.025 or less as the
threshold for statistical significance (Jakobsen 2014). We used an
eight-step procedure to assess whether thresholds for significance
were crossed (Jakobsen 2014). We planned to base our primary
conclusion on results with low risk of bias (Jakobsen 2014).

When multiple trial arms were reported in a single trial, we planned
to include only the relevant arms. If two comparisons (e.g. CPAP
vs usual care and BiPAP vs usual care) were combined in the same
meta-analysis, we planned to halve the control group to avoid
double-counting.

Trial Sequential Analysis

Traditional meta-analysis runs the risk of random errors due to
sparse data and repetitive testing of accumulating data during
review updates. We therefore planned to perform Trial Sequential
Analyses on the outcomes, to calculate the required information
size and the cumulative Z-curve breach of relevant trial sequential
monitoring boundaries (Brok 2008; Wetterslev 2008; Brok 2009;
Thorlund 2009; Wetterslev 2009; Thorlund 2010; Thorlund 2011,
TSA 2011). We wished to control risks of type I and type Il errors. A
more detailed description of Trial Sequential Analysis can be found
at http://www.ctu.dk/tsa/.

For dichotomous outcomes, we planned to estimate the required
information size based on the observed, unweighted proportion of
participants with an outcome in the control group (the cumulative
proportion of participants with an event in the control groups
relative to all participants in the control groups), a relative risk
reduction of 20%, an alpha of 2.5%, a beta of 20% and diversity as
suggested by trials in the meta-analysis. For continuous outcomes
in the Trial Sequential Analysis, we planned to use the observed SD,
a mean difference in the observed SD/2, risk of type | error of 2.5%
and risk of type Il error of 20%.
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'Summary of findings' table

We created a 'Summary of findings' table using each of the
prespecified outcomes. We used the five GRADE considerations
(study limitations, consistency of effect, imprecision, indirectness
and publication bias) to assess the quality of the body of
evidence as it relates to the trials that contributed data to the
meta-analyses for prespecified outcomes. We used methods and
recommendations described in Section 8.5 and Chapter 12 of
the Cochrane Handbook for Systematic Reviews of Interventions
(Higgins 2011) and GRADEpro software. We justified all decisions to
downgrade or upgrade the quality of studies by using footnotes,
and we made comments to aid the reader's understanding of the
review when necessary. We planned to present in the 'Summary of
findings' table our results from trials with low risk of bias, as well as
our results from all trials.

Subgroup analysis and investigation of heterogeneity

We planned to carry out the following subgroup analyses for our
primary outcomes.

« High risk of bias trials versus low risk of bias trials.

« Age of participants: neonates (zero to one month), infants (one
month to one year), children of preschool age (one to five years),
children of school age (five to 12 years), adolescents (over 12
years).

« CPAP versus BIPAP.

« Trials including children with ‘clearly defined severe asthma’
versus remaining trials.

« Children who had good compliance with regular use of
inhaled corticosteroids versus those who had poor or unknown
compliance.

« Children who had good compliance with regular use of long-
acting beta agonists versus those who had poor or unknown
compliance.

« Types of masks used to administer NPPV.

We planned to use the formal test for subgroup interactions in
Review Manager (Review Manager 2014).

Sensitivity analysis

To assess the potential impact of missing data, we planned to
perform the following sensitivity analyses on primary outcomes.

« 'Best-worst-case' scenario: We planned to assume that all
participants lost to follow-up in the experimental group
survived, had no serious adverse events and had a beneficial
outcome with regards to the symptom score; and that all
participants with missing outcomes in the control group did not

survive, had a serious adverse event and had a harmful outcome
with regards to the symptom score.

« 'Worst-best-case' scenario: We planned to assume that all
participants lost to follow-up in the experimental group did not
survive, had a serious adverse event and had a harmful outcome
with regards to the symptom score; and that all participants
lost to follow-up in the control group survived, had no serious
adverse event and had a beneficial outcome with regards to the
symptom score.

When analysing continuous outcomes, we planned to define
a ‘beneficial outcome’ as the group mean plus two standard
deviations (SDs) of the group mean (we planned to then use one SD
in another analysis), and a ‘harmful outcome’ as the group mean
minus two SDs of the group mean (we planned to then use one SD
in another analysis) (Jakobsen 2014).

We planned to present results of both scenarios in our review.

To assess the potential impact of missing SDs for continuous
outcomes, we planned to perform the following sensitivity analysis.

When SDs are missing and it is not possible to calculate them, we
planned to impute SDs from trials with similar populations and low
risk of bias. If we found no such trials, we planned to impute SDs
from trials with a similar population. As the final option, we would
impute SDs from all trials.

We planned to present results of this scenario in our review.

Other post hoc sensitivity analyses might be warranted if we
identified unexpected clinical or statistical heterogeneity during
analysis of review results (Jakobsen 2014).

RESULTS

Description of studies

We assessed all studies according to the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011) and the protocol
for this review (Korang 2016). Characteristics of each study can be
found in the Characteristics of included studies, Characteristics of
excluded studies and Characteristics of ongoing studies tables.

Results of the search

Ourinitial search identified 311 references. We found no duplicates.
We deemed 33 studies relevant and obtained full texts for further
evaluation (see Figure 1). Of these, we included two completed
studies (Thill 2004; Basnet 2012). We added two ongoing trials
to the review, but these trials have not yet reported any data
(NCT02347462; NCT01497691).
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Figure 1. Flow diagram.

Full search 311 articles

L)

33 full text articles retrieved

L)

2 randomised cantrolled trials
included in meta-analysis

Included studies

Two trials met our inclusion criteria (Thill 2004; Basnet 2012). For
detailed descriptions, see the Characteristics of included studies
table.

Both were single-centre trials conducted in a PICU setting in the
United States.

Participants

The two studies included a total of 40 participants. The mean age
of participants was six years (range, zero to 11 years), and the mean
proportion of girls was 55%. We noted no statistically significant
differences in any of the baseline characteristics described (Thill
2004; Basnet 2012). This lack of statistical significance very well
could have been caused by random error due to small sample sizes
or due to systematic error caused by failed randomisation.

Interventions

Both included trials used BiPAP. Basnet 2012 intervened with BiPAP
for 24 hours, and Thill 2004 with BiPAP for two hours. Investigators
gradually increased inspiratory positive airway pressure to 8 cm
H,0 in Basnet 2012, and to 10 cm H,0 in Thill 2004. Both
trials set end-expiratory positive airway pressure to 5 cm H,0
(Thill 2004; Basnet 2012) and first tried nasal masks; if this was
unsuccessful, they applied full facemasks. Thill 2004 used an 'S/T
machine' (Respironics, Murrysville, PA), whereas Basnet 2012 used
'Vision Bipap' (Respironics).

In both trials, both groups received similar planned standard
care as a co-intervention (Thill 2004; Basnet 2012). Neither of the
included trials assessed the use of CPAP.

Co-interventions

Participants in both trials received standard of care. This included
continuous nebulised albuterol (as 10 mg/h (Thill 2004) or as
0.5 mg/kg, maximum 15 mg/kg (Basnet 2012)), intravenous

278 arficles excluded based on
fitle and abstract

31 articles excluded

methylprednisolone 1 to 2 mg/kg/d (maximum 80 mg/d) (Thill
2004; Basnet 2012) and supplemental oxygen. One trial also used
adjunct therapy, which included magnesium sulfate and helium-
oxygen heliox mixtures (Basnet 2012).

Outcomes

Only Thill 2004 reported all-cause mortality. Both trials reported
serious adverse events and provided symptom scores (Thill 2004;
Basnet 2012). Thill 2004 used the Clinical Asthma Score, and Basnet
2012 the Pediatric Asthma Severity Score.

Neither of these trials reported quality of life, costs or arterial blood
gases/pH. Both trials reported on non-serious adverse events (Thill
2004; Basnet 2012).

Excluded studies

We assessed 31 trials as relevant upon review of the abstract,
but later excluded them upon review of the full publication.
Eighteen of the excluded studies involved adult participants only
(Anderson 1982; Branscomb 1982; Webber 1982; Frischknecht
1991; Christensen 1993; Aron 1999; Cross 2003; Soroksky 2003;
de Miranda 2004; Bahera 2007; Soma 2008; Brandao 2009;
Brandao 2009a; Chaudhry 2010; Sutherasan 2011; Hanekom 2012;
Sutherasan 2013; Rondinel 2015). Three trials did not report
the age of participants and did not mention inclusion of any
children (Andersen 1982; Ferrari 2007; Filho 2009). We excluded
four trials because the children were not hospitalised (Parkes 1997;
Edwards 2003; Edwards 2004; Holbrook 2016). Three trials were
not randomised (Thill 1998; Soma 2002; Basnet 2010), one trial did
not include participants with asthma (Archis 2001) and in one trial,
participants received something other than NPPV (Compagnoni
2000). One trial included children and adults but did not provide
separate data for children (Fergusson 1983). See the Characteristics
of excluded studies table for full information.
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When participant age was unclear or separate data were not
available for children, we contacted the study authors. However, we
obtained no additional information on these trials.

Risk of bias in included studies

We assessed both included studies as having overall high risk of
bias (see Figure 2). We contacted the authors of both trials for

clarification, as some data were missing and several bias domains
were unclear. We received no response from Basnet 2012, but Thill
2004 provided us with details concerning serious adverse events
and the randomisation process.

Figure 2. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Allocation

Thill 2004 allocated participants with slips of paper drawn at
random from an envelope, resulting in assessment of 'unclear’ risk.
Thill 2004 did not describe allocation concealment. Basnet 2012
did not describe how allocation sequence generation or allocation
concealment was performed, and we judged risk in both domains
as 'unclear.

Blinding

Neither of the two included trials blinded participants or treatment
providers. As we assessed several other bias domains as having
high or uncertain risk, this did not affect the overall risk of bias in

accordance with our protocol (Korang 2016). Neither trial described
whether outcome assessors were blinded. However, both trials
(Thill 2004; Basnet 2012) used independent investigators to assess
symptom scores.

Incomplete outcome data

One trial reported four drop-outs and did not include them in the
analysis (Thill 2004). The other trial (Basnet 2012) performed a
secondary intention-to-treat analysis but provided only a P value
without full data for this analysis.
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Selective reporting

One trial did not report mortality (Basnet 2012), resulting in an
uncertain risk of bias. The other trial reported both mortality and
serious adverse events (Thill 2004). Neither trial provided a pre-
published protocol.

Other potential sources of bias

Review authors observed no other biases.

Effects of interventions

See: Summary of findings for the main comparison

Atotal of two trials (Thill 2004; Basnet 2012) met all of the inclusion
criteria. We were able to assess in part mortality, serious adverse
events and symptom scores as primary outcomes in addition
to the secondary outcomes of non-serious adverse events and
pneumonia.

Subgroup-analyses based on risk, age, type of NPPV, type of mask
and asthma severity were not performed, as the two trials were
in the same category with regard to these subgroups. None of the
trials described medical compliance.

Primary outcomes
All-cause mortality

One trial with 16 participants (eight in the NPPV arm and eight in
the control arm) assessed mortality (Thill 2004) and reported no
eventsin either group (Analysis 1.1). Hence, we performed no meta-
analysis and no Trial Sequential Analysis (TSA).

Serious adverse events

Both trials assessed a total of 35 participants (17 in the NPPV arm
and 18 in the control arm) for serious adverse events (Thill 2004;
Basnet 2012) and reported no events in either group (Analysis
2.1). Hence, we performed no meta-analysis and no TSA. Four
participants in Thill 2004 did not complete the trial (one was
intubated and three others reported discomfort with the BiPAP).
However, researchers did not include these participants in their
analysis.

Symptom scores

Both trials assessed a total of 35 participants (17 in the NPPV arm
and 18 in the control arm) for symptom scores (Thill 2004; Basnet
2012) (Analysis 3.1). However, neither the Basnet 2012 trial nor the
first phase of the cross-over trial (Thill 2004) reported standard
deviations (SDs). We therefore had to estimate the standard error
(SE) from the graph (Figure 2) in Basnet 2012 and then calculate the
SD. We estimated the SE to be 0.985 (SD =2.96) for the intervention
group, and 0.539 (SD = 1.7) for the control group when assessing the
primary time point of interest (zero to two hours). The calculated
SD indicated that Basnet 2012 reported a reduced symptom score
(mean difference (MD) -2.50, 95% confidence interval (Cl) -4.70 to
-0.30; P = 0.03, participants = 19, very low quality of evidence).
Thill 2004 provided a figure illustrating symptom scores at the end
of the intervention, for which a mean symptom score could be
approximated as 1.9 in the NPPV group and 5.6 in the control group.
According to our protocol, we would therefore try to impute SDs for
the Thill 2004 trial. However, this could not be done because the
two trials used different symptom score systems.

Heterogeneity

As we performed no meta-analysis, we did not estimate
heterogeneity.

Trial Sequential Analysis

As we performed no meta-analysis, we did not conduct a TSA.

Secondary outcomes
Non-serious adverse events

Thetwo trials assessed a total of 35 participants (17 in the NPPVarm
and 18 in the control arm) (Thill 2004; Basnet 2012) for non-serious
adverse events (see Table 1).

Health-related quality-of-life

No trials reported quality of life.

Arterial blood gases and pH

No trials reported blood gases or pH.

Pneumonia

One trial with 19 participants (nine in the NPPV arm and 10 in the
control arm) assessed pneumonia (Basnet 2012) and reported no
eventsin either group (Analysis 4.1). Hence, we performed no meta-
analysis.

Cost

Neither trial reported cost.
DISCUSSION

Summary of main results

We included two trials that randomised a total of 40 participants.
We assessed these trials as having high risk of bias and a total of five
drop-outs. We were able to perform neither meta-analysis nor Trial
Sequential Analysis (TSA) on our primary outcome of mortality, as
no events were reported. Both trials reported no serious adverse
events. Meta-analysis of symptom scores was not possible, as Thill
2004 was a cross-over trial and did not report a standard deviation
(SD), and we could not estimated the SD from before the cross-
over. We were not able to impute SDs from the Basnet 2012 trial, as
investigators used two different types of symptom score systems.
Both trials showed a statistically significant reduction in symptom
scores. Basnet 2012 showed that non-invasive positive pressure
ventilation (NPPV) improved symptom scores (mean difference
(MD) -2.50, 95% confidence interval (Cl) -4.70 to -0.30, P = 0.03,
19 participants, GRADE: very low quality of evidence). In Thill
2004, NPPV was also associated with a lower total symptom
score (5.6 vs 1.9, 19 participants, GRADE: very low quality of
evidence) before cross-over, although no SD was reported in the
assessment before the cross-over. Both trials favoured the NPPV
group. Researchers reported five drop-outs (12.5%), four of which
were due to intolerance to NPPV, and one to respiratory failure/
intubation. The benefits and harms of NPPV remain unclear owing
to the lack of well-powered trials and the high risk of systematic
errors.
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Observational studies and clinical experience

As already described in the Background, some observational
studies suggest that NPPV might be a safe alternative to invasive
ventilation in asthma and other types of respiratory failure (Keenan
2009). Some suggest beneficial effects on respiratory function
with the use of NPPV for acute asthma in children (Beers 2007,
Mayordomo-Colunga 2011; Williams 2011). Use of NPPV in children
with acute asthma has increased (Carroll 2013), perhaps because
clinicians have had positive experiences with NPPV. However,
observational studies and clinical expertise are insufficient to
permit full assessment of the benefits and harms of an intervention
(Jakobsen 2013; Hemkens 2016).

Choice of primary outcomes

Mortality is one of the most important outcomes for the patient.
However, the mortality rate among children with acute asthma
is low (Asher 2014). Therefore, a very large number of included
participants would be required for investigators to detect any
possible difference. Hence, one might question the relevance of all-
cause mortality as a primary outcome. The same argument might
be made for serious adverse events. However, one must be careful
when making assumptions, and it might be true that use of NPPV
would increase the mortality rate because in theory this could
delay necessary intubation. Therefore, we have chosen all-cause
mortality and serious adverse events as primary outcomes.

Our third primary outcome, symptom score, has been shown
to provide a quick assessment of response to treatment among
children with acute asthma when specific types of symptom scores
are used (Chalut 2000; Ducharme 2008). Symptom score might
also be a more realistic outcome for detecting differences between
intervention groups. Nevertheless, one should always carefully
consider the clinicalimplications and the clinical meaning of scores
and scales when interpreting such results. The danger always
exists that a given statistically significant result may not have
clinical relevance. To assess clinical relevance, an observational
study suggests that a reduction of three or more points should
be considered a clinically meaningful change in the 12-point
Preschool Respiratory Assessment Measure (PRAM) score system
(Ducharme 2008). The two symptom score systems observed in the
included trials are eight-point and nine-point systems; therefore, a
reduction of three or more points would surely represent a clinically
significant change (Thill 2004; Basnet 2012).

Overall completeness and applicability of evidence

We were not able to perform any meta-analyses. Therefore, we
cannot conclude whether NPPV shows benefit or harm compared
with standard care in children with acute asthma. More and larger
randomised clinicaltrials with low risks of bias are needed to assess
this.

Quality of the evidence
Heterogeneity

As no meta-analysis was performed, we did not assess
heterogeneity.

Risk of systematic error ('bias’)

We found no studies and no outcome results with low risk of
bias. Our results may show an overestimation of benefit and

an underestimation of harm associated with nutritional support
(Savovic 2012).

It was not possible to assess publication bias, as we included only
two studies.

Risk of random error ('play of chance')

It was not possible to perform TSA, as we performed no meta-
analysis.

GRADE

We have assessed the quality of the evidence for each outcome
by using the GRADE approach (Summary of findings for the
main comparison). The GRADE assessment generally showed
that evidence was of very low quality. Reasons for the GRADE
assessment are given in the footnotes of the table (Summary of
findings for the main comparison).

Potential biases in the review process

The main limitation of this Cochrane review is the paucity of
evidence for the use of NPPV in children with asthma. We made
numerous attempts to contact the authors of different trials to
obtain raw data. However, our inability to obtain all relevant
information might introduce a bias, which has the potential to
alter the outcome of the meta-analysis. In addition, biases that
occur because of the methodological design of included studies
might not be adequately accounted for, despite assessment by two
independent review authors. Another potential limitation of this
review design is that NPPV is often administered in an intensive
care unit (ICU) setting, whereas usual care might be provided in
a non-ICU setting, accounting for risk of potential bias involving
randomisation of participants not only to different intervention
groups but also to different settings. However, this was not the case
in the included trials, in which all randomised participants were
treated in an ICU setting.

Agreements and disagreements with other studies or
reviews

One review (Silva 2015) was published while this review was being
conducted. This published review also included observational
studies, and review authors conducts no meta-analysis. The
conclusion of review authors was that NPPV is applicable in
the treatment of status asthmaticus in most paediatric patients
unresponsive to standard treatment (Silva 2015). However, they
also concluded that the current body of evidence is not conclusive,
and that further high-quality research is needed to estimate the
effect of NPPV in children with acute asthma (Silva 2015).

AUTHORS' CONCLUSIONS

Implications for practice

Current evidence does not allow confirmation or rejection of
the effects of NPPV in children with acute asthma. If a child is
admitted with acute asthma, and it is assessed that intubation is
not indicated at the moment, one might consider NPPV as an add-
on therapy to standard care. Use of NPPV remains controversial,
and additional research is required before changes to standard
practice can be recommended.
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Implications for research

High-quality randomised clinical trials are needed to assess the
effects of NPPV in children with acute asthma. Such trials should:

« randomise a sufficient number of participants to demonstrate a
reliable result;

« assess all-cause mortality, serious adverse events, asthma
symptom scores and quality of life;

+ be conducted with low risk of bias; and

« blind treatment providers and participants through
subtherapeutic (sham) NPPV; low pressures (e.g. <5 cm H;0)
can be used in an attempt to mask NPPV treatment (as
demonstrated by Soroksky 2003) to eliminate the bias that lack
of blinding. However, we cannot exclude the possibility that
sham NPPV may be harmful; therefore, this recommendation
should be considered only on a case-by-case basis.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Basnet 2012

Methods

Randomised clinical trial, PICU, St. John’s Children’s Hospital (Springfield, IL), January 2009 to January
2010

Participants

20 hospitalised children with known history of asthma admitted to the paediatric intensive care unit
with status asthmaticus

Male:Female = 11:9, mean age = 6 years (range, 3-11 years)

Exclusion criteria: participants with no previous history of asthma, absence of airway-protective re-
flexes, absence of respiratory drive, need for emergent intubation as determined by the attending
physician, facial or airway anomaly or injury precluding use of a tight-fitting mask

Interventions

Experimental group: BiPAP for 24 hours. Inspiratory positive airway pressure was gradually increased
to 8 cm H,0 to achieve a tidal volume of 6 to 9 mL/kg and end-expiratory positive airway pressure to

5 cm H,0. Nasal masks were tried initially; if pressures of 8/5 could not be maintained, a full facemask

was applied.
Control group: no intervention

Co-interventions: Participants in both groups continued to receive standard of care. All participants
were started on continuous nebulised albuterol (0.5 mg/kg; maximum, 15 mg/kg), intravenous methyl-
prednisolone 2 mg/kg/d (maximum, 80 mg/d) and supplemental oxygen to keep saturation at>92%.
Adjunct therapy, which included magnesium sulfate and helium-oxygen heliox) mixtures, was provid-
ed at the attending physician’s discretion at any point in time 2 hours after study initiation, if CAS was
greater than the score at initiation.

Outcomes Pediatric Asthma Severity Score, heart rate, respiratory rate, transcutaneous oxygen saturation, need
for supplemental oxygen set by the respiratory therapist to keep oxygen saturation at >92%
Side effects: (minor) nasal bridge pain and skin irritation, gastric insufflations, sinus and ear pain, dry
eyes, (major) hypotension, pneumothorax, aspiration pneumonia. Need for adjunct therapy

Notes Study authors were contacted on 19/2-2016 by email (sbasnet@siumed.edu), and no response was re-
ceived.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Not described

tion (selection bias)

Allocation concealment Unclear risk Not described

(selection bias)

Blinding of participants High risk No blinding of participants or personnel

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Investigators used independent observers - bedside respiratory therapists - to

sessment (detection bias) apply the scoring system, but it was unclear whether they were blinded to the

All outcomes intervention.

Incomplete outcome data  Unclear risk Although study authors used intention-to-treat data in a secondary analysis,

(attrition bias) and it would seem they have no missing data, they did not report the mean
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Basnet 2012 (Continued)
All outcomes when including the missing participant, giving the trial a 10% drop-out rate in
the experimental group.

Selective reporting (re- Unclear risk No protocol could be obtained, and the trial did not report mortality.
porting bias)

Other bias Low risk The trial was "Supported, in part, by Central Research Committee, Southern
Illinois University." No other bias was observed.

Thill 2004

Methods Randomised clinical cross-over trial, Children’s Memorial Hospital Pediatric Intensive Care Unit (Chica-
go, IL)

Participants 20 hospitalised children with lower airway obstruction characterised by increased work of breathing,
wheezing and dyspnoea, and a CAS >3
Male:Female = unknown, mean age = 6 years (range, 0-11 years)
Exclusion criteria: presence of a tracheostomy tube, absence of airway protective reflexes, need for
emergent intubation as determined by the attending physician, facial or airway anomaly or injury pre-
cluding use of a tight-fitting mask, CAS > 8, discretion of the attending physician

Interventions Experimental group: received 2 hours of NPPV. NPPV was administered with a bilevel positive air-
way pressure ventilation S/T machine via a tight-fitting nasal mask, fitted and held in place with head
straps. If an appropriately sized nasal mask was not available, a full-facemask was used.
NPPV was initiated in spontaneous mode without a backup rate, with inspiratory positive airway pres-
sure of 10 cm H,0 and expiratory positive airway pressure of 5 cm H,0; settings remained unchanged
throughout the course of the study period.
Control group: conventional therapy
Co-interventions: All participants received conventional therapy for lower airway obstruction at the
discretion of the attending physician, including supplemental oxygen via a high-flow Venturi mask sys-
tem, with FiO, titrated by oxygen blender, inhaled beta,-agonists (continuous nebulized albuterol, 10
mg/h) and intravenous corticosteroids (methylprednisolone, 1 to 2 mg/kg). No therapy was withdrawn
or
added during the study period.

Outcomes Mortality, respiratory rate, Clinical Asthma Score (score: 0 to 9), oxygen saturation, transcutaneous CO»,
adverse events, participant experience with NPPV

Notes Study authors were contacted on pthille5@gmail.com, and information regarding randomisation and
serious adverse events was obtained.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk The randomisation process to determine whether to start on or off BiPAP was

tion (selection bias) done with slips of paper drawn at random from an envelope.

Allocation concealment Unclear risk Not described

(selection bias)
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Thill 2004 (continued)

Blinding of participants High risk No blinding of participants or personnel
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Unclear risk Not described
sessment (detection bias)
All outcomes

Incomplete outcome data  High risk Four participants dropped out and were not accounted for in the analysis.
(attrition bias)
All outcomes

Selective reporting (re- Low risk No protocol was found, but the trial reported on serious adverse events and
porting bias) mortality.
Other bias Low risk No outside funding; labor was provided by the investigators, and computer

and technical assistance through the resources of my Pediatric Critical Care
fellowship programme and Northwestern University's Childrens Memorial
Hospital (now Lurie Childrens). No additional biases were observed.

BiPAP: bilateral positive airway pressure.
CAS: Clinical Asthma Score.

FiO,: fraction of inspired oxygen.

NPPV: non-positive pressure ventilation.
PICU: paediatric intensive care unit.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion
Andersen 1982 The age of participants was unclear. No mention of children. Not able to contact study authors
Anderson 1982 Participants were adults.
Archis 2001 Participants did not have asthma. No mention of children
Aron 1999 Participants were adults.
Bahera 2007 Participants were adults.
Basnet 2010 Not randomised
Brandao 2009 Participants were adults.
Brandao 2009a Participants were adults.
Branscomb 1982 Participants were adults.
Chaudhry 2010 Participants were adults.
Christensen 1993 Participants were adults.
Compagnoni 2000 No NPPV
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Study

Reason for exclusion

Cross 2003

Participants were adults.

de Miranda 2004

Participants were adults.

Edwards 2003

Participants were not hospitalised.

Edwards 2004

Participants were not hospitalised.

Fergusson 1983

Participants included adults and children with life-threatening asthma. However, we were unable
to extract separate data for the children, and it was not possible to establish contact with study au-
thors.

Ferrari 2007

The age of participants was unclear. No mention of children

Filho 2009

The age of participants was unclear. No mention of children

Frischknecht 1991

Participants were adults.

Hanekom 2012

Participants were adults.

Holbrook 2016

Participants were not hospitalised and were asthmatic participants in a chronic stable state.

Parkes 1997

Participants were asthmatic patients in a chronic stable state.

Rondinel 2015

Participants were adults.

Soma 2002 Not randomised
Soma 2008 Participants were adults.
Soroksky 2003 Participants were adults.

Sutherasan 2011

Participants were adults.

Sutherasan 2013

Participants were adults.

Thill 1998

Not a randomised trial

Webber 1982

Participants were adults.

Characteristics of ongoing studies [ordered by study ID]

NCT01497691

Trial name or title

Noninvasive Positive Airway Pressure in the Pediatric Emergency Department for the Treatment of
Acute Asthma Exacerbations

Methods

Randomised clinical trial

Participants

o 2to18yearsold

« For participants 3 years of age and older, a known history of asthma as diagnosed by the PCP or
per the Vanderbilt problem list
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NCT01497691 (Continued)

« For children 2 to 3 years of age, 4 or more episodes of wheezing in the past year that lasted longer
than 1 day and affected sleep AND one of the following: parental history of asthma, physician
diagnosis of atopic dermatitis or evidence of sensitisation to aeroallergens

« Acute asthma exacerbation

« PAS=8

« Parents willing and able to sign consent

« Children over the age of 6 willing to provide assent

Interventions

Intervention group will receive all standard of care therapies as per the paediatric ED

Asthma Severity Protocol. All nebulised treatments will be given via the NIPPV/BiPAP machine. Set-
tings will be adjusted on the basis of age and clinical presentation of the child.

Outcomes

Primary outcome measure
« Change in Pediatric Asthma Score
Secondary outcome measures

« Volumetric end-tidal CO, trend

« Respiratory parameters

« Cardiac output

« Intubation and complication rates
« Length of hospital stay

Starting date

2013 January

Contact information

abby.m.williams@vanderbilt.edu

Notes

NCT02347462

Trial name or title

BiPAP for the Treatment of Moderate to Severe Acute Asthma Exacerbations

Methods

Randomised clinical trial

Participants

« 2to18yearsold
« Admitted to BC Children's Hospital with a clinical diagnosis of an acute asthma exacerbation

« PRAM score > 3 after initial treatment with 3 rounds of inhaled salbutamol and ipratropium bro-
mide, and 1 dose of systemic steroid

« Parents willing and able to sign consent
« Children over the age of 6 willing to provide assent

Interventions

Children in the intervention group will receive BiPAP (Trilogy, Philips Respironics; spontaneous
trigger mode) via nasal mask or full facemask. EPAP will be set at 5 cm H,O. IPAP will be titrated to
achieve a tidal volume of 6 to 9 mL/kg. These settings will remain unchanged throughout the study
period.

Outcomes

Primary outcome measure
« PRAM
Secondary outcome measures

« Intubation and complication rates
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NCT02347462 (Continued)

« Hospital re-admission
« Inhaled bronchodilator utilisation
« Intravenous bronchodilator utilisation

« Comparison of total number of hours of intravenous bronchodilator infusion received by children
in each arm

« Length of hospital stay

Starting date April 2015
Contact information mseear@cw.bc.ca
Notes

BiPAP: bilateral positive airway pressure.

ED: emergency department.

EPAP: end-expiratory positive airway pressure.
IPAP: inspiratory positive airway pressure.

NPPV: non-positive pressure ventilation.

PCP: primary care physician

PRAM: Pediatric Respiratory Assessment Measure.

DATA AND ANALYSES

Comparison 1. Mortality

Outcome or subgroup No. of studies No. of partici- Statistical method Effect size
title pants
1 Mortality 1 16 Risk Difference (M-H, Random, 95% Cl) 0.0[-0.21,0.21]

Analysis 1.1. Comparison 1 Mortality, Outcome 1 Mortality.

Study or subgroup NPPV Standard care Risk Difference Weight Risk Difference
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl

Thill 2004 0/8 0/8 B 100% 0[-0.21,0.21]
Total (95% Cl) 8 8 ‘ 100% 0[-0.21,0.21]
Total events: 0 (NPPV), 0 (Standard care) ‘

Heterogeneity: Not applicable ‘

Test for overall effect: Not applicable ‘

Favours [NPPV] -1 -0.5 0 05 1 Favours [Standard care]

Comparison 2. Serious adverse event time point closest to hospital discharge

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Serious adverse events 2 35 Risk Ratio (M-H, Random, 95% Cl) 0.0[0.0, 0.0]
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Analysis 2.1. Comparison 2 Serious adverse event time point
closest to hospital discharge, Outcome 1 Serious adverse events.

Study or subgroup NPPV Standard care Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Basnet 2012 0/9 0/10 Not estimable
Thill 2004 0/8 0/8 Not estimable
Total (95% Cl) 17 18 Not estimable

Total events: 0 (NPPV), 0 (Standard care)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours [NPPV]  0.01 0.1 1 10 100 Favours [Standard care]
Comparison 3. Asthma symptom score
Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size
pants
1 Asthma symptom score in the acute 1 19 Mean Difference (IV, Fixed, -2.5[-4.70,-0.30]
phase 95% Cl)

Analysis 3.1. Comparison 3 Asthma symptom score, Outcome 1 Asthma symptom score in the acute phase.

Study or subgroup NPPV Standard care Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Fixed, 95% CI Fixed, 95% CI

Basnet 2012 9 3.8(3) 10 6.3(L.7) . 100% -2.5[-4.7,-0.3]

Total *** 9 10 0{ 100% -2.5[-4.7,-0.3]

Heterogeneity: Not applicable ‘

Test for overall effect: Z=2.22(P=0.03) ‘

Favours [NPPV]  -100 -50 0 50 100 Favours [Standard care]

Comparison 4. Pneumonia

Outcome or subgroup title No. of studies No. of partici- Statistical method Effect size

pants

1 Pneumonia 1 19 Risk Ratio (M-H, Fixed, 95% Cl) 0.0[0.0,0.0]
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Analysis 4.1. Comparison 4 Pneumonia, Outcome 1 Pneumonia.

Study or subgroup NPPV Standard care Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Basnet 2012 0/9 0/10 Not estimable
Total (95% Cl) 9 10 Not estimable

Total events: 0 (NPPV), 0 (Standard care)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours [NPPV]  0.01 0.1 1 10 100 Favours [Standard care]
ADDITIONAL TABLES
Table 1. Non-serious adverse events
Trial Events in experimental group Events in control
group
Thill 2004 4 (including 2 participants with mild nasal 0
bridge pain, 1 with redness around
the nose without skin breakdown and
1 with dry eyes)
Basnet 2012 0 0

APPENDICES

Appendix 1. Sources and search methods for the Cochrane Airways Group Specialised Register (CAGR)

Electronic searches: core databases

Database Frequency of search
CENTRAL (The Cochrane Library) Monthly

MEDLINE (Ovid) Weekly

Embase (Ovid) Weekly

PsycINFO (Ovid) Monthly

CINAHL (EBSCO) Monthly

AMED (EBSCO) Monthly

Handsearches: core respiratory conference abstracts

Non-invasive positive pressure ventilation for acute asthma in children (Review)
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Conference

Years searched

American Academy of Allergy, Asthma and Immunology (AAAAI)

2001 onwards

American Thoracic Society (ATS)

2001 onwards

Asia Pacific Society of Respirology (APSR) 2004 onwards
British Thoracic Society Winter Meeting (BTS) 2000 onwards
Chest Meeting 2003 onwards

European Respiratory Society (ERS)

1992, 1994, 2000 onwards

International Primary Care Respiratory Group Congress (IPCRG)

2002 onwards

Thoracic Society of Australia and New Zealand (TSANZ)

1999 onwards

MEDLINE search strategy used to identify trials for the CAGR
Asthma search

1. exp Asthma/

2. asthma$.mp.

w

. (antiasthma$ or anti-asthma$).mp.

N

. Respiratory Sounds/

(&3]

. wheez$.mp.

6. Bronchial Spasm/

~

. bronchospas$.mp.

8. (bronch$ adj3 spasms).mp.

9. bronchoconstrict$.mp.

10. exp Bronchoconstriction/

11. (bronch$ adj3 constrict$).mp.
12. Bronchial Hyperreactivity/

13. Respiratory Hypersensitivity/

14. ((bronchial$ or respiratory or airway$ or lung$) adj3 (hypersensitiv$ or hyperreactiv$ or allerg$ or insufficiency)).mp.

15. ((dust or mite$) adj3 (allerg$ or hypersensitiv$)).mp.
16. 0r/1-15

Filter to identify RCTs

1. exp "clinical trial [publication type]"/
2. (randomized or randomised).ab,ti.
3. placebo.abiti.

4, dt.fs.

Non-invasive positive pressure ventilation for acute asthma in children (Review)
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5. randomly.ab,ti.

6. trial.abti.

7. groups.abti.

8.or/1-7

9. Animals/

10. Humans/

11.9 not (9 and 10)

12.8nnot 11

The MEDLINE strategy and RCT filter are adapted to identify trials in other electronic databases.

Appendix 2. Search strategy to identify relevant trials from the CAGR
#1 AST:MISC1

#2 MeSH DESCRIPTOR Asthma Explode All

#3 asthma*:ti,ab

#4 #1 or #2 or #3

#5 MeSH DESCRIPTOR Positive-Pressure Respiration Explode All

#6 NPPV

#7 NIPPV

#8 CPAP

#9 BiPAP

#10 non-invasive or "non invasive"

#11 positive-pressure or "positive pressure"

#12 "pressure support" or pressure-support

#13 "positive airway" or positive-airway

#14 airway NEXT pressure or airway-pressure

#15 "pressure control" or pressure-control

#16 bi-level™ or bilevel*

#17 ventilat* NEAR3 support*®

#18 volume NEXT control or volume-control

#19 ((nasal* OR mechanical*) NEAR3 ventilat*)

#20#5 or#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 or #19
#21 #4 AND #20

[Note: in search line #1, MISC1 denotes the field in the record in which the reference has been coded for condiiton, in this case, asthma]
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