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A B S T R A C T

Background

Asthma is an illness that commonly aIects adults and children, and it serves as a common reason for children to attend emergency
departments. An asthma exacerbation is characterised by acute or subacute worsening of shortness of breath, cough, wheezing, and chest
tightness and may be triggered by viral respiratory infection, poor compliance with usual medication, a change in the weather, or exposure
to allergens or irritants.

Most children with asthma have mild or moderate exacerbations and respond well to first-line therapy (inhaled short-acting beta-agonists
and systemic corticosteroids). However, the best treatment for the small proportion of seriously ill children who do not respond to first-line
therapy is not well understood. Currently, a large number of treatment options are available and there is wide variation in management.

Objectives

Main objective

- To summarise Cochrane Reviews with or without meta-analyses of randomised controlled trials on the eIicacy and safety of second-line
treatment for children with acute exacerbations of asthma (i.e. aKer first-line treatments, titrated oxygen delivery, and administration of
intermittent inhaled short-acting beta2-agonists and oral corticosteroids have been tried and have failed)

Secondary objectives

- To identify gaps in the current evidence base that will inform recommendations for future research and subsequent Cochrane Reviews

- To categorise information on reported outcome measures used in trials of escalation of treatment for acute exacerbations of asthma in
children, and to make recommendations for development and reporting of standard outcomes in future trials and reviews
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- To identify relevant randomised controlled trials that have been published since the date of publication of each included review

Methods

We included Cochrane Reviews assessing interventions for children with acute exacerbations of asthma. We searched the Cochrane
Database of Systematic Reviews. The search is current to 28 December 2019. We also identified trials that were potentially eligible for, but
were not currently included in, published reviews. We assessed the quality of included reviews using the ROBIS criteria (tool used to assess
risk of bias in systematic reviews). We presented an evidence synthesis of data from reviews alongside an evidence map of clinical trials.
Primary outcomes were length of stay, hospital admission, intensive care unit admission, and adverse eIects. We summarised all findings
in the text and reported data for each outcome in 'Additional tables'.

Main results

We identified 17 potentially eligible Cochrane Reviews but extracted data from, and rated the quality of, 13 reviews that reported results
for children alone. We excluded four reviews as one did not include any randomised controlled trials (RCTs), one did not provide subgroup
data for children, and the last two had been updated and replaced by subsequent reviews.

The 13 reviews included 67 trials; the number of trials in each review ranged from a single trial up to 27 trials. The vast majority of
comparisons included between one and three trials, involving fewer than 100 participants. The total number of participants included in
reviews ranged from 40 to 2630. All studies included children; 16 (24%) included children younger than two years of age. Most of the reviews
reported search dates older than four years.

We have summarised the published evidence as outlined in Cochrane Reviews. Key findings, in terms of our primary outcomes, are that
(1) intravenous magnesium sulfate was the only intervention shown to reduce hospital length of stay (high-certainty evidence); (2) no
evidence suggested that any intervention reduced the risk of intensive care admission (low- to very low-certainty evidence); (3) the risk of
hospital admission was reduced by the addition of inhaled anticholinergic agents to inhaled beta2-agonists (moderate-certainty evidence),

the use of intravenous magnesium sulfate (high-certainty evidence), and the use of inhaled heliox (low-certainty evidence); (4) the addition
of inhaled magnesium sulfate to usual bronchodilator therapy appears to reduce serious adverse events during hospital admission
(moderate-certainty evidence); (5) aminophylline increased vomiting compared to placebo (moderate-certainty evidence) and increased
nausea and nausea/vomiting compared to intravenous beta2-agonists (low-certainty evidence); and (6) the addition of anticholinergic

therapy to short-acting beta2-agonists appeared to reduce the risk of nausea (high-certainty evidence) and tremor (moderate-certainty

evidence) but not vomiting (low-certainty evidence).

We considered 4 of the 13 reviews to be at high risk of bias based on the ROBIS framework. In all cases, this was due to concerns regarding
identification and selection of studies. The certainty of evidence varied widely (by review and also by outcome) and ranged from very low
to high.

Authors' conclusions

This overview provides the most up-to-date evidence on interventions for escalation of therapy for acute exacerbations of asthma in
children from Cochrane Reviews of randomised controlled trials. A vast majority of comparisons involved between one and three trials and
fewer than 100 participants, making it diIicult to assess the balance between benefits and potential harms. Due to the lack of comparative
studies between various treatment options, we are unable to make firm practice recommendations. Intravenous magnesium sulfate
appears to reduce both hospital length of stay and the risk of hospital admission. Hospital admission is also reduced with the addition
of inhaled anticholinergic agents to inhaled beta2-agonists. However, further research is required to determine which patients are most

likely to benefit from these therapies.

Due to the relatively rare incidence of acute severe paediatric asthma, multi-centre research will be required to generate high-quality
evidence. A number of existing Cochrane Reviews should be updated, and we recommend that a new review be conducted on the use of
high-flow nasal oxygen therapy. Important priorities include development of an internationally agreed core outcome set for future trials
in acute severe asthma exacerbations and determination of clinically important diIerences in these outcomes, which can then inform
adequately powered future trials.

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

Interventions for acute severe asthma attacks in children: an overview of Cochrane Reviews

Background

Asthma is a common childhood illness that is caused by narrowing of the small air passages in the lungs. This narrowing is due to swelling
and inflammation and to muscles around the air passages becoming tighter. An acute asthma attack results in shortness of breath, cough,
wheeze, and chest tightness.
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When children have an asthma attack, the standard treatment is to give steroids to reduce inflammation and swelling (usually given by
mouth) and inhaled medications to relax the muscles in the air passages (called "bronchodilators"). In this review, we call that standard
treatment "first-line" treatment. These medications are well understood to be the best treatments for use in the first instance.

Some children's asthma attacks do not improve with first-line treatment, and more treatment is necessary - usually at the emergency
department or hospital; in this review, we call this 'second-line' treatment. However, the best second-line treatment for children who do
not respond to first-line treatment is poorly understood. Many treatment options are available, and what is done for children varies from
hospital to hospital.

We wanted to look at existing Cochrane Reviews of second-line treatments for children having asthma attacks. We hoped to be able to
bring this information together in a useful document and to be able to present the evidence that would help the practitioner make the best
treatment decision for each child having an asthma attack when inhaled bronchodilators and oral steroids have not helped with symptoms.

Review question

What is the eIectiveness and safety of treatment options available for children with acute asthma who do not improve with standard first-
line treatment?

Study characteristics

We included 13 Cochrane Systematic Reviews on various treatment options, including inhaled medication, intravenous medications,
and other therapies. This overview provides the most up-to-date evidence from systematic reviews with meta-analyses of randomised
controlled trials on acute severe asthma in children. This overview is current to December 2019.

Quality of the evidence

The quality of these reviews was assessed using a checklist, which helped us assess the risk of bias. Nine of the 13 reviews were
considered to be high quality. Four reviews were considered at risk of bias due to concerns with the way studies were identified for
inclusion in the reviews. Most of the reviews are out-of-date because they have not been updated since 2016. The quality of evidence for
specific comparisons ranged from very low to high, with many results coming from small studies. It is diIicult to be confident in making
recommendations for clinical practice.

Key results

For children with acute severe asthma requiring additional treatment, we found that:

- intravenous magnesium sulfate (a bronchodilator given through a vein) appears to reduce the length of time spent in hospital;

- no evidence suggests that any treatment reduced the risk of being admitted to intensive care;

- some treatments appeared to reduce the risk of hospital admission. These included adding a second type of inhaled bronchodilator
treatment (anticholinergic medication such as ipratropium bromide) to standard inhaled treatment (beta-agonist such as salbutamol),
giving intravenous magnesium sulfate, and breathing a mixture of helium and oxygen;

- serious adverse events may be reduced by inhaled magnesium sulfate;

- nausea and/or vomiting is more common with aminophylline (another bronchodilator medication given through a vein); and

- adding a second type of inhaled bronchodilator treatment (anticholinergic medication such as Ipratropium bromide) reduces the risk of
nausea and tremor but not vomiting.

Recommendations for future research

One of the major problems with existing research is that a small number of patients is included in each study, likely because severe acute
asthma in children is relatively uncommon. To work out whether or not a treatment is eIective and/or to tell the diIerence between
treatments, a research study must include enough patients receiving each treatment. Therefore, high-quality research into severe acute
asthma in children is likely to require studies that include a number of hospitals.

It is also important to be able to compare results across studies. To do this, researchers across the world should agree on a standard way
of measuring results in studies of acute severe asthma in children.
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B A C K G R O U N D

Description of the condition

Asthma is defined as "a chronic inflammatory disorder
associated with variable airflow obstruction and bronchial hyper-
responsiveness" (Papadopoulos 2012). Clinical features include
recurrent episodes of cough, shortness of breath, wheeze, and
chest tightness (Papadopoulos 2012), which may be triggered by
viral respiratory infection, poor compliance with usual medication,
exercise, a change in the weather, or exposure to allergens or
irritants (GINA 2019).

Airflow obstruction results primarily from episodic
bronchoconstriction due to contraction of airway smooth muscle.
However, other mechanisms also contribute, including mucosal
oedema, inflammation, mucus hyper-secretion, airway hyper-
responsiveness, and airway remodelling (NHLBI 2007).

The diagnosis and management of asthma are complicated in
younger children, particularly those from birth to five years (Cave
2014). In this age group, viral-induced wheezing is very common
and has clinical features overlapping those of asthma but does not
necessarily have the same longer-term implications (Martinez 1995;
Caudri 2009; Konstantinou 2013).

Care of a child with asthma requires long-term management
aimed at preventing recurrent exacerbations, as well as acute
management of symptomatic exacerbations. Treatment for asthma
addresses the underlying pathophysiological mechanisms of
inflammation and bronchoconstriction.

An asthma exacerbation is defined as an "acute or subacute
episode of progressively worsening shortness of breath, cough,
wheezing, and chest tightness - or some combination of these
symptoms" (NHLBI 2007). First-line therapy for management of
acute exacerbations of asthma is well established and requires
titrated oxygen delivery and administration of intermittent inhaled
short-acting beta2-agonists (SABAs) and oral corticosteroids (OCSs)

(NHLBI 2007; GINA 2019; National Asthma Council Australia 2019).

Description of the interventions

Most children with asthma have mild or moderate exacerbations
and respond well to first-line therapy (Powell 2003; Kelly 2004;
Giordano 2012; O'Connor 2014). A minority of children with
severe exacerbations are unresponsive to first-line therapy and
require escalation of (i.e. second-line) treatment (O'Connor 2014;
Biagini Myers 2015; Morris 2015). Many options are available for
second-line treatment, and available regimens show considerable
variability amongst healthcare providers (Babl 2008; Lyttle 2015).

Second-line treatment can be grouped into the following broad
categories.

• Additional inhaled bronchodilators, including continuous
inhaled beta2-agonists, anticholinergic medications such as

ipratropium, and nebulised magnesium sulfate.

• Parenteral bronchodilators, including selective beta2-agonists

such as salbutamol or terbutaline; adrenaline (epinephrine),
an agonist at both α- and β-receptors; magnesium sulfate;
methylxanthines such as theophylline or aminophylline;
and ketamine. Subcutaneous, intramuscular, and intravenous

routes may be utilised, and intravenous treatment may be
delivered as a single loading dose or as a continuous infusion.

• Interventions to reduce the work of breathing, including
inhalation of heliox (a mixture of helium and oxygen),
administration of high-flow humidified nasal oxygen therapy, or
provision of non-invasive ventilation with the use of continuous
positive airway pressure (CPAP) or bi-level positive airway
pressure (BiPAP).

How the intervention might work

Bronchodilators

Relief of bronchoconstriction, a major therapeutic target in
an acute exacerbation of asthma, is achieved by several
pharmacological agents acting by various mechanisms. Inhaled
short-acting beta2-agonists (SABAs), such as salbutamol and

terbutaline, are eIective, provide rapid onset of action, and are
accepted as first-line therapy for acute asthma exacerbations
(Vezina 2014). In young children, administration using a spacer or a
holding chamber is preferred over delivery via nebuliser (Ferguson
2006). In patients with severe exacerbations unresponsive to first-
line administration of an intermittent inhaled SABA, healthcare
providers may wish to administer continuous inhaled SABA
(oKen by nebuliser) to saturate all available respiratory tract
beta2-receptors and achieve maximum bronchodilation from this

pathway (Kenyon 2014). If a patient requires oxygen, this can be
provided via nasal prongs and SABA administered by spacer, or,
alternatively, oxygen can be used to nebulise SABA.

Inhaled anticholinergic agents such as ipratropium bromide
are thought to cause bronchodilation by relieving cholinergic
bronchoconstriction and reducing mucosal oedema and airway
secretions (Vezina 2014). Although not as eIective as beta2-

agonists, it has been suggested that combining these medications
may lead to greater bronchodilation than using either agent alone
(GriIiths 2013).

Magnesium sulfate is an eIective bronchodilator and is
administered by nebuliser or by the intravenous route. The mode
of action of magnesium sulfate is thought to be related to
direct smooth muscle relaxation; however, additional mechanisms
may be related to blocking calcium ion influx into smooth
muscle cells, thus modulating mast cell histamine release, anti-
inflammatory properties, and cholinergic neural transmission
(Powell 2012). Some evidence suggests that simultaneous
administration of magnesium sulfate and a beta2-agonist has

an additive bronchodilator eIect, perhaps owing to magnesium
sulfate augmenting the beta-receptor agonist response (Neame
2015).

In the setting of severe acute asthma, it has been suggested
that inhaled beta2-agonists may not reach their site of action

through the airway owing to significant airflow obstruction, and
that systemic (subcutaneous or intravenous) administration of
bronchodilators may lead to a more rapid therapeutic response
(Travers 2012a).

Adrenaline (epinephrine) is a potent beta-agonist with
bronchodilating eIects similar to the more selective beta2-

agonists. Historically, parenteral adrenaline was a standard therapy
for acute asthma (Rees 1967; Shim 1984); however, similar clinical
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eIicacy and the less invasive nature of inhaled bronchodilators
as reported by Naspitz 1987 have led clinicians to reserve
this treatment as an option for severely ill patients who are
unresponsive to inhaled therapy (Hon 2017).

Methylxanthines, such as theophylline and aminophylline, are used
to treat patients with asthma. Bronchodilator eIects may be due
to inhibition of phosphodiesterase, leading to accumulation of
cyclic adenosine monophosphate (cAMP) in smooth muscle cells,
adenosine antagonism, and release of catecholamines (Neame
2015). Other actions are thought to include anti-inflammatory and
immunomodulatory eIects (Neame 2015).

Ketamine is commonly used in the emergency department
(ED) for procedural sedation, analgesia, and intubation, and it
has many eIects, including dissociative anaesthesia, analgesia,
amnesia, and anxiolysis. It can also induce bronchodilation,
possibly as a sympathomimetic eIect or as a direct eIect on
bronchial smooth muscle (Jat 2012). Other potential eIects include
immunomodulation and inhibition of vagal outflow (Goyal 2013).

Interventions to reduce the work of breathing

Room air comprises nitrogen (79%) and oxygen (21%). Heliox
(helium-oxygen mixture) is produced when helium replaces
nitrogen, leading to a less dense gas mixture. Theoretically, this
may reduce turbulent airflow and airflow obstruction in patients
with asthma. Heliox has also been used to deliver nebulised
therapy, as it has been suggested that it may lead to improved
transport of medication to the distal airways (Rehder 2017).

Non-invasive respiratory support can be delivered via high-
flow nasal cannulae (HFNC), continuous positive airway pressure
(CPAP), or bi-level positive airway pressure (BiPAP). Patients with
severe asthma oKen develop elevated intrinsic positive end-
expiratory pressure (PEEP). It is theorised that delivery of extrinsic
positive pressure via face mask or nasal cannulae may overcome
this intrinsic pressure, thereby reducing the work of breathing.

HFNC provide warmed, humidified gas delivered via nasal prongs
at a flow rate that exceeds the patient's peak inspiratory flow
rate. This results in washout of anatomic dead space and also
provides some PEEP, although the PEEP delivered is less consistent
than that provided by CPAP or BiPAP (Rehder 2017). High-flow
delivery is more comfortable and therefore is better tolerated with
less requirement for sedation than other methods of non-invasive
respiratory support (Baudin 2017).

CPAP provides constant pressure throughout the respiratory
cycle, and BiPAP provides variable pressure according to phases
of the respiratory cycle, with higher pressure delivered during
inspiration. Positive eIects of CPAP and BiPAP include a direct
bronchodilating eIect, improved alveolar recruitment, improved
airflow, re-expansion of areas of collapse, reduced hyperinflation,
and reduced work of breathing (Korang 2016).

Why it is important to do this overview

Clinical rationale

Asthma is a common reason for paediatric visits to the ED (Alpern
2006; Acworth 2009); it is one of the most common reasons for a
child to be admitted to hospital aKer an ED visit (Weiss 2011). In the
USA, the rate of paediatric ED visits for asthma increased by 13.3%
between 2001 and 2010 (Nath 2015), and in the UK, it is estimated

that a child is admitted to hospital every 20 minutes owing to an
asthma attack (Asthma UK).

The care of children with asthma is based upon escalation of
treatment in response to disease severity: mild disease receives
less intensive treatment than severe disease. Broadly speaking,
interventions take the form of inhaled bronchodilators, parenteral
(intravenous or subcutaneous) pharmacotherapy, and mechanical
eIorts to reduce the work of breathing. With increasing 'level
of treatment' come risks of increasing costs, patient discomfort,
potential for complications, and requirement for monitoring and/
or transfer to intensive care units. Some treatments - particularly
intravenous bronchodilators or assisted ventilation - are given in
higher-acuity settings such as intensive care, and other treatments
may be given in a standard ward environment.

Variation in the management of acute severe asthma in children
is considerable and may be due to considerations around
eIicacy, safety, cost, clinical experience, and individual practitioner
preference. A recent survey of emergency physicians in the
UK and Ireland found that over half preferred salbutamol
as first-line intravenous treatment, 28% preferred magnesium
sulfate, and 15% preferred aminophylline (Lyttle 2015). An earlier
survey of paediatric emergency specialists in Australia and New
Zealand found that aminophylline was used by 45%, intravenous
magnesium sulfate by 55%, and intravenous salbutamol by 87%
of respondents (Babl 2008). A recent prospective study of 24 EDs
in the UK and Ireland found wide variation in the prevalence of
intravenous treatment for acute paediatric asthma, ranging from
0% to 19.4% (Morris 2015).

With a large number of treatment options and wide variation in
self-reported and actual practice, it is important to have a single
comprehensive and user-friendly document that provides the best
available evidence upon which to base clinical decisions. There is
a need to present available evidence clearly to assist healthcare
providers, patients, and other knowledge users.

An overview of reviews of acute asthma treatment in children
attending EDs was published in 2015 (Castro-Rodriguez 2015). The
review authors excluded reviews of treatment on the ward or in
the intensive care unit. As treatment for a seriously ill child oKen
involves transfer to higher levels of care, restricting inclusion to
only reviews evaluating treatment within the ED may have led to
exclusion of potentially important studies.

The purpose of a Cochrane overview is to systematically summarise
evidence from a range of Cochrane intervention reviews for a single
health condition (Pollack 2018). This overview will document the
eIicacy of second-line interventions from systematic reviews and
will provide information about toxicity and adverse eIects.

Potential additional benefits of this overview will include a clear
foundation upon which further research can be based and an
understanding of reported outcome measures, which may be used
to assist in development of a set of core outcome measures for
future clinical trials.

Methodological rationale

Currently, the Cochrane Airways Group has prepared
approximately 50 published reviews on the eIectiveness of
various interventions for acute asthma. These include 43
reviews on pharmacotherapy and another seven reviews on
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non-pharmacotherapy interventions. Given the large number
of potentially relevant reviews and the likely heterogeneity in
eligibility criteria and study outcomes, we have chosen to utilise an
overview design rather than a network meta-analysis as the first
step in assessing the literature.

O B J E C T I V E S

Main objective

• To summarise Cochrane Reviews with or without meta-analyses
of randomised controlled trials on the eIicacy and safety of
second-line treatment for children with acute exacerbations of
asthma (i.e. aKer first-line treatments, titrated oxygen delivery,
and administration of intermittent inhaled short-acting beta2-

agonists and oral corticosteroids have been tried and have
failed)

Secondary objectives

• To identify gaps in the current evidence base that will inform
recommendations for future research and subsequent Cochrane
Reviews

• To categorise information on reported outcome measures used
in trials of escalation of treatment for acute exacerbations
of asthma in children, and to make recommendations for
development and reporting of standard outcomes in future trials
and reviews

• To identify relevant randomised controlled trials that have been
published since the date of publication of each included review

M E T H O D S

Criteria for considering reviews for inclusion

Types of reviews

We included Cochrane systematic reviews on second-line
treatment of patients with acute asthma published in the
Cochrane Database of Systematic Reviews (CDSR). We included
Cochrane Reviews of randomised controlled trials (RCTs) and non-
randomised controlled clinical trials (CCTs).

Types of participants

We included systematic reviews of children with a physician-
diagnosed acute exacerbation of asthma. We defined a child as any
person younger than 18 years of age. However, as the definition
of 'child' could vary between systematic reviews, we planned to
include any systematic review in which a population was described
as children, and we recorded the ages included within each review.
We also included systematic reviews of adults and children in
which the summary data for children could be separated from the
summary data for adults.

Types of interventions/comparisons

We included all treatments that may be considered second-line
therapy for acute exacerbations of asthma. We did not include
Cochrane systematic reviews examining interventions including
only corticosteroids or intermittent inhaled beta2-agonists.

We planned to divide treatments into the following categories,
consistent with steps in the escalation of therapy (inhaled

treatment, parenteral treatment, and other interventions to reduce
the work of breathing).

• Inhaled bronchodilators.
◦ Continuous nebulised inhaled beta2-agonists.

◦ Anticholinergic medications.

◦ Magnesium sulfate.

• Parenteral bronchodilators.
◦ beta2-agonists.

◦ Adrenaline/epinephrine.

◦ Magnesium sulfate.

◦ Methylxanthines.

◦ Ketamine.

• Interventions to reduce the work of breathing.
◦ Heliox.

◦ High-flow nasal cannulae.

◦ Non-invasive ventilation (CPAP or BiPAP).

Types of comparisons

We included systematic reviews with all possible comparisons,
that is, versus placebo and/or versus another active comparator
(ongoing first-line treatment or an alternative intervention).

Types of outcome measures

Primary outcomes

• Length of stay (duration of ED stay and duration of inpatient stay)

• ED disposition (hospital admission/intensive care unit (ICU)
admission/ED discharge)

• Number of adverse events in each treatment group

Secondary outcomes

• Symptom scores/clinical asthma scores (such as the Pulmonary
Index (Becker 1984), the Clinical Asthma Score (Parkin 1996), the
Pediatric Respiratory Assessment Measure (Ducharme 2008),
and any other scores identified in the included systematic
reviews)

• Lung function (peak expiratory flow rate (PEFR), forced
expiratory volume in one second (FEV1), and other measures
identified in included systematic reviews)

• Adverse events (vomiting, nausea, tremor, tachycardia,
convulsions, and any other adverse events identified in included
systematic reviews)

• Vital signs (pulse, blood pressure, respiratory rate, and pulse
oximetry)

• Requirement for additional bronchodilator treatment

• Requirement for respiratory support (intubation, non-invasive
ventilation)

• Economic outcomes such as healthcare costs

We planned to report on the primary and secondary outcomes
outlined above. However, we tabulated all outcomes identified in
the overview to present a taxonomy of outcomes for future reviews
on this topic.

Search methods for identification of reviews

We searched for systematic reviews in the Cochrane Library using
the filter for reviews. We also searched for but did not identify
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any Cochrane Review protocols or titles for future inclusion. We
used the search terms "asthma" and "respiratory sounds" (which
included the medical subject heading (MeSH) term for "wheeze").
Our search strategy is detailed in Appendix 1. The search is current
to 28 December 2019.

We included only the most recently published version of each
systematic review. We did not include protocols and earlier versions
of a review that have been superseded. We did not include
systematic reviews from outside the Cochrane Library. If multiple
reviews addressed the same question, we planned to examine
them for unique content, and if none was found, we planned to
include the most up-to-date review. If multiple systematic reviews
addressed the same question and unique content was found in
each, we planned to include them all and extract the unique data
for each one.

To identify possibly relevant research papers that have been
published since the date of publication for each included
systematic review, we utilised the search strategy of each included
systematic review. We supplemented this by cross-checking this
against current British Thoracic Society/Scottish Intercollegiate
Guidelines Network (BTS/SIGN) guidelines (BTS/SIGN 2019), as well
as the Global Initiative for Asthma (GINA) guidelines (GINA 2019),
but we identified no additional reviews.

Data collection and analysis

Selection of reviews

We assessed in two stages the eligibility of identified Cochrane
Reviews. Two independent overview authors (SC and AG) screened
each title and abstract. We planned to use a third overview author
to resolve discrepancies when the two first authors could not reach
consensus; however, no discrepancies occurred. Two independent
overview authors (SC and AG) assessed in full text all titles/abstracts
and then selected reviews by consensus. Again, no discrepancies
occurred between the two overview authors.

Data extraction and management

A pilot data extraction form was designed and piloted by several
authors (SC, CL, AG). Two overview authors (SC and one other of
SRD, CVP, or AG) independently extracted data using the finalised
data extraction form. We planned to involve an independent third
overview author to resolve disagreements; however, there were
none requiring their involvement.

Data extracted (see Appendix 2) include the following.

• Details of the included systematic reviews, including first author
name, year of publication, number of included primary studies,
eligibility criteria of included systematic reviews, numbers of
included participants, and sample size of included RCTs.

• Details of trial populations, including age and severity of asthma
(including inclusion criteria and definition of exacerbation of
asthma for each review, treatment before enrolment, and
severity of asthma at enrolment).

• Setting (ED, hospital ward, ICU).

• Types of interventions.

• Dose, duration, and frequency of intervention administration.

• Description of the comparison (placebo, regular doses of
bronchodilators).

• Description of outcome measures used, including our
predefined primary and secondary outcomes and all other
reported outcomes.

• Timing of determination of outcome measures and duration of
follow-up.

• Risk of bias assessments of RCTs included in the reviews.

• For each predetermined primary and secondary outcome
measure, and for all additional outcomes, numbers of
participants in intervention and control groups; control event
rate; eIect estimates for the pooled risk ratio; odds ratio, hazard
ratio, standardised mean diIerence, or absolute risk reduction
and corresponding 95% confidence intervals (if not provided,
we will calculate these, using the equations published in the
Cochrane Handbook for Systematic Reviews of Interventions
(Schüneman 2019)).

• Quality assessment tools used (e.g. GRADE), along with the
mean or median and the range of any reported quality scores.

If the included systematic reviews included all RCTs relevant
to a particular outcome, we extracted summary data alone.
We extracted only data from RCTs conducted exclusively among
children, or for which authors of the systematic review had been
able to retrieve data for children.

If we identified overlapping information across systematic reviews
at the data extraction stage, we planned to extract data only from
the most recently published review. We planned to acknowledge
overlap among diIerent reviews (overlapping trials), depict any
potential overlap in tables, and discuss this limitation in the results.
We identified no overlapping information.

If we identified discrepant data across systematic reviews,
we planned to extract data from all included reviews and
reconcile the discrepancies by contacting the authors of included
reviews, retrieving primary studies from the included reviews, and
searching relevant trial registries. We planned to discuss potential
discrepancies in data in the Results section. We identified no
discrepant data.

We planned to present the data in a series of summary tables.

Assessment of methodological quality of included reviews

Two overview authors independently assessed the risk of bias of
included systematic reviews using the Risk of Bias in Systematic
Reviews (ROBIS) tool (Whiting 2016). The ROBIS tool (see Appendix
3) consists of three phases: assessment of relevance of the
systematic review to the study question, identification of potential
concerns regarding the review process, and a judgement of risk
of bias. We planned to report in a table assessment for individual
ROBIS items or domains (along with the rationale for judgements
for each assessment).

We defined a high-quality systematic review with meta-analysis
as one that has low risk of bias judgements for the first three
domains of the ROBIS tool, namely, specification of study eligibility
(domain 1), methods used to identify and/or select studies (domain
2), and methods used to collect data and appraise studies (domain
3) (Whiting 2016). If more than one review on a specific topic was
included, we planned to choose the review judged as having low
risk of bias in all three ROBIS domains, as well as the review that
most closely matched our overview PICO criteria. However, we
found no overlapping reviews.
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We planned to use the risk of bias assessment to conduct sensitivity
analyses, but we did not exclude reviews on the basis of the risk of
bias assessment.

We planned to present a summary of this information according
to guidelines provided in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2019).

Quality of evidence in included reviews

Two overview authors independently evaluated the certainty of
evidence on the basis of judgements made by the authors of the
original Cochrane Reviews, if provided.

We assessed the certainty of evidence using the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) approach (Balshem 2011).

First, we extracted the GRADE assessments for each systematic
review for each independent outcome. We planned to first
assess whether the domain judgements were consistent; if they
were inconsistent, we planned to reconcile the inconsistency
by comparing extracted data between reviews for missing or
discrepant data, contacting the authors of the primary studies,
or searching trial registries, if two or more systematic reviews
reported GRADE assessments for the same outcome. We planned
to choose the highest-quality systematic review with meta-
analysis from which to extract eIect estimates for our GRADE
assessment of inconsistency and imprecision if we continued
to note inconsistency in the reported GRADE domains (or none
reported).

We planned to independently conduct this assessment by
constructing 'Summary of findings' tables using GRADEpro
soKware if the original review published no GRADE assessment
(GradePro 2015), or if outcome data in our overview had been re-
analysed from a subset of primary studies within a review.

We based our assessment of the certainty of evidence in included
reviews on data provided in the 'Characteristics of included studies',
'Risk of bias', and 'Summary of findings' tables provided in the
included reviews, and we planned to present a summary of this
information according to guidelines provided in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2019)

Dealing with missing data

We planned to address data missing from an included systematic
review or variation in information reported across reviews by
retrieving and examining the full reports of RCTs included in
the systematic reviews; contacting systematic review authors for
missing information or clarification; searching systematic review
protocols; and/or searching registries of systematic reviews or
clinical trials for further information. If this occurred, we planned
to include discussion on potential discrepancies with information
provided in the original reviews.

Data synthesis

We planned to tabulate PICO (population, intervention, control,
and outcome) elements at the review level. Results tables include
eIect estimates, 95% confidence intervals (CIs), and measures of
heterogeneity/risk of bias, as appropriate.

We aimed to group data into the three broad groups described
above: inhaled bronchodilators, parenteral bronchodilators, and
interventions to reduce the work of breathing. We intended
to compare all outcomes between inhaled bronchodilators (e.g.
standard therapy/placebo versus continuous nebulised SABA
versus inhaled magnesium), between parenteral bronchodilators
(e.g. standard therapy/placebo versus aminophylline versus
magnesium versus ketamine versus salbutamol versus
terbutaline), and between interventions to reduce the work of
breathing (standard therapy/placebo versus CPAP versus BiPAP
versus heliox vs HFNC). We planned to extract eIect estimates from
the included systematic reviews, categorised by intervention and
primary and secondary outcomes, and to present them in tables
and figures.

We planned to structure narrative descriptions of eIect estimates
of the included reviews according to risk of bias and GRADE
assessments.

We also planned to assess the impact of inclusion criteria (severity
of asthma), treatment before enrolment (including type of first-
line intervention applied), and control treatment on the eIects of
interventions.

The choice of eIect estimate for summary and tabulation
depended on the outcomes reported in various reviews. We
intended to standardise the outcomes reported if an outcome
was expressed diIerently between reviews. We standardised to
risk ratios (RRs) or odds ratios (ORs) for dichotomous outcomes.
We standardised to mean diIerences (MDs) or standardised mean
diIerences (SMDs) by using equations published in the Cochrane
Handbook for Systematic Reviews of Interventions for continuous
outcomes (Higgins 2019a).

We planned to discuss the limitations of currently available
evidence with regards to heterogeneity of inclusion criteria for
each review, consistency of eIect size for each intervention, and
consistent use of outcome measures. We planned to identify gaps in
the current evidence base and to make recommendations for future
research.

Assessment of non-statistical heterogeneity

We planned to determine whether there is clinical heterogeneity
between systematic reviews (i.e. diIerences in severity of asthma
or diIerences in treatment administered before enrolment) by
assessing the inclusion criteria of each systematic review. We also
planned to assess clinical heterogeneity within each systematic
review that will contribute to the certainty of evidence assessment
of each review.

We planned to identify commonly used outcomes and to
categorise them in a taxonomy by creating a list of all outcomes
and discussing their categorisation among the review author
group until consensus was reached. This taxonomy will inform
recommendations for a core set of outcome measures, which may
be applicable in future RCTs.

Subgroup analysis

Given the pathophysiological diIerences between preschoolers
and older children, we intended to subgroup studies of children
from birth to five years of age and children aged six to 18 years (or
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younger and older children as defined by review authors) and to
provide separate summary tables within the overview.

Finally, we planned to group studies occurring in the ED/outpatient
setting separately from those occurring in the inpatient setting
(ward or intensive care unit).

We planned to extract summary event data for each treatment/
placebo group from the included reviews for all subgroup analyses.

Sensitivity analysis

We planned to conduct sensitivity analysis based on the ROBIS
assessment of systematic reviews by comparing results of all
reviews against data derived only from reviews in which the ROBIS
tool identified domains with a "high" level of concern (i.e. by
excluding studies that have one or more domains in the ROBIS tool
rated as causing a "high" level of concern).

R E S U L T S

Results of the search

The search of the Cochrane Library (issue 3, 2018) identified 293
records for Cochrane reviews. AKer review of titles and abstracts,
276 records were excluded. We excluded four reviews for the
following reasons (Figure 1 and Table 1): one review because it
did not include any trials (Jones 2001); one review because it did
not have any trials where the results for children were able to be
separated from the results for adults (Manser 2001); one because
it had been updated and replaced by separate reviews on adults
and children (Rowe 2000), and one because it had been replaced by
two newer reviews, both of which were also included in this review
(Travers 2001).
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Figure 1.   Flow diagram.

 

Interventions for escalation of therapy for acute exacerbations of asthma in children: an overview of Cochrane Reviews (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

10



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

We included and extracted data from 13 reviews (Table 2). No
ongoing reviews were identified. An updated search of the library
on 28 December 2019 did not identify any new or updated reviews.

We utilised the search strategy (in August 2019) of each included
review to update the searches for new randomised controlled trials
(RCTs). We identified 1,885 records, and aKer screening of titles
and abstracts, we identified 31 new RCTs which may be eligible for
inclusion in updated reviews (Table 3).

Description of included reviews

A table of the main characteristics of the included reviews is
presented in Table 2.

Study design

All 13 reviews included RCTs, with 74 comparisons conducted
from 67 individual trials. A majority of trials were of parallel-group
design, and three were cross-over studies. Each review included
from 1 to 27 trials. Thirty-eight per cent (n = 28) of the comparisons
included 40 or fewer participants. The total number of participants
included in reviews ranged from 40 in Korang 2016 to 2630 in
GriIiths 2013; five reviews included more than 300 participants.

Included participants

Of the 67 RCTs included across the reviews, all included children.
Twenty-four per cent (n = 16) of the studies included children
younger than two years of age, and three studies (4%) included
children younger than one year of age.

Diagnosis of asthma in included reviews

Table 4 outlines details of asthma diagnosis and asthma severity
in the included reviews. Inclusion criteria were varied and
comprised acute asthma (six reviews), acute exacerbation of
asthma (three reviews), asthma exacerbation (two reviews), and
asthma attack (one review). One review did not provide a clear
statement on inclusion criteria with regards to how diagnosis
of asthma was defined (Camargo 2003). Three studies provided
information regarding exclusion of other respiratory illnesses such
as bronchiectasis and chronic obstructive pulmonary disease.

Severity of asthma in included reviews

Of the 13 reviews, three referred to "severe" asthma exacerbations,
but none provided information regarding how this was defined.
One review described treatment duration and medication use prior
to inclusion (Jat 2012). Another review excluded patients who
required mechanical ventilation at presentation (Rodrigo 2006).

Interventions in included reviews

We mapped the Cochrane Reviews onto the framework of
interventions specified in our protocol in Table 2, covering three
broad classes of therapy: inhaled treatment, parenteral treatment,
and other interventions to reduce the work of breathing (Craig
2018). Two reviews were not able to be classified within our
prespecified subgroups.

Inhaled treatment

We identified four reviews on inhaled treatment.

• One compared continuous nebulised versus intermittent
nebulised beta-agonists (Camargo 2003).

• Two compared inhaled beta2-agonists versus a combination of

inhaled beta2-agonists and inhaled anticholinergic agents. One

of these was restricted to children hospitalised with asthma
(Vezina 2014), and the other examined initial treatment in the ED
(GriIiths 2013).

• One assessed the use of inhaled magnesium sulfate (Knightly
2017).

Parenteral treatment

We identified five reviews on parenteral treatment, of which:

• one assessed the use of intravenous aminophylline for children
older than two years of age who were administered inhaled
bronchodilators (Mitra 2005);

• one assessed the addition of intravenous beta2-agonists to

inhaled beta2-agonists (Travers 2012a);

• one compared the use of intravenous beta2-agonists to

intravenous aminophylline (Travers 2012b);

• one assessed the use of intravenous magnesium (GriIiths 2016);
and

• one assessed the use of intramuscular or intravenous ketamine
(Jat 2012).

Interventions to reduce the work of breathing

We identified two reviews on interventions to reduce the work of
breathing, of which:

• one assessed the use of heliox for non-intubated asthma
patients (Rodrigo 2006); and

• one assessed the use of non-invasive positive-pressure
ventilation (Korang 2016).

Other interventions

We identified two additional reviews that did not fit into our
prespecified classifications.

• One compared the use of antibiotics (oral or parenteral) to no
antibiotics for asthma (Normansell 2018).

• One assessed the use of leukotriene receptor antagonists in
addition to usual care for acute asthma (Watts 2012).

Methodological quality of included reviews

Risk of bias assessment of systematic reviews

We assessed the risk of bias of included reviews by using the ROBIS
tool (Table 4; ROBIS assessment available in Appendix 1). All of
the included reviews were at low risk of bias with regard to study
eligibility criteria. Four reviews had high risk of bias with regard to
identification and selection of studies. In all cases, this was due to
a single author selecting studies (Mitra 2005; GriIiths 2013; Vezina
2014; Knightly 2017). One review had an unclear risk of bias for data
collection and study appraisal, as no information was provided
regarding who extracted the data or whether a data collection form
was used (Mitra 2005). All reviews were rated as having low risk of
bias regarding synthesis and findings.

Overall, we considered four of the thirteen included reviews (31%)
to be at high risk of bias. In all cases, this was due to concerns
regarding identification and selection of studies.
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Only five of the thirteen reviews (38%) had conducted a literature
search later than 1 January 2016.

Risk of bias assessment in included RCTs

The reviews used various tools to assess risk of bias of included
RCTs (Table 5). Three reviews assessed the quality of trials using
the Jadad Scale (an old quality scale with a maximum score of 5
points, in which a higher score suggests lower risk of bias) (Jadad
1996). Of these, one review included a single study with a score
of 2/5 (Camargo 2003); another review included three RCTs, with
two trials scored 3/5 and one 4/5 (Rodrigo 2006); and one review
included seven RCTs, with three scored as 4/5 and four as 5/5 (Mitra
2005).

The other ten reviews used the Cochrane risk of bias tool for
methodological quality assessments. Most assessments included
a combination of low and unclear risk of bias. The review on
antibiotics included three RCTs; each of these studies was rated as
having high risk for two of the seven risk of bias domains: one RCT
for performance bias and detection bias, and two RCTs for attrition
bias and reporting bias (Normansell 2018). Four other reviews
included at least one RCT with high risk of bias on at least one item,
including selective reporting (2/8 RCTs in Knightly 2017), allocation
concealment (2/7 RCTs in Mitra 2005), incomplete outcome data
(1/2 RCTs in Korang 2016), and other bias (1/5 RCTs in GriIiths 2016).

Certainty of evidence assessments in included reviews

Eight reviews contained a Grading of Recommendations,
Assessment, Development and Evaluation (GRADE) 'Summary of
findings' table, which we have summarised in Table 6. One review
judged the outcomes reported in the 'Summary of findings' table
to be high certainty (GriIiths 2013), another moderate certainty
(Vezina 2014), one low certainty (GriIiths 2016), and one very low
certainty (Korang 2016). The other four reviews contained a mixture
of ratings of certainty, including two reviews with a combination
of moderate and low certainty (Travers 2012a; Travers 2012b); one
review ranging from very low to moderate certainty (Normansell
2018); and one review ranging from very low to high certainty
(Knightly 2017).

We rated the certainty of evidence from the included systematic
reviews with meta-analysis using GRADE methods. The certainty of
evidence varied widely (by review and also by outcome) and ranged
from very low to high (Table 7; Table 8; Table 9; Table 10; Table 11;
Table 12; Table 13; Table 14; Table 15; Table 16; Table 17; Table 18;
Table 19; Table 20).

EEect of interventions

Outcomes varied considerably between systematic reviews, and
similar outcomes were measured via diIerent methods at diIerent
points in time. A categorised list of all outcomes is presented in
Appendix 4. A series of tables is presented, including data for
each outcome from the included systematic reviews (Table 7;
Table 8; Table 9; Table 10; Table 11; Table 12; Table 13; Table 14;
Table 15; Table 16; Table 17; Table 18; Table 19; Table 20). These
tables present odds or risk ratios and also absolute event rates
per thousand in each group. We summarise below information
from reviews that contribute data to each outcome, including the
certainty of evidence assessment we performed on each included
systematic review with meta-analysis. Comparisons are between
treatment and placebo unless otherwise stated.

Common themes in recommendations for future research
(Appendix 5) from the included reviews were the need for
adequately powered and methodologically sound RCTs, an agreed
core outcome set for acute asthma in children, reliable assessment
of baseline severity and response to treatment, and the need to
perform subgroup analyses in preschool and school-aged children,
and for varying degrees of asthma severity.

There was no overlap between reviews. We contacted no review
authors for further information. We obtained data only from the
included Cochrane Reviews; we did not obtain data from individual
trial reports.

Primary outcome: length of stay

Two reviews included ED treatment time as an outcome measure,
and six reviews included hospital length of stay (Table 7).
Comparisons ranged from single RCTs with as few as 29 participants
to three RCTs with a total of 327 participants.

Inhaled treatment

Two reviews reported low-certainty evidence for the eIects of
inhaled treatment on length of stay. The review comparing
continuous versus intermittent nebulisation showed an unclear
diIerence in ED treatment time between the two groups (mean
diIerence (MD) -1.00 hours; 95% confidence interval (CI) -13.50 to
11.50 hours; 70 participants; 1 trial) (Camargo 2003).

A review examining the eIects of adding inhaled anticholinergics to
short acting beta2-agonists (SABAs) found an unclear diIerence in

hospital length of stay (MD -0.28 hours; 95% CI -5.07 to 4.52 hours;
327 participants; 3 trials) (Vezina 2014).

Parenteral treatment

Four reviews examined the eIects of intravenous medications on
hospital length of stay. No clear diIerence was demonstrated when
intravenous beta2-agonists were added to inhaled beta2-agonists

(moderate-certainty evidence; MD -12.95 hours; 95% CI -38.74 to
12.84; 46 participants; 1 trial) (Travers 2012a); when intravenous
aminophylline was used (low-certainty evidence; MD -2.1 hours,
95% CI -9.45 to 5.25; 231 participants; 3 trials) (Mitra 2005); or
when intravenous beta2-agonists were compared to intravenous

aminophylline (low-certainty evidence; MD 23.19 hours; 95% CI
-2.40 to 48.77; 44 participants; 1 trial) (Travers 2012b).

The review on intravenous magnesium sulfate showed high-
certainty evidence of a reduction in hospital length of stay (MD
-5.3 hours, 95% CI -9.46 to -1.14 hours; 47 participants; 1 trial) and
moderate-certainty evidence of an unclear eIect on ED treatment
time compared to placebo (MD 5.00 minutes, 95% CI -24.40 to 34.40;
27 participants; 1 trial) (GriIiths 2016).

Interventions to reduce the work of breathing

Neither review on interventions to reduce the work of breathing
included length of stay as an outcome measure.

Other interventions

One review reported very low-certainty evidence for the eIects of
antibiotics versus placebo on hospital length of stay and found an
unclear diIerence (MD -0.10, 95% CI -0.53 to 0.33; 43 participants;
1 trial) (Normansell 2018).
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Primary outcome: hospital admission

Seven reviews included hospital admission as an outcome measure
(Table 8). Comparisons ranged from planned subgroup analyses of
a single RCT with 22 participants to a review including 19 RCTs and
2497 participants.

Inhaled treatment

Very low-certainty evidence suggested an unclear diIerence in
the rate of hospital admissions for continuous nebulised versus
intermittent nebulised beta2-agonists for both moderate to severe

asthma (RR 0.69, 95% CI 0.33 to 1.46; 22 participants; 1 trial) and
less severe asthma (RR 0.67, 95% CI 0.12 to 3.75; 70 participants; 1
trial) (Camargo 2003).

This review conducted a number of subgroup analyses for this
outcome and identified a reduction in the risk of hospital admission
for those with more severe asthma, along with an unclear eIect
in children with milder asthma (Table 8). A multiple fixed-dose
protocol of inhaled anticholinergic agents resulted in reduced risk
of hospital admission compared with SABA alone (RR 0.72, 95% CI
0.61 to 0.84; 1998 participants; 15 trials), but a single-dose regimen
did not have a clear eIect on the risk of hospital admission (RR 0.84,
95% CI 0.56 to 1.26; 419 participants; 3 trials).

When RCTs were grouped by co-intervention with corticosteroids,
a reduction in risk was noted when corticosteroids were given
(RR 0.71, 95% CI 0.59 to 0.86; 1043 participants; 8 trials), and in
RCTs in which corticosteroids were not administered (RR 0.67, 95%
CI 0.47 to 0.94; 353 participants; 6 trials). However, in RCTs in
which corticosteroids were administered at physician discretion,
the reduction in risk was non-significant (RR 0.77, 95% CI 0.54 to
1.10; 511 participants; 3 trials).

Inhaled magnesium sulfate had an unclear eIect on hospital
admission when administered with SABAs (very low-certainty
evidence; RR 1.14, 95% CI 0.44 to 2.98; 162 participants; 2 trials)
or with a combination of inhaled anticholinergics and SABAs
(moderate-certainty evidence; RR 0.96, 95% CI 0.92 to 1.01; 508
participants; 1 trial) (Knightly 2017).

Parenteral treatment

The review on intravenous magnesium sulfate yielded high-
certainty evidence of a reduction in the risk of hospital admission
compared to placebo (RR 0.70, 95% CI 0.54 to 0.91; 115 participants;
3 trials) (GriIiths 2016).

The review on intravenous ketamine showed moderate-certainty
evidence of an unclear eIect (RR 0.95, 95% CI 0.75 to 1.20; 68
participants; 1 trial) (Jat 2012).

Interventions to reduce the work of breathing

Low-certainty evidence suggests that the use of heliox led to a small
reduction in hospital admission compared to placebo (RR 0.69, 95%
CI 0.48 to 0.99; 71 participants; 2 trials) (Rodrigo 2006).

Other interventions

The use of leukotriene receptor antagonists (LTRA) in addition to
usual care had an unclear eIect on hospital admission for either
oral LTRA (RR 0.86, 95% CI 0.12 to 3.52; 194 participants; 3 trials) or
intravenous LTRA (RR 0.79, 95% CI 0.51 to 1.23; 276 participants; 1
trial) (Watts 2012).

Primary outcome: intensive care unit admission

Three reviews included intensive care admission as an outcome
measure (Table 9). Each review included a single trial. Comparisons
ranged from a trial with 163 participants to a trial with 508
participants.

Inhaled treatment

Results show no intensive care unit admissions for treatment
or control participants in the review on inhaled anticholinergics
added to SABA versus SABA alone (Vezina 2014).

Very low-certainty evidence suggests that the addition of inhaled
magnesium sulfate to a combination of ipratropium and a SABA had
an unclear eIect on the rate of high dependency/intensive care unit
admission (RR 1.48, 95% CI 0.79 to 2.79; 505 participants; 1 trial)
(Knightly 2017).

Parenteral treatment

The addition of intravenous aminophylline to inhaled SABA and
systemic corticosteroids had an unclear eIect on intensive care unit
admission (RR 0.74, 95% CI 0.52 to 1.06; 163 participants; 1 trial)
(Mitra 2005).

Interventions to reduce the work of breathing

No reviews reported intensive care unit admission as an outcome.

Other intervention

No reviews reported intensive care unit admission as an outcome.

Primary outcome: adverse events

Table 10 presents our findings related to adverse events (a primary
outcome for this overview) and secondary outcomes related to
specific adverse events (tremor, nausea and vomiting, and other
adverse events).

Four reviews presented a total of eight comparisons related to
adverse events. Of these comparisons, half were related to any
adverse event, and the other half examined serious adverse events.
Comparisons ranged from a review including 35 participants within
two RCTs to a single RCT of 507 participants.

Inhaled treatment

Risk for adverse events was not estimable, as none occurred in
the review on inhaled anticholinergics combined with SABA versus
SABA alone (290 participants; 2 trials) (Vezina 2014).

Very low-certainty evidence suggests an unclear diIerence in the
risk for either any adverse events or serious adverse events when
inhaled magnesium sulfate and SABA were compared to inhaled
SABA alone (Knightly 2017). When inhaled magnesium sulfate was
added to a combination of SABA and inhaled anticholinergic, a
single trial of 507 participants provided low-certainty evidence for
an unclear eIect on the risk of any adverse event (RR 0.91, 95% CI
0.64 to 1.30), and moderate-certainty evidence for reduced risk of
serious adverse events (RR 0.25, 95% CI 0.07 to 0.89).

Parenteral treatment

No reviews of parenteral treatment provided overall estimates of
adverse events or serious adverse events. Information related to
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specific adverse events is provided under secondary outcomes
(below).

Interventions to reduce the work of breathing

Risk for adverse events was not estimable, as none occurred
in the review on non-invasive positive-pressure ventilation (35
participants; 2 trials) (Korang 2016).

Other intervention

Very low-certainty evidence from the review on antibiotics versus
placebo suggests an unclear diIerence in the risk for all adverse
events (RR 0.80, 95% CI 0.15 to 4.33; 44 participants; 1 trial)
(Normansell 2018). Review authors were unable to estimate a risk
for serious adverse events, as no such events occurred in the 40
included participants.

Secondary outcome: death/mortality

Two reviews, one on intravenous aminophylline - Mitra 2005 -
and another on non-invasive positive-pressure ventilation - Korang
2016, presented comparisons related to death or mortality (Table
10). No events were reported in either review, both of which were
rated as providing very low-certainty evidence, and we were unable
to estimate a relative risk for death/mortality.

Secondary outcome: adverse events (tremor)

Four reviews presented a total of six comparisons related to tremor
(Table 10). Comparisons ranged from 29 participants in a single RCT
to a total of 524 participants in nine RCTs.

Inhaled treatment

The review on continuous nebulised versus intermittent nebulised
beta2-agonists identified a single RCT showing low-certainty

evidence suggesting an unclear eIect on tremor (RR 0.56, 95% CI
0.21 to 1.49; 70 participants) (Camargo 2003).

The review on anticholinergic agents added to SABAs for initial
treatment of asthma showed moderate-certainty evidence for
a reduction in the risk of tremor when use of anticholinergic
medication was compared to use of SABAs alone (RR 0.69, 95% CI
0.51 to 0.93; 524 participants; 9 trials).

Parenteral treatment

A review assessing the eIectiveness of intravenous aminophylline
presented very low-certainty evidence of an unclear eIect on
tremor between treatment groups (RR 1.35, RR 0.88 to 2.07; 192
participants; 2 trials) (Mitra 2005). Subgroup analysis by mean
theophylline levels demonstrated similar results.

The review comparing intravenous aminophylline to intravenous
beta2-agonists presented low-certainty evidence suggesting an

unclear diIerence between treatment groups (RR 1.85, 95% CI 0.89
to 3.83; 29 participants; 1 trial) (Travers 2012b).

Interventions to reduce the work of breathing

No reviews reported tremor as an outcome.

Other intervention

No reviews reported tremor as an outcome.

Secondary outcome: adverse events (nausea and/or vomiting)

Four reviews presented a total of nine comparisons related to
nausea and/or vomiting (Table 10). Comparisons ranged from 29
participants within a single RCT to a total of 1330 participants in
eight RCTs.

Inhaled treatment

The review on continuous nebulised versus intermittent nebulised
beta2-agonists identified a single RCT showing very low-certainty

evidence for an unclear eIect on nausea/vomiting (RR 0.20, 95% CI
0.01 to 4.02; 70 participants) (Camargo 2003).

The review on anticholinergic agents added to SABAs for initial
treatment of asthma presented separate results for nausea and
vomiting (GriIiths 2013). The addition of anticholinergic treatment
did not aIect the incidence of vomiting (RR 0.88, 95% CI 0.49 to
1.56; 1230 participants; 8 trials; low-certainty evidence), although
the risk of nausea was reduced (RR 0.60, 95% CI 0.38 to 0.95; 757
participants; 7 trials; high-certainty evidence).

Parenteral treatment

The review assessing eIectiveness of intravenous aminophylline
presented data on vomiting for all patients, as well as subgroup
analysis according to mean theophylline levels (Mitra 2005). All
comparisons yielded moderate-certainty evidence of increased risk
of vomiting for participants randomised to theophylline (RR 3.69,
95% CI 2.15 to 6.33; 305 participants; 5 trials), regardless of whether
the mean theophylline level was < 15 mg/L (RR 2.73, 95% CI 1.17 to
6.39) or ≥ 15 mg/L (RR 4.43, 95% CI 2.19 to 8.95; 163 participants; 1
trial).

The review comparing intravenous aminophylline to intravenous
beta2-agonists presented low-certainty evidence suggesting that

aminophylline administration led to increased risk for nausea (RR
2.22, 95% CI 0.98 to 4.99; 29 participants; 1 trial) and nausea/
vomiting (RR 19.00, 95% CI 1.15 to 313.64; 66 participants; 1 trial)
(Travers 2012b). The risk for vomiting alone was not significantly
diIerent (RR 1.58, 95% CI 0.82 to 3.07; 29 participants; 1 trial).

Interventions to reduce the work of breathing

No reviews reported nausea/vomiting as an outcome.

Other intervention

No reviews reported nausea/vomiting as an outcome.

Secondary outcome: cardiovascular adverse events
(hypotension, flushing, palpitations, arrhythmia)

Three reviews presented a total of five comparisons related to
cardiovascular adverse events, including hypotension, flushing,
palpitations, dysrhythmia, and arrhythmia (Table 10). Comparisons
ranged from 29 participants from a single RCT to 507 participants
from a single RCT.

Inhaled treatment

The review comparing inhaled magnesium sulfate and SABA
to inhaled SABA alone (507 participants; 1 trial) provided low-
certainty evidence suggesting an unclear eIect on hypotension (RR
0.51, 95% CI 0.05 to 5.54; 507 participants; 1 trial) or flushing (RR
0.67, 95% CI 0.11 to 4.00) (Knightly 2017).
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Parenteral treatment

The review assessing the eIectiveness of aminophylline in addition
to SABA and systemic steroids presented very low-certainty
evidence suggesting an unclear eIect on arrhythmia compared to
SABA and systemic steroids alone (RR 0.40, 95% CI 0.02 to 9.12; 75
participants; 2 trials) (Mitra 2005).

The review comparing intravenous beta2-agonists to intravenous

aminophylline presented low-certainty evidence suggesting an
unclear eIect on dysrhythmia (RR 0.17, 95% CI 0.01 to 3.08;
29 participants; 1 trial) (Travers 2012b). This review was unable
to provide an estimate for the risk of palpitations, as none
were identified in either treatment group in the single trial (29
participants) included.

Interventions to reduce the work of breathing

No reviews reported cardiovascular adverse events as an outcome.

Other intervention

No reviews reported cardiovascular adverse events as an outcome.

Secondary outcome: neurological adverse events (headache
and seizures)

Two reviews presented data on seizures and/or headaches (Table
10). Comparisons ranged from 29 participants from a single RCT to
274 participants from four RCTs.

Inhaled treatment

No reviews reported neurological adverse events as an outcome.

Parenteral treatment: headache

The review assessing the eIectiveness of aminophylline in addition
to SABA and systemic steroids presented very low-certainty
evidence suggesting an unclear eIect on headache compared to
SABA and systemic steroids alone (RR 1.28, 95% CI 0.70 to 2.33; 238
participants; 3 trials) (Mitra 2005). Subgroup analysis according to
mean theophylline levels provided similar results.

The review comparing intravenous beta2-agonists to intravenous

aminophylline presented low-certainty evidence suggesting an
unclear eIect on headache (RR 1.23, 95% CI 0.30 to 5.11; 29
participants; 1 trial) (Travers 2012b).

Parenteral treatment: seizures

The review assessing the eIectiveness of aminophylline in addition
to SABA and systemic steroids presented very low-certainty
evidence suggesting an unclear eIect on seizures compared to
SABA and systemic steroids alone (RR 1.01, 95% CI 0.06 to 15.91; 274
participants; 4 trials) (Mitra 2005). Subgroup analysis according to
mean theophylline levels was not estimable in those with a mean
theophylline level < 15 mg/L due to no events in either treatment
group, and the analysis of those with mean theophylline levels ≥ 15
mg/L provided similar results to the overall comparison.

Interventions to reduce the work of breathing

No reviews reported neurological adverse events as an outcome.

Other intervention

No reviews reported neurological adverse events as an outcome.

Secondary outcome: adverse events (pneumonia)

A single review on the use of non-invasive positive-pressure
ventilation presented information on the risk for pneumonia (Table
10).

Inhaled treatment

No reviews reported pneumonia as an outcome.

Parenteral treatment

No reviews reported pneumonia as an outcome.

Interventions to reduce the work of breathing

A review on the addition of non-invasive positive-pressure
ventilation was unable to estimate the risk of pneumonia because
no events occurred in either treatment group (19 participants; 1
trial) (Korang 2016).

Other intervention

No reviews reported pneumonia as an outcome.

Secondary outcome: changes in laboratory results

One review comparing intravenous beta2-agonists versus

intravenous aminophylline presented four comparisons related to
laboratory results (Table 10) (Travers 2012b). Three comparisons
were from a single RCT involving 29 participants, and the other
comparison involved 95 participants from two RCTs.

Inhaled treatment

No reviews reported changes in laboratory results as an outcome.

Parenteral treatment

The review comparing intravenous beta2-agonists to intravenous

aminophylline presented low-certainty evidence suggesting an
unclear eIect on creatine phosphokinase (CPK) elevation (RR
1.54, 95% CI 0.52 to 4.59; 29 participants; 1 trial), CPK-myocardial
band (CPK-MB) elevation (RR 2.46, 95% CI 0.25 to 24.21; 29
participants; 1 trial), and hypokalaemia (RR 1.04, 95% CI 0.48
to 2.25; 95 participants; 2 trials) (Travers 2012b). This review
presented high-certainty evidence showing an unclear diIerence
in hyperglycaemia (RR 0.92, 95% CI 0.75 to 1.12; 29 participants; 1
trial).

Interventions to reduce the work of breathing

No reviews reported changes in laboratory results as an outcome.

Other intervention

No reviews reported changes in laboratory results as an outcome.

Secondary outcome: symptom scores/clinical asthma scores

Nine reviews presented a total of 17 comparisons related to
symptom scores/clinical asthma scores (Table 11). Comparisons
ranged from 19 participants within a single RCT to 934 participants
in three RCTs.

Inhaled treatment

The review on continuous nebulised versus intermittent
nebulised beta2-agonists identified a single RCT showing low-
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certainty evidence suggesting the benefit of continuous therapy
(standardised mean diIerence (SMD) 0.66, 95% CI 0.18 to 1.14; 70
participants; 1 trial) (Camargo 2003).

The review on anticholinergic agents added to SABAs for initial
treatment of asthma identified three RCTs showing moderate-
certainty evidence for a small benefit when anticholinergic agents
were added compared to SABAs alone (SMD -0.23, 95% CI -0.42
to -0.04; 934 participants; 3 trials) (GriIiths 2013). However
anticholinergic agents added to SABAs in children admitted to
hospital with asthma showed low-certainty evidence of no change
in asthma scores compared to SABA treatment alone (SMD 0.02,
95% CI -0.34 to 0.38; 117 participants; 2 trials) (Vezina 2014).

The addition of inhaled magnesium to SABA and ipratropium
yielded moderate-certainty evidence of an unclear eIect on the
Yung asthma severity score at 60 minutes compared to SABA and
ipratropium alone (MD -0.23, 95% CI -0.48 to 0.02; 472 participants;
1 trial) (Knightly 2017).

Parenteral treatment

The review assessing the eIectiveness of intravenous
aminophylline presented data on asthma scores at 6 to 8 hours,
at 12 to 18 hours, and at 24 hours aKer study enrolment (very
low- to low-certainty evidence) (Mitra 2005). Subgroup analysis
was also performed according to the dosing of inhaled beta2-

agonists (submaximal and maximal doses), and whether or not
anticholinergic medications were also administered. Addition of
aminophylline reduced symptom scores overall at 6 to 8 hours
aKer enrolment (SMD -0.42, 95% CI -0.70 to -0.13; 215 participants;
3 trials); all subgroups suggested a similar direction of eIect,
although this was statistically significant only in the subgroup
that included combined maximised inhaled beta2-agonist and

anticholinergic treatment (SMD -0.45, 95% CI -0.77 to -0.13; 155
participants; 1 trial). Very low- and low-certainty evidence suggests
no eIect of aminophylline at 12 to 18 hours aKer enrolment (SMD
-0.45, 95% CI -1.09 to 0.19; 39 participants; 1 trial) nor at 24 hours
aKer enrolment (SMD -0.13, 95% CI -0.52 to 0.25; 127 participants;
1 trial).

The review assessing use of intravenous ketamine provided
moderate-certainty evidence that ketamine had an unclear eIect
on the Pulmonary Index score (MD 0.40, 95% CI -1.21 to 0.41; 68
participants; 1 trial) (Jat 2012).

Interventions to reduce the work of breathing

Low-certainty evidence suggests that the use of heliox had no clear
eIect on asthma symptom scores (MD -0.51, 95% CI -1.14 to 0.11; 93
participants; 3 trials) (Rodrigo 2006).

The use of non-invasive positive-pressure ventilation resulted in
moderate-certainty evidence of a reduction in asthma symptom
score in the acute phase (MD -2.50, 95% CI -4.70 to -0.30; 19
participants; 1 trial) (Korang 2016).

Other interventions

The review on the use of leukotriene receptor antagonists (LTRAs)
provided high-certainty evidence of a change in the Pulmonary
Index score at final assessment (MD -1.20, 95% CI -1.37 to -1.03;
50 participants; 1 trial) for those administered an oral LTRA (Watts
2012).

Secondary outcome: lung function

Eight reviews presented a total of 41 comparisons related to a
variety of lung function tests including peak expiratory flow rate
(PEFR), change from baseline in forced expiratory volume in 1
second (FEV1), change in respiratory resistance, and pulmonary
function at various time points aKer enrolment (Table 12).
Comparisons ranged from two participants within a single RCT to
402 participants in five RCTs.

Inhaled treatment

The review on continuous nebulised versus intermittent nebulised
beta2-agonists identified a single RCT showing low-certainty

evidence of an unclear eIect on PEFR values at the end of the RCT
(SMD 0.25, 95% CI -0.22 to 0.72; 70 participants; 1 trial) (Camargo
2003).

The review on anticholinergic agents added to SABAs for initial
treatment of asthma presented a number of subgroup comparisons
(GriIiths 2013). Moderate-certainty evidence showed a change
from baseline in percentage of predicted FEV1 at 60 minutes (MD
10.08, 95% CI 6.24 to 13.92; 402 participants; 5 trials) and at
120 minutes (MD 6.87, 95% CI 1.17 to 12.56; 117 participants; 2
trials) aKer the last dose of inhaled bronchodilator. The review
also presented low-certainty evidence suggesting a diIerence in
percentage change in FEV1 or PEFR at 60 minutes aKer the last
dose of inhaled bronchodilator (SMD 0.57, 95% CI 0.25 to 0.88; 166
participants; 4 trials). An unclear eIect on the percentage change in
respiratory resistance from baseline measured at 60 minutes or 120
minutes aKer the last inhaled bronchodilator was noted, regardless
of the relative timing of corticosteroids.

When anticholinergic agents were tested in children admitted
to hospital with asthma (Vezina 2014), low-certainty evidence
suggested an unclear eIect on percentages of predicted PEFR at 8
to 36 hours aKer identification of initial treatment (MD -1.60, 95% CI
-17.20 to 14.00; 20 participants; 1 trial).

Inhaled magnesium did not appear to significantly alter the
percentage of predicted FEV1 (MD 8.10, 95% CI -3.03 to 19.23; 62
participants; 1 trial; low-certainty evidence) or peak expiratory flow
rates (MD 11.90, 95% CI -6.86 to 30.66; 80 participants; 1 trial; low-
certainty evidence) (Knightly 2017).

Parenteral treatment

The review assessing the eIectiveness of intravenous
aminophylline presented 23 comparisons relating to lung function
tests: 14 relating to FEV1 and 9 to PEFR (Mitra 2005).

At 6 to 8 hours aKer enrolment, moderate-certainty evidence
showed improvement in the percentage of predicted FEV1 for all
patients (MD 8.37, 95% CI 0.82 to 15.92; 65 participants; 3 trials).
Similar findings were seen at 12 to 18 hours and at 24 hours aKer
enrolment.

Changes in PEF were also assessed at 6 to 8 hours aKer enrolment,
at 12 to 18 hours aKer enrolment, and at 24 hours aKer enrolment.
At 6 to 8 hours aKer enrolment, low-certainty evidence suggested
a change in PEFR for all patients (SMD 0.92, 95% CI 0.32 to 1.52; 50
participants; 2 trials). Similar findings were seen at 12 to 18 hours. At
24 hours, low-certainty evidence suggested a change when SABAs
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were combined with inhaled anticholinergic medication (SMD 0.66,
95% CI 0.01 to 1.31; 39 participants; 1 trial).

Interventions to reduce the work of breathing

Low-certainty evidence suggests that use of heliox had an unclear
eIect on pulmonary function (SMD 0.32, 95% CI -0.52 to 1.16; 22
patients; 1 trial) (Rodrigo 2006).

Other intervention

A review on the use of LTRAs resulted in high-certainty evidence
of no significant change in FEV1 for intravenous LTRA therapy (MD
0.01, 95% CI -0.06 to 0.08; 276 participants; 1 trial) and moderate-
certainty evidence showing an unclear eIect on FEV1 for oral LTRA
therapy (MD -3.10, 95% CI -12.70 to 6.50; 26 participants; 1 trial)
(Watts 2012).

Low-certainty evidence from the review on antibiotics versus
placebo suggested an unclear eIect on PEFR (MD 38.80, 95% CI
-11.19 to 88.79; 40 participants; 1 trial) (Normansell 2018).

Secondary outcome: vital signs

Five reviews presented seven comparisons related to vital signs
(Table 13; Table 14). Comparisons ranged from two participants in
a single RCT to 416 participants in two RCTs.

Inhaled treatment

The review on anticholinergic agents added to SABAs for initial
treatment of asthma presented moderate-certainty evidence
showing lower risk of oxygen saturation < 95% at 60 minutes (±
15 minutes) aKer study commencement (RR 0.73, 95% CI 0.55 to
0.97; 416 participants; 2 trials) and very low-certainty evidence
suggesting an unclear eIect on the proportion of participants with
oxygen saturation < 95% at 120 minutes (± 15 minutes) aKer study
commencement (RR 1.10, 95% CI 0.76 to 1.59; 185 participants; 2
trials) (GriIiths 2013).

Parenteral treatment

The review comparing the addition of intravenous beta2-agonists

to inhaled beta2-agonists presented moderate-certainty evidence

showing an unclear eIect on pulse rate at two hours (MD 10.00, 95%
CI -1.07 to 21.07; 29 participants; 1 trial) (Travers 2012a).

Interventions to reduce the work of breathing

Low-certainty evidence suggests that the use of heliox had no
eIect on heart rate (MD 0.0, 95% CI -13.80 to 13.80) nor on oxygen
saturation (MD 0.0, 95% CI -2.51 to 2.51) compared to placebo (22
participants; 1 trial) (Rodrigo 2006).

Other intervention

The review on the use of LTRAs yielded high-certainty evidence
showing a reduction in the respiratory rate at final assessment
(MD -4.60, 95% CI -6.84 to -2.36; 50 participants; 1 trial) for those
administered an oral LTRA (Watts 2012).

Secondary outcome: mechanical ventilation in the intensive
care unit

A single review assessed the rates of patients receiving mechanical
ventilation in the intensive care unit (Table 15).

Inhaled treatment

No reviews reported mechanical ventilation in the intensive care
unit as an outcome.

Parenteral treatment

The review assessing the eIectiveness of aminophylline presented
very low-certainty evidence suggesting an unclear eIect on rates of
patients mechanically ventilated in the intensive care unit (RR 0.09,
95% CI 0.01 to 1.64; 163 participants; 1 trial) (Mitra 2005).

Interventions to reduce the work of breathing

No reviews reported mechanical ventilation in the intensive care
unit as an outcome.

Other intervention

No reviews reported mechanical ventilation in the intensive care
unit as an outcome.

Secondary outcome: clinical failure

Clinical failure was presented for two reviews, both for parenteral
treatment (Table 16). There were no comparisons for inhaled
treatment, interventions to reduce the work of breathing, or other
interventions.

Inhaled treatment

No reviews reported clinical failure as an outcome.

Parenteral treatment

The review comparing intravenous beta2-agonists to intravenous

aminophylline presented low-certainty evidence suggesting an
unclear eIect on clinical failure (RR 1.00, 95% CI 0.48 to 2.08; 66
participants; 1 trial) (Travers 2012b).

The review comparing the addition of intravenous beta2-agonists

to inhaled beta2-agonists presented moderate-certainty evidence

of a reduction in clinical failure with the addition of intravenous
beta2-agonists (RR 0.38, 95% CI 0.19 to 0.78; 29 participants; 1 trial)

(Travers 2012a).

Interventions to reduce the work of breathing

No reviews reported clinical failure as an outcome.

Other intervention

No reviews reported clinical failure as an outcome.

Secondary outcome: relapse/return to ED

Four reviews each presented a single comparison related to
relapse/return to the ED, although this was defined diIerently for
each review (Table 17). Comparisons ranged from 22 participants in
a single RCT to 1389 participants in ten RCTs.

Inhaled treatment

The addition of anticholinergic agents to inhaled beta2-agonists

yielded low-certainty evidence suggesting an unclear eIect on the
risk of relapse (RR 1.07, 95% CI 0.68 to 1.68; 1389 participants; 10
trials) (GriIiths 2013).
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The review on anticholinergic agents for children admitted to
hospital was unable to estimate the risk of relapse within 72 hours
of discharge from hospital because no events occurred in either
treatment group (80 participants; 1 trial) (Vezina 2014).

Parenteral treatment

The review on intravenous magnesium sulfate demonstrated low-
certainty evidence suggesting an unclear eIect on risk of return to
the ED within 48 hours (RR 0.41, 95% CI 0.02 to 9.71; 85 participants;
2 trials) (GriIiths 2016) .

Interventions to reduce the work of breathing

No reviews reported relapse/return to ED as an outcome.

Other intervention

A review on the use of LTRAs presented low-certainty evidence
suggesting an unclear eIect on relapse within seven days (RR 0.39,
95% CI 0.02 to 8.73; 22 participants; 1 trial) when oral LTRAs were
compared to control (Watts 2012).

Secondary outcome: withdrawals

Four reviews presented a total of 1 comparisons related to
treatment withdrawals (Table 18). Comparisons ranged from 143
participants in two RCTs to 371 participants in seven RCTs. No data
were presented for interventions to reduce the work of breathing.

Inhaled treatment

The review on anticholinergic agents in children admitted to
hospital presented low-certainty evidence suggesting an unclear
eIect on overall withdrawals (RR 0.62, 95% CI 0.31 to 1.26; 294
participants; 2 trials) and very low-certainty evidence suggesting an
unclear eIect on withdrawals due to deterioration (RR 2.04, 95% CI
0.38 to 10.89; 210 participants; 1 trial) (Vezina 2014).

Parenteral treatment

The review assessing eIectiveness of intravenous aminophylline
presented seven comparisons related to withdrawals (Mitra
2005). Moderate-certainty evidence showed an unclear eIect on
withdrawals due to any cause (RR 1.65, 95% CI 0.67 to 4.07; 371
participants; 7 trials). Very low-certainty evidence was provided for
all other comparisons, including withdrawals due to adverse health
eIects and withdrawals due to poor asthma control (both overall
and subgrouped by mean theophylline levels).

Interventions to reduce the work of breathing

No reviews reported withdrawals as an outcome.

Other intervention

The review on the use of LTRAs presented low-certainty evidence
suggesting an unclear eIect on withdrawals for both oral LTRA and
control (RR 1.00, 95% CI 0.16 to 6.34; 143 participants; 2 trials) and
intravenous LTRA versus control (RR 1.13, 95% CI 0.31 to 4.12; 276
participants; 1 trial) (Watts 2012).

Secondary outcome: other measures of treatment eEect

Six reviews presented a total of eight comparisons related to
other diverse measures of treatment eIect, including three with
continuous outcomes (Table 19) and five with dichotomous

outcomes (Table 20). Comparisons ranged from 27 participants in a
single RCT to 1074 participants in nine RCTs.

Inhaled treatment

The review on anticholinergic agents added to SABAs for
initial treatment of asthma identified nine studies showing
moderate-certainty evidence for a small benefit of the addition
of anticholinergic agents in terms of the need for repeat
bronchodilator treatment aKer standard protocol prior to
disposition (RR 0.87, 95% CI 0.79 to 0.97; 1074 participants; 9 trials)
and an unclear eIect on the need for corticosteroids in the ED prior
to disposition (RR 0.89, 95% CI 0.73 to 1.08; 378 participants; 2 trials)
(GriIiths 2013).

The review on anticholinergic agents for children admitted to
hospital presented low-certainty evidence suggesting an unclear
eIect on the need for supplemental asthma therapy (RR 0.77, 95%
CI 0.41 to 1.42; 465 participants; 4 trials) and an unclear eIect on
the time to SABA spaced at four hours or longer (MD -2.17, 95% CI
-7.01 to 2.66; 290 participants; 2 trials) (Vezina 2014).

The review on continuous nebulisation of SABA compared
to intermittent nebulisation of SABA demonstrated moderate-
certainty evidence showing a reduction in respiratory therapist
time (MD -22.00, 95% CI -26.82 to -17.18; 70 participants; 1 trial)
favouring continuous nebulisation (Camargo 2003).

Parenteral treatment

The addition of intravenous aminophylline to inhaled SABA
and systemic corticosteroids demonstrated moderate-certainty
evidence showing an unclear eIect on the number of nebulisers
required in 24 hours (MD 0.15, 95% CI -0.52 to 0.83; 69 participants;
1 trial) (Mitra 2005).

The review on intravenous ketamine yielded low-certainty
evidence suggesting an unclear eIect on the rate of participants
worsening and requiring other adjuvant therapy (RR 2.12, 95% CI
0.2 to 22.31; 68 participants; 1 trial) (Jat 2012).

Interventions to reduce the work of breathing

No reviews reported other measures of treatment eIect as an
outcome.

Other interventions

The review on the use of LTRAs presented low-certainty evidence
suggesting an unclear eIect on the requirement for additional care
at the end of the RCT for oral LTRA versus control (RR 0.54, 95% CI
0.05 to 5.60; 50 participants; 1 trial) (Watts 2012).

D I S C U S S I O N

Summary of main results

In this overview, we examined evidence from published Cochrane
Reviews on interventions for escalation of therapy for acute
exacerbations of asthma in children. We synthesised the results
of published Cochrane Reviews, and we identified significant
gaps in a number of clinically important questions. We identified
further randomised controlled trials (RCTs) that may be eligible for
inclusion in review updates.
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The primary outcomes of our review were length of stay, emergency
department (ED) disposition, and adverse events.

Eight of the 13 included reviews provided data on ED or hospital
length of stay; the only intervention shown to have a beneficial
eIect was intravenous magnesium sulfate (reduced hospital length
of stay). Neither continuous versus intermittent nebulised short-
acting beta2-agonists (SABAs) nor the addition of intravenous

magnesium sulfate was shown to reduce ED treatment time.
Moderate-certainty evidence showed an unclear eIect on hospital
length of stay with the addition of intravenous beta-agonists. All
other comparisons yielded evidence of low or very low certainty,
and fewer than 100 participants were included in all but one
comparison; none demonstrated a clear diIerence in hospital
length of stay.

Less than half of the included reviews had hospital admission as
an included outcome; only three reviews provided information on
intensive care unit admission, and none demonstrated a reduction
in the risk of intensive care unit admission for any therapy.

The risk of hospital admission was reduced by the addition of
inhaled anticholinergic agents (particularly in a multiple fixed-dose
protocol) to inhaled beta2-agonists and by the use of intravenous

magnesium sulfate. We found low-certainty evidence for a small
beneficial eIect on the rate of hospital admission for inhaled heliox
and no demonstrable eIect on hospital admission for intravenous
ketamine or leukotriene receptor antagonists (LTRAs).

Only 4 of the 13 included reviews provided information on overall
adverse events. Apart from evidence of moderate certainty showing
a reduction in overall serious adverse events during hospital
admission when inhaled magnesium sulfate was added to usual
bronchodilator therapy, there was low- or very low-certainty
evidence suggesting an unclear eIect on adverse events between
treatment groups.

Nausea and vomiting were more frequent with aminophylline.
The addition of anticholinergic therapy to SABAs appeared to
reduce the risk of nausea and tremor but not vomiting. Continuous
nebulised SABAs were not associated with higher risk of tremor
than intermittent dosing.

Secondary outcomes were variably reported in trials included in the
reviews. Studies assessing spirometry and symptom scores used
diIerent measures, oKen applied at diIerent times aKer initiation
of study treatment.

Inhaled anticholinergics appeared to have a beneficial eIect on
symptom scores in ED treatment, but not aKer children had been
admitted to hospital. Continuous nebulised SABAs, heliox, non-
invasive positive-pressure ventilation, and oral LTRAs appeared to
slightly improve respiratory scores, and inhaled magnesium and
intravenous ketamine did not alter asthma scores. Aminophylline
reduced symptom scores at six to eight hours, but this eIect was
not sustained.

Spirometric measures varied between studies, including peak
expiratory flow rate (PEFR), forced expiratory volume in one second
(FEV1), and changes in respiratory resistance. These measures were
recorded at diIerent times in diIerent studies and were presented
in various ways including percentage of predicted values and/or
change from baseline. EIects of specific therapies appeared to

be conflicting and inconclusive, or eIects were no diIerent from
controls.

Many other comparisons reporting no significant evidence of
benefit were based on single small trials or unpooled combinations
of small trials. Due to lack of clear guidelines on minimal clinically
significant diIerences, the clinical impact of statistically significant
diIerences between comparison groups was unclear for many
outcomes.

Overall completeness and applicability of evidence

This overview summarises published Cochrane Reviews of all
RCTs examining interventions for escalation of therapy for acute
exacerbations of asthma in children.

Key findings include the need to update a number of reviews,
clinical heterogeneity between RCTs and reviews, and lack
of consistent outcome measures between reviews. Clinical
heterogeneity was evident with regard to study setting (inpatient
units, emergency departments, and intensive care units), definition
and assessment of asthma severity at the point of study entry,
and inclusion criteria. The diIerence in response to treatment for
young children with viral induced wheeze and asthma is a topic
of increasing interest – future RCTs and reviews should specifically
address this.

Outcome measures were inconsistent, and diIerent measures were
used at diIerent times between RCTs and between reviews.

Given the wide range of treatment options, the heterogeneity
of existing evidence, and gaps in the current literature, it is not
surprising that practice varies between clinicians. In the absence
of a robust evidence base, guidelines and clinical treatment will
continue to be based upon other considerations including clinician
experience, cost, adverse eIects, and established local practices.

A further limitation of the included reviews is that only 3 of the 13
reviews had a date of last search in 2017 or later.

Quality of the evidence

Overall, 4 of the 13 included reviews were considered to be at
high risk of bias. In all cases, this was due to concerns regarding
identification and selection of studies.

The reviews used various tools to assess the risk of bias of included
trials. Most assessments included a combination of low and unclear
risk of bias.

Our assessment of the certainty of evidence varied widely (by
review and also by outcome) and ranged from very low to high.

Potential biases in the overview process

We conducted the overview according to the published protocol,
and we have highlighted any diIerences between our published
protocol and the overview.

We identified potentially eligible reviews by applying the published
search terms for each review, screening all titles and abstracts,
and adding them to the evidence map (Table 6). It is possible that
this list is incomplete, and that further comprehensive searches for
each systematic review or update would identify additional eligible
RCTs.
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We included only Cochrane Reviews; there may be other systematic
reviews on interventions for escalation of therapy for acute
exacerbations of asthma in children published outside of the
Cochrane Library, but we are unable to comment on that. Results
and outcomes reported in non-Cochrane Reviews may have
showed diIerent results.

Of greatest concern, the overview results are limited to the
internal and external validity of the included reviews and trials. For
example, there was a degree of heterogeneity between the various
review authors in their application of assessment of the certainty
of evidence using the GRADE classification, with similar appearing
results rated diIerently by various review groups.

Agreements and disagreements with other studies or
reviews

A 2015 overview of systematic reviews of acute asthma treatment
in childhood included 28 systematic reviews on all aspects of acute
asthma treatment in children (Castro-Rodriguez 2015). The paper
included reviews that we excluded, in particular, those related to
established treatments such as use of short-acting bronchodilators
and systemic or inhaled corticosteroids. In addition, reviews were
included if they included children or a mixed population (adults and
children); our review extracted only data for children alone.

Castro-Rodriguez 2015 reached similar conclusions compared to
our overview: (1) the addition of ipratropium in children with
moderate to severe exacerbations reduced hospital admission
and improved clinical asthma score; (2) heliox-driven nebulisers
reduced exacerbation severity compared to oxygen-driven
nebulisers; and (3) intravenous magnesium sulfate reduced
hospital admissions and improved lung function (Castro-Rodriguez
2015).

Given the inclusion of systematic reviews addressing both mixed
populations and children alone, it is unclear how readily results
of the Castro-Rodriguez 2015 overview may be extrapolated to a
paediatric population (i.e. problem with indirectness).

A recently published review on the eIicacy of macrolide antibiotics
for children with an acute exacerbation of asthma/wheeze found
no diIerence in hospitalisation between those given macrolides
and those who received placebo (Pincheira 2020). The review (3
studies; 334 children) found more rapid resolution of symptoms in
two of the three included studies, but review authors were unable
to perform a meta-analysis. Single studies reported reductions in
symptom severity, reduced use of salbutamol, and improved lung
function. Our overview includes a Cochrane Review on various
antibiotics for the treatment of acute asthma (Normansell 2018);
however, the more recent review diIers from this by choice of
outcome measure and choice of antibiotics.

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

Implications for practice

This overview provides the most up-to-date evidence on
interventions for escalation of therapy for acute exacerbations of
asthma in children from systematic reviews of RCTs. Four of the 13
included reviews were rated as being at high risk of bias. A vast
majority of the 74 comparisons reported involved between one and
three RCTs, with fewer than 100 participants.

The key findings of this overview, in terms of our primary outcomes
are that:

• intravenous magnesium sulfate was the only intervention
shown to reduce hospital length of stay (high-certainty
evidence);

• no intervention was demonstrated to reduce the risk of intensive
care admission (low- to very low-certainty evidence);

• risk of hospital admission was reduced by the addition
of inhaled anticholinergic agents to inhaled beta2-agonists

(moderate-certainty evidence), the use of intravenous
magnesium sulfate (high-certainty evidence), and the use of
inhaled heliox (low-certainty evidence);

• the addition of inhaled magnesium sulfate to usual
bronchodilator therapy appears to reduce serious adverse
events during hospital admission (moderate-certainty
evidence);

• aminophylline increases vomiting compared to placebo
(moderate-certainty evidence) and increases nausea and
nausea/vomiting compared to intravenous beta2-agonists (low-

certainty evidence); and

• the addition of anticholinergic therapy to SABAs appears to
reduce the risk of nausea (high-certainty evidence) and tremor
(moderate-certainty evidence) but not vomiting (low-certainty
evidence).

Comparative studies of the various treatment options are few;
additional studies would enable us to draw firmer conclusions
about which treatments are most eIective. Further research is
required to determine which patients are most likely to benefit from
these therapies.

Implications for research

Due to the relatively rare incidence of acute severe paediatric
asthma, multi-centre research on a national or international scale
will be required to ensure that high-quality evidence is generated.

Several of the included Cochrane Reviews need to be urgently
updated. Further, we recommend that a new review into the use of
high-flow nasal oxygen therapy should be conducted.

The GRADE assessment between reviews was heterogeneous. We
recommend that consistent methods of applying this within the
review group should be developed.

More research should be conducted with preschool children
separately, or results should be reported separately in studies with
a combined population of younger and older children/adolescents.

Clinical heterogeneity with regard to study setting (inpatient
units, emergency departments, and intensive care units) should
be addressed by using reliable and reproducible assessments of
asthma severity at the point of study entry, enabling consistent
inclusion criteria. Reproducible bedside assessment of asthma
severity – particularly in young children who are unable to perform
reliable spirometry - will also prove useful in determining response
to treatment.

Currently, outcome measures are inconsistently used, and diIerent
measures are used at diIerent times between studies and between
reviews. The development of a core outcome set – with input
from patients and families, clinicians, and researchers - for future
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trials on acute severe asthma exacerbations in children is an
international priority (Craig 2020); we believe this will allow for
better comparisons between treatments in the future.

Once a set of core outcome measures is developed, agreement
on clinically important diIerences will inform adequately powered
studies able to determine which of the many available treatments
is most eIective for this group of children.
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A D D I T I O N A L   T A B L E S
 

Reference Title Reason for exclusion

Rowe 2000 Magnesium sulfate for treating exacer-
bations of acute asthma in the emer-
gency department

Replaced by separate reviews in adults and children, Griffiths
2016 contains all relevant paediatric trials

Travers 2001 Intravenous beta2-agonists for acute
asthma in the emergency department

Replaced by 2 new reviews: "Intravenous beta2-agonists ver-
sus intravenous aminophylline for acute asthma" (Travers
2012b), and "Addition of intravenous beta2-agonists for acute
asthma" (Travers 2012a)

Manser 2001 Corticosteroids for acute severe asthma
in hospitalised patients

No studies where the results for children could be separated
from the results for adults

Jones 2001 Inhaled beta2-agonists for asthma in
mechanically ventilated patients

No trials were included in the review

Table 1.   Excluded reviews 
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Review ID Date of last
search

Total num-
ber of stud-
ies (total
number
of partici-
pants)

Number
of studies
involving
children
(number of
children in
review)

Population Interventions Compari-
son inter-
ventions

Outcomes for which data
were reported

Review lim-
itations

Inhaled treatment

Camargo 2003

Continuous vs
intermittent be-
ta-agonists for
acute asthma

9 March
2011

8 (644) 1 (70) Participants pre-
senting to an ED (or
its equivalent) with
acute asthma

Continuous (de-
fined as 1 neb-
ulisation every
15 minutes or >
4 nebulisations
per hour) in-
haled beta-ago-
nist therapy

Intermittent
inhaled be-
ta-agonist
therapy

- PEFR

- Admission to hospital

- ED treatment time

- Respiratory therapist time

- Symptom scores

- Tremor

- Nausea/vomiting

Limited pae-
diatric data

Griffiths 2013

Combined in-
haled anticholin-
ergics and short-
acting beta-ag-
onists for ini-
tial treatment of
acute asthma in
children

18 April
2012

20 (2632) 20 (2632) Children aged 18
months to 18 years
presenting to an ED
with an acute exac-
erbation of asthma

Single or re-
peated doses
of nebulised or
inhaled short-
acting anti-
cholinergics
plus SABAs

Single or
repeated
doses of
nebulised
or inhaled
placebo
plus SABAs

- Hospital admission

- FEV1

- PEFR

- Respiratory resistance

- Clinical asthma score

- Need for repeat bron-
chodilator treatment

- Oxygen saturation measure-
ments

- Need for corticosteroids in
the ED prior to disposition

- Tremor

- Vomiting

- Nausea
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- Relapse

Vezina 2014

Inhaled anti-
cholinergic and
short-acting be-
ta2-agonists vs
short-acting be-
ta2-agonists
alone for children
with acute asth-
ma in hospital

November
2013

4 (472) 4 (472) Children 1 to 18
years of age who
were hospitalised
for an acute asth-
ma exacerbation

Nebulised or
inhaled anti-
cholinergics
with SABA

Nebulised
or inhaled
SABA

- Duration of hospital stay

- Admission to ICU

- Need for supplemental asth-
ma therapy

- Time to SABA spaced at 4
hours or longer

- Asthma clinical scores

- Relapse within 72 hours of
discharge from hospital

- Predicted PEFR

- Adverse health effects

- Overall withdrawals

- Withdrawals due to deterio-
ration

 

Knightly 2017

Inhaled magne-
sium sulfate in
the treatment of
acute asthma

6 Septem-
ber 2017

25 (3301) 8 (1247) Patients with acute
asthma

- Inhaled
MgSO4

- Inhaled
MgSO4 and in-
haled beta2-ag-
onist

- Inhaled
MgSO4 and in-
haled beta2-ag-
onist and iprat-
ropium

- Inhaled be-
ta2-agonist

- Inhaled be-
ta2-agonist
and placebo

- Inhaled be-
ta2-agonist
and iprat-
ropium and
placebo

- Clinical severity scores

- Admission at first presenta-
tion

- Admission to PICU/HDU or
intubation

- Serious adverse events

- Any adverse event (during
admission)

- Hypotension

- Flushing

- Pulmonary function (% pre-
dicted FEV1)

- PEF

- Admission to hospital
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3
0

Parenteral treatment

Mitra 2005

Intravenous
aminophylline
for acute severe
asthma in chil-
dren over 2 years
of age receiving
inhaled bron-
chodilators

February
2007

7 (380) 7 (380) Children aged be-
tween 2 and 17
years with acute
severe asthma or
status asthmati-
cus (acute, severe,
refractory exacer-
bations) attending
EDs, or in hospital
wards or ICUs

Loading dose
of IV amino-
phylline fol-
lowed by main-
tenance in-
fusion, intra-
venous amino-
phylline bolus-
es, or oral theo-
phylline

Placebo - FEV1

- Peak flow

- Oxygenation (SaO2 or PaO2)

- Supplemental oxygen reduc-
tion

- Change in symptom scores

- Number of nebulisers re-
quired in 24 hours

- ICU admission rates

- Rates of patients mechani-
cally ventilated in ICU

- Length of hospital stay

- Vomiting

- Headache

- Tremor

- Seizures

- Hypokalaemia

- Arrhythmias

- Blood pressure

- Magnitude of diuresis

- Death

- Withdrawal due to adverse
health effects

- Withdrawal due to poor
asthma control

- Withdrawal (any cause)
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Travers 2012a

Addition of intra-
venous beta2-ag-
onists to inhaled
beta2-agonists
for acute asthma

September
2012

3 (102) 2 (73) Adult or paediatric
patients with se-
vere acute asthma
presenting to an
emergency depart-
ment (or its equiva-
lent)

IV selective or
non-selective
beta1- and be-
ta2-agonists in
addition to in-
haled beta2-ag-
onists and ex-
isting standards
of care

Inhaled be-
ta2-agonists
and stan-
dard care
alone

- Length of stay

- Pulse rate

- Clinical failure

Limited pae-
diatric data

Travers 2012b

Intravenous be-
ta2-agonists
vs intravenous
aminophylline for
acute asthma

September
2012

11 (371) 4 (168) Adults and children
with severe acute
asthma present-
ing to an ED (or its
equivalent) and pa-
tients admitted to
hospital with acute
severe asthma

IV beta2-ago-
nists and stan-
dard care

Intravenous
amino-
phylline and
standard
asthma care

- Length of stay

- Clinical failure

- CPK elevation

- CPK-MB elevation

- Dysrhythmia

- Headache

- Hyperglycaemia

- Hypokalaemia

- Palpitations

- Tremor

- Nausea/vomiting

- Nausea

- Vomiting

Limited pae-
diatric data

Griffiths 2016

Intravenous mag-
nesium sulfate
for treating chil-
dren with acute
asthma in the
emergency de-
partment

23 February
2016

5 (182) 5 (182) Children (18
months to 18 years)
treated in the ED
for acute asthma
(all severities)

Any dose of IV
MgSO4

Placebo - Hospital admissions

- ED treatment time

- Return to ED within 48 hours

- Hospital length of stay

Limited pae-
diatric data,
small stud-
ies

Jat 2012 4 Septem-
ber 2017

1 (68) 1 (68) Children (< 18
years) present-

Ketamine (IM or
IV)

Placebo - Reduction in pulmonary in-
dex score

Limited pae-
diatric data

Table 2.   Review characteristics  (Continued)
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2

Ketamine for
management of
acute exacerba-
tions of asthma

ing with an acute
asthma exacer-
bation who had
not responded to
standard therapy
with aerosolised
beta2-agonist,
with or without
aerosolised anti-
cholinergic drugs
and oral or par-
enteral corticos-
teroid, for at least 1
hour

- Disposition for enrolled pa-
tients after study enrolment

- Side effects

Interventions to reduce the work of breathing

Rodrigo 2006

Heliox for non-
intubated acute
asthma patients

25 August
2010

10 (529) 3 (82) Children or adult
patients presenting
to an ED or equiv-
alent care settings
for treatment of
acute asthma

Inhaled heliox Control
(oxygen or
air)

- Pulmonary function

- Heart rate

- Oxygen saturations

- Dyspnoea or pulmonary in-
dex

- Hospital admissions

Limited pae-
diatric data

Korang 2016

Non-invasive pos-
itive-pressure
ventilation for
acute asthma in
children

February
2016

2 (40) 2 (40) Children (aged < 18
years) hospitalised
for an asthma at-
tack (as defined by
the trialists)

Any type of
NPPV (includ-
ing CPAP and
BiPAP) as add-
on therapy to
usual care

Usual care - Mortality

- Serious adverse events

- Asthma symptom score

- Pneumonia

- Non-serious adverse events

Limited pae-
diatric data

Other interventions

Normansell 2018

Antibiotics for ex-
acerbations of
asthma

17 October
2017

6 (670) 3 (133) Children and adults
who presented
to an ED, primary
care, outpatient
clinics, or inpatient

Intravenous
or oral antibi-
otics, given at
any dose and
for any duration
of treatment

Placebo or
standard
care

- Adverse events

- Serious adverse events

- Length of hospital stay

- Peak expiratory flow

Limited pae-
diatric data

Table 2.   Review characteristics  (Continued)
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3
3

wards with an asth-
ma exacerbation

Watts 2012

Leukotriene re-
ceptor antago-
nists in addition
to usual care for
acute asthma in
adults and chil-
dren

February
2012

8 (1940) 4 (470) Children and adults
with acute asth-
ma presenting for
acute medical care
to an ED or equiva-
lent setting

LTRA (oral or IV)
and standard
care (inhaled
beta2-agonists,
systemic cor-
ticosteroids ±
oxygen, ipra-
tropium bro-
mide)

Placebo
and stan-
dard care
(inhaled
beta2-ago-
nists, sys-
temic corti-
costeroids
± oxygen,
ipratropium
bromide)

- Hospital admission

- Requirement for additional
care at end of study

- Change in FEV1

- Change in pulmonary index
score

- Change in respiratory rate

- Withdrawals

- Relapse (within 7 days)

 

Table 2.   Review characteristics  (Continued)

ED: emergency department; PEFR: peak expiratory flow rate; FEV1: forced expiratory volume in one second; SABA: short-acting beta-agonist; ICU: intensive care unit; LTRA:
leukotriene receptor antagonist; MgSO4: magnesium sulfate; PICU: paediatric intensive care unit; HDU: high-dependency unit; PEF: peak expiratory flow; IV: intravenous; SaO2:
saturation of oxygen; PaO2: arterial pressure of oxygen; CPK: creatine phosphokinase; CPK-MB: creatine phosphokinase myocardial band; IM: intramuscular; NPPV: non-invasive
positive-pressure ventilation; CPAP: continuous positive airway pressure; BiPAP: bilevel positive airway pressure.
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Intervention Cochrane Re-
view

Number of in-
cluded stud-
ies involv-
ing children
(number of
participants)

Potential
new studies
based on re-
view search
strategy

Overview
team rec-
ommenda-
tions for new
Cochrane
Reviews, or
changes to
existing re-
views

Overview team suggested research prior-
ities based on evidence presented in this
evidence map

Inhaled treatment

Continuous vs
intermittent
beta-agonists

Camargo 2003 1 (70) Rose 2011;
Sabato 2011;
Wilkinson
2018

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Emergency
department
setting

Griffiths 2013

20 (2632) Supriyatno
2012; Sengul
Gokalp 2013;
Memon 2016

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Combined in-
haled anti-
cholinergics
and short-act-
ing beta-ago-
nists

Inpatient set-
ting

Vezina 2014

4 (472) Wyatt 2015 Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Inhaled mag-
nesium sul-
fate

Knightly 2017 8 (1247) Motamed
2017; Mustafa
2017

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Parenteral bronchodilators

Intravenous
aminophylline

Mitra 2005 7 (380) Naao 2007;
Chen 2008;
D'Avila 2008;
Singhi 2014;
Tiwari 2016

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Addition of in-
travenous be-
ta2-agonists
to inhaled be-
ta2-agonists

Travers 2012a 2 (73) Aubuchon
2012; Sch-
neider 2012;
House 2015

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at

Table 3.   Evidence map 
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study entry, and consistent inclusion criteria
in future trials

Intravenous
beta2-ago-
nists vs in-
travenous
aminophylline

Travers 2012b 4 (168) Singhi 2014 Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Intravenous
magnesium
sulfate

Griffiths 2016 5 (182)     Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Ketamine Jat 2012 1 (68)     Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Interventions to reduce the work of breathing

Heliox Rodrigo 2006 3 (82) Bigham 2010;
Brandão 2011;
Ortiz 2012;
Morimoto
2018

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Non-invasive
positive-pres-
sure ventila-
tion

Korang 2016 2 (40) Navanandan
2017

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

High-flow
nasal oxygen
therapy

No review N/A   New review
needed

Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Other interventions

Antibiotics Normansell
2018

3 (133) Mandhane
2017

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at

Table 3.   Evidence map  (Continued)

Interventions for escalation of therapy for acute exacerbations of asthma in children: an overview of Cochrane Reviews (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

35



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

study entry, and consistent inclusion criteria
in future trials

Leukotriene
receptor an-
tagonists

Watts 2012 4 (470) Adachi 2012;
Matsuse 2012;
Zubairi 2013;
Kanchana-
teeraphong
2014; Mag-
azine 2016;
Chaudhury
2017; Mag-
azine 2018;
Wang 2018

Update review Compare effectiveness in preschool and old-
er children

Develop and use core outcome measures,
consistent assessment of asthma severity at
study entry, and consistent inclusion criteria
in future trials

Table 3.   Evidence map  (Continued)

 
 

Review Asthma diagnosis Asthma severity

Inhaled treatment

Camargo 2003 No information provided Patients presenting to an ED or its equivalent

Griffiths 2013 Acute exacerbation of asthma Patients presenting to an ED

Vezina 2014 Acute asthma exacerbation Hospitalised for an acute asthma exacerbation

Knightly 2017 Acute asthma (excluded chronic or “sta-
ble” asthma). “We accepted any reason-
able diagnosis of asthma, namely clinical
and guideline-based criteria”

No information provided

Parenteral treatment

Mitra 2005 Acute severe asthma or status asthmati-
cus

No definition provided for severe

Status asthmaticus defined as “acute, severe, refractory ex-
acerbations”

Patients were attending ED, hospital wards, or intensive care

Travers 2012a Severe acute asthma No definition provided for “severe”. Included patients pre-
senting to an ED (or its equivalent)

Travers 2012b Severe acute asthma No definition provided for “severe”. Included patients pre-
senting to an ED or admitted to hospital

Griffiths 2016 Acute asthma Patients treated in the ED with acute asthma (all severities)

Jat 2012 Acute asthma exacerbation Not responded to standard therapy with aerosolised be-
ta2-agonist, with or without aerosolised anticholinergic
drugs and oral or parenteral corticosteroid, for at least 1
hour

Other interventions to reduce the work of breathing

Table 4.   Details of asthma diagnosis and asthma severity in included reviews 
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Rodrigo 2006 Clinical diagnosis asthma exacerbation
(according to accepted criteria such as
those published by the American Tho-
racic Society). Excluded patients with
COPD

Presenting to an ED or equivalent care setting. Excluded pa-
tients requiring mechanical ventilation at presentation

Korang 2016 Asthma attack (as defined by the trial-
ists). Excluded children with pneumonia,
aspiration, bronchiolitis, cystic fibrosis, or
any ciliary dyskinetic syndrome

Children hospitalised for an asthma attack

Other interventions

Normansell 2018 Asthma exacerbation. Excluded pneumo-
nia, COPD, and bronchiectasis

Presented to the ED, primary care, outpatient clinics, or in-
patient wards. Included both inpatients and outpatients

Watts 2012 Acute asthma Presenting for acute medical care to an ED or equivalent set-
ting

Table 4.   Details of asthma diagnosis and asthma severity in included reviews  (Continued)

COPD: chronic obstructive pulmonary disease; ED: emergency department.
 
 

Review Domain 1: study
eligibility criteria

Domain 2: identifica-
tion and selection of
studies

Domain 3: data col-
lection and study
appraisal

Domain 4: synthe-
sis and findings

Risk of bias in
the review

Inhaled treatment

Camargo 2003 Low concern Low concern Low concern Low concern Low risk

Griffiths 2013 Low concern High concern Low concern Low concern High risk

Vezina 2014 Low concern High concern Low concern Low concern High risk

Knightly 2017 Low concern High concern Low concern Low concern High risk

Parenteral treatment

Mitra 2005 Low concern High concern Unclear concern Low concern High risk

Travers 2012a Low concern Low concern Low concern Low concern Low risk

Travers 2012b Low concern Low concern Low concern Low concern Low risk

Griffiths 2016 Low concern Low concern Low concern Low concern Low risk

Jat 2012 Low concern Low concern Low concern Low concern Low risk

Other interventions to reduce the work of breathing

Rodrigo 2006 Low concern Low concern Low concern Low concern Low risk

Korang 2016 Low concern Low concern Low concern Low concern Low risk

Table 5.   ROBIS assessment of included reviews 
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Other interventions

Normansell 2018 Low concern Low concern Low concern Low concern Low risk

Watts 2012 Low concern Low concern Low concern Low concern Low risk

Table 5.   ROBIS assessment of included reviews  (Continued)

Complete details of all components of the ROBIS assessment are presented in Appendix 4.
 
 

Review Number of stud-
ies where re-
sults for chil-
dren are avail-
able and in-
cluded in this
overview

Summary of
findings

Methodological
quality assess-
ment tool

Risk of bias assessment (from review authors)

Inhaled treatment

Camargo 2003 1 No Jadad score Jadad score: 2/5

Unclear sequence generation; no allocation con-
cealment

Griffiths 2013 27 Yes. High-cer-
tainty evidence

Assessed accord-
ing to recom-
mendations in
the Cochrane
Handbook for
Systematic Re-
views of Interven-
tions

Random sequence generation: low risk in 17/27

Allocation concealment: low risk in 21/27

Blinding: low risk in 23/27

Incomplete outcome data: low risk in 23/27

Selective reporting: low risk in 20/27

Other bias: low risk in 23/27

Vezina 2014 4 Yes. Moder-
ate-certainty
evidence for all
comparisons

Cochrane ‘Risk of
bias’ tool

Random sequence generation: low risk in 2/4

Allocation concealment: low risk in 2/4

Blinding of participants and personnel: Low risk in
4/4

Blinding of outcome assessment: low risk in 4/4

Incomplete outcome data: low risk in 4/4

Selective reporting: low risk in 2/4

Other bias: low risk in 4/4

Knightly 2017 8 Yes. Certainty
ranges from very
low to low to
moderate to high

Cochrane ‘Risk of
bias’ tool

Random sequence generation: low risk in 4/8

Allocation concealment: low risk in 4/8

Blinding of participants and personnel: low risk in
5/8

Blinding of outcome assessment: low risk in 5/8

Table 6.   Certainty of evidence in the included reviews 
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Incomplete outcome data: low risk in 5/8

Selective reporting: low risk in 5/8; high risk in 2/8

Parenteral treatment

Mitra 2005 7 No Jadad score Jadad score: 4/5 (3 studies); 5/5 (4 studies)

Adequate sequence generation: low risk in 2/7

Allocation concealment: low risk in 3/7; high risk in
2/7

Blinding: low risk in 7/7

Travers 2012a 2 Yes. Moderate-
and low-certain-
ty evidence

Assessed accord-
ing to recom-
mendations in
the Cochrane
Handbook for
Systematic Re-
views of Interven-
tions

Random sequence generation: low risk in 2/2

Allocation concealment: low risk in 2/2

Blinding of participants and personnel: low risk in
2/2

Blinding of outcome assessment: low risk in 2/2

Incomplete outcome data: low risk in 2/2

Selective reporting: unclear risk in 2/2

Travers 2012b 4 Yes. Most scores
of moderate cer-
tainty. Low cer-
tainty for heart
rate at 60 min-
utes

Cochrane ‘Risk of
bias’ tool

Random sequence generation: low risk in 2/4

Allocation concealment: low risk in 2/4

Blinding of participants and personnel: low risk in
3/4

Blinding of outcome assessment: low risk in 3/4

Incomplete outcome data: unclear risk in 4/4

Selective reporting: unclear risk in 4/4

Griffiths 2016 5 Yes. Low cer-
tainty for all out-
comes

Cochrane ‘Risk of
bias’ tool

Random sequence generation: low risk in 2/5

Allocation concealment: low risk in 2/5

Blinding of participants and personnel: low risk in
5/5

Blinding of outcome assessment: low risk in 4/5

Incomplete outcome data: low risk in 2/5

Selective reporting: low risk in 3/5

Other bias: low risk in 4/5; high risk in 1/5

Jat 2012 1 No. Cochrane ‘Risk of
bias’ tool

Random sequence generation: low risk

Allocation concealment: low risk

Blinding of participants and personnel: unclear risk

Blinding of outcome assessment: low risk

Incomplete outcome data: low risk

Table 6.   Certainty of evidence in the included reviews  (Continued)

Interventions for escalation of therapy for acute exacerbations of asthma in children: an overview of Cochrane Reviews (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

39



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Selective reporting: unclear risk

Other bias: unclear risk

Other interventions to reduce the work of breathing

Rodrigo 2006 3 No. Jadad score Jadad score: 4/5 (1 study); 3/5 (2 studies)

Allocation concealment: unclear risk in 3/3

Korang 2016 2 Yes. Very low cer-
tainty for all out-
comes

Cochrane ‘Risk of
bias’ tool

Random sequence generation: unclear risk in 2/2

Allocation concealment: unclear risk in 2/2

Blinding of participants and personnel: low risk in
2/2

Blinding of outcome assessment: unclear risk in 2/2

Incomplete outcome data: high risk in 1/21/2; low
risk in 1/2

Selective reporting: low risk in 1/2

Other bias: low risk in 2/2

Other interventions

Normansell 2018 3 Yes. Moderate,
low, and very low
certainty.

Assessed accord-
ing to recom-
mendations in
the Cochrane
Handbook for
Systematic Re-
views of Interven-
tions

Random sequence generation: low risk in 1/3

Allocation concealment: low risk in 1/3

Blinding of participants and personnel: high risk in
1/3; low risk in 2/3

Blinding of outcome assessment: high risk in 1/3

Incomplete outcome data: high risk in 2/3; low risk
in 1/3

Selective reporting: high risk in 2/3

Other bias: low risk in 2/3

Watts 2012 4 No. Assessed accord-
ing to recom-
mendations in
the Cochrane
Handbook for
Systematic Re-
views of Interven-
tions

Random sequence generation: low risk in 3/4

Allocation concealment: low risk in 3/4

Blinding of participants and personnel: low risk in
3/4

Blinding of outcome assessment: low risk in 1/4

Incomplete outcome data: low risk in 4/4

Table 6.   Certainty of evidence in the included reviews  (Continued)

 
 

Interven-
tion/Compari-
son

Outcome Results:
treatment ef-
fect (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' as-
sessment of the certainty of evi-
dence

Table 7.   Length of stay measures 
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ED treatment time

Continuous vs
intermittent
nebulisation:
moderate to se-
vere (Camargo
2003)

ED treatment time
(units not specified)

MD -1.00
(-13.50 to
11.50)

70 (1) Low Certainty downgraded due to seri-
ous imprecision and serious risk of
bias of the single study: unclear se-
quence generation, no allocation
concealment (single-blind study)

IV magnesium
sulfate (Grif-
fiths 2016)

ED treatment time
(minutes)

MD 5.00
(-24.40 to
34.40)

27 (1) Moderate Certainty downgraded due to seri-
ous imprecision

Hospital length of stay

Antibiotics vs
placebo (Nor-
mansell 2018)

Length of hospital
stay (days)

MD -0.10
(-0.53 to 0.33)

43 (1) Very low Certainty downgraded due to se-
rious imprecision, risk of bias in
single study (before good report-
ing standards introduced: 6 partic-
ipants excluded but unclear from
which arm they were excluded), in-
directness (all children with status
asthmaticus and study conducted
before current asthma management
had been introduced (e.g. they all
received IV adrenaline)

Addition of IV
SABA to inhaled
SABA (Travers
2012a)

PICU length of stay
(hours)

MD -12.95
(-38.74 to
12.84)

46 (1) Moderate Certainty downgraded due to seri-
ous imprecision

Inhaled anti-
cholinergics
+ SABA vs SA-
BA alone for
children hos-
pitalised with
asthma (Vezina
2014)

Duration of hospital
stay (hours)

MD -0.28
(-5.07 to 4.52)

327 (3) Low Certainty downgraded due to risk of
bias in review (single author select-
ed possible citations) and serious
imprecision

Length of hospital
stay (hours): all pa-
tients

MD -2.1 (-9.45
to 5.25)

231 (3) Low Certainty downgraded due to risk
of bias in review (single author re-
viewed each abstract) and serious
imprecision

Length of hospital
stay (hours): sub-
maximal inhaled be-
ta2-agonists 
(< 45 mg/kg/h)

MD 6.00
(-20.49 to
32.49)

26 (1) Very low Certainty downgraded due to risk
of bias in review (single author re-
viewed each abstract) and very seri-
ous imprecision

IV amino-
phylline + SA-
BA + systemic
steroids vs
placebo + SA-
BA + systemic
steroids (Mitra
2005)

Length of hospital
stay (hours): max-
imised inhaled be-
ta2-agonists (≥ 45
mg/kg/h)

MD 4.10
(-13.73 to
21.93)

42 (1) Low Certainty downgraded due to risk
of bias in review (single author re-
viewed each abstract) and serious
imprecision

Table 7.   Length of stay measures  (Continued)
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Length of hospital
stay (hours): max-
imised inhaled be-
ta2-agonists (≥ 45
mg/kg/h) and anti-
cholinergics

MD -4.32
(-12.79 to
4.15)

163 (1) Low Certainty downgraded due to risk
of bias in review (single author re-
viewed each abstract) and serious
imprecision

Length of stay
(hours): all pa-
tients (positive val-
ues favour amino-
phylline)

MD 23.19
(-2.40 to
48.77)

73 (2) Low Certainty downgraded due to very
serious imprecision

Length of stay
(hours): paediatric
(non-PICU) pa-
tients (positive val-
ues favour amino-
phylline)

MD 28.10
(-2.60 to
58.80)

44 (1) Low Certainty downgraded due to very
serious imprecision

IV SABA vs
intravenous
aminophylline
for acute asth-
ma (Travers
2012b)

Length of stay
(hours): PICU pa-
tients

(positive values
favour amino-
phylline)

MD 12.00
(-34.31 to
58.31)

29 (1) Low Certainty downgraded due to very
serious imprecision

IV magnesium
sulfate (Grif-
fiths 2016)

Hospital length of
stay (hours)

MD -5.30
(-9.46 to -1.14)

47 (1) High  

Table 7.   Length of stay measures  (Continued)

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; ED: emergency department;
IV: intravenous; MD: mean diIerence; PICU: paediatric intensive care unit: SABA: short-acting beta2-agonist; SMD: standardised mean
diIerence.
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4
3

Illustrative comparative risks
(95% CI)

Assumed risk Correspond-
ing risk

Interven-
tion/Compar-
ison

Population

With com-
parator

With inter-
vention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' assessment of
the certainty of evidence

Inhaled treatment

Moderate to se-
vere

667 per 1000 460 per 1000
(220 to 974)

0.69 (0.33 to
1.46)

22 (1) Very low Certainty downgraded due to very serious im-
precision; serious risk of bias of single study;
unclear sequence generation; no allocation
concealment (single-blind study)

Continuous vs
intermittent
nebulisation:
moderate to
severe (Ca-
margo 2003) Less severe 86 per 1000 58 per 1000

(11 to 322)
0.67 (0.12 to
3.75)

70 (1) Very low Certainty downgraded due to very serious im-
precision; serious risk of bias of single study;
unclear sequence generation; no allocation
concealment (single-blind study)

All studies 232 per 1000 169 per 1000
(146 to 197)

0.73 (0.63 to
0.85)

2497 (19) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Single-dose
protocol

176 per 1000 148 per 1000
(98 to 222)

0.84 (0.56 to
1.26)

419 (3) Low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and serious imprecision

Multiple fixed-
dose protocol

252 per 1000 181 per 1000
(154 to 212)

0.72 (0.61 –
0.84)

1998 (15) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Multiple flexi-
ble-dose proto-
col

0 0 (not es-
timable)

Not estimable 80 (1) Low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and single study with high risk of bias (consecu-
tive assignment rather than randomised)

Severe asthma 298 per 1000 217 per 1000
(182 to 259)

0.73 (0.61 to
0.87)

1188 (8) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Anticholiner-
gic and SA-
BA vs SABA
alone (Grif-
fiths 2013)

Moderate to se-
vere asthma

269 per 1000 161 per 1000
(110 to 239)

0.60 (0.41 to
0.89)

371 (4) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Table 8.   Hospital admission 
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4
4

Moderate asth-
ma

145 per 1000 112 per 1000
(71 to 177)

0.77 (0.49 to
1.22)

463 (3) Low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and serious imprecision

Mild to moder-
ate asthma

140 per 1000 122 per 1000
(73 to 206)

0.87 (0.52 to
1.47)

358 (2) Low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and serious imprecision

Mild asthma 70 per 1000 100 per 1000
(29 to 336)

1.43 (0.42 to
4.79)

117 (1) Very low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and very serious imprecision

Highest tertile
control group
event rate

487 per 1000 331 per 1000
(273 to 399)

0.68 (0.56 to
0.82)

669 (6) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Middle tertile
control group
event rate

241 per 1000 181 per 1000
(137 to 239)

0.75 (0.57 to
0.99)

780 (6) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Lowest tertile
control group
event rate

80 per 1000 73 per 1000
(47 to 114)

0.91 (0.59 to
1.42)

968 (6) Low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and serious imprecision

Background
corticosteroids

317 per 1000 225 per 1000
(187 to 273)

0.71 (0.59 to
0.86)

1043 (8) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

No background
corticosteroids

297 per 1000 199 per 1000
(140 to 279)

0.67 (0.47 to
0.94)

353 (6) Moderate Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)

Corticosteroids
administered
variably (at
physician dis-
cretion)

214 per 1000 165 per 1000
(116 to 235)

0.77 (0.54 to
1.10)

511 (3) Low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and serious imprecision

Background
corticosteroids
not reported

91 per 1000 77 per 1000
(44 to 139)

0.85 (0.48 to
1.53)

500 (1) Very low Certainty downgraded due to risk of bias in re-
view (single author selected possible citations)
and very serious imprecision

Inhaled mag-
nesium sul-
fate

MgSO4 + SA-
BA + Ipratropi-
um/Placebo +
SABA + Iprat-

957 per 1000 919 per 1000
(880 to 967)

0.96 (0.92 to
1.01)

508 (1) Moderate Certainty downgraded due to risk of bias in re-
view (single author decided on trial inclusion)

Table 8.   Hospital admission  (Continued)
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4
5

ropium (Admis-
sion at first pre-
sentation)

(Knightly
2017)

MgSO4 + SABA
vs Placebo +
SABA

(Knightly 2017)

86 per 1000 98 per 1000
(38 to 257)

1.14 (0.44 to
2.98)

162 (2) Very low Certainty downgraded due to very serious im-
precision and risk of bias in review (single au-
thor decided on trial inclusion), and because a
majority of patients were from a study judged
to be at risk of reporting bias

Parenteral treatment

Intravenous
magnesium
sulfate (Grif-
fiths 2016)

Intravenous
MgSO4/Placebo

767 per 1000 537 per 1000
(414 to 698)

0.70 (0.54 to
0.91)

115 (3) High  

Intravenous
ketamine vs
placebo (Jat
2012)

Keta-
mine/Placebo

829 per 1000 788 per 1000
(622 to 995)

0.95 (0.75 to
1.20)

68 (1) Moderate Certainty downgraded due to single small
study – risk of serious imprecision

Other interventions to reduce the work of breathing

Heliox vs
placebo for
non-intubat-
ed asthma pa-
tients (Rodri-
go 2006)

Heliox vs place-
bo

750 per 1000 517 per 1000
(360 to 742)

0.69 (0.48 to
0.99)

71 (2) Low Risk of serious imprecision. SR shows asym-
metrical funnel plot, suggesting publication
bias

Other interventions

Oral LTRA/Con-
trol

62 per 1000 53 per 1000
(13 to 218)

0.86 (0.12 to
3.52)

194 (3) Low Certainty downgraded due to very serious im-
precision

Leukotriene
receptor an-
tagonists in
addition to
usual care
(Watts 2012)

Intravenous
LTRA/Control

252 per 1000 199 per 1000
(129 to 310)

0.79 (0.51 to
1.23)

276 (1) Moderate Certainty downgraded due to serious impreci-
sion

Table 8.   Hospital admission  (Continued)

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; LTRA: leukotriene receptor antagonist; MgSO4: magnesium sulfate;
SABA: short-acting beta2-agonist.
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4
6

Illustrative comparative risks
(95% CI)

Assumed risk Correspond-
ing risk

Intervention/Comparison Outcome

With com-
parator

With inter-
vention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors'
assessment of the certainty of
evidence

Inhaled anticholinergics +
SABA vs SABA alone for chil-
dren hospitalised with asth-
ma (Vezina 2014)

Admission to
the ICU

0 per 1000 0 (not es-
timable)

Not estimable 210 (1) Low Certainty downgraded due to
very serious imprecision

MgSO4 + SABA + Ipratropi-
um/Placebo + SABA + Iprat-
ropium (Knightly 2017)

HDU/ICU ad-
mission

59 per 1000 87 per 1000
(47 to 165)

1.48 (0.79 to
2.79)

505 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
decided on trial inclusion)

Intravenous aminophylline
+ beta2-agonists + systemic
steroids vs placebo + be-
ta2-agonists + systemic
steroids (Mitra 2005)

ICU admission
rates

500 per 1000 370 per 1000
(260 to 530)

0.74 (0.52 to
1.06)

163 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Table 9.   Intensive care unit admission 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; HDU: high-dependency unit; ICU: intensive care unit; LTRA: leukotriene
receptor antagonist; MgSO4: magnesium sulfate; SABA: short-acting beta2-agonist.
 
 

Illustrative comparative risks
(95% CI)

Assumed risk Correspond-
ing risk

Interven-
tion/Comparison

Outcome

With com-
parator

With inter-
vention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' assess-
ment of the certainty of evidence

All adverse events

Table 10.   Adverse eEects 
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4
7

Antibiotics vs
placebo (Nor-
mansell 2018)

All adverse
events

125 per 1000 100 per 1000
(19 to 541)

0.80 (0.15 to
4.33)

44 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in single study
(possible attrition bias and reporting bias)

Inhaled anticholin-
ergics + SABA vs
SABA alone for chil-
dren hospitalised
with asthma (Vezi-
na 2014)

Adverse
health effects

0 0 (not es-
timable)

Not estimable 290 (2) Very low Certainty downgraded due to risk of bias in
review (single author selected possible cita-
tions) and very serious imprecision

MgSO4 + SABA +
Ipratropium vs
Placebo + SABA
+ Ipratropium
(Knightly 2017)

Any adverse
event (during
admission)

204 per 1000 186 per 1000
(131 to 265)

0.91 (0.64 to
1.30)

507 (1) Low Certainty downgraded due to serious im-
precision and risk of bias in review (single
author decided on trial inclusion)

MgSO4 + SABA vs
Placebo + SABA
(Knightly 2017)

Any adverse
events

11 per 1000 5 per 1000 (0
to 57)

0.46 (0.04 to
4.98)

365 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author decided on trial inclusion)

Serious adverse events

Antibiotics vs
placebo (Nor-
mansell 2018)

Serious ad-
verse events

0 0 (not es-
timable)

Not estimable 40 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in single study
(possible performance bias and detection
bias)

MgSO4 + SABA +
Ipratropium vs
Placebo + SABA
+ Ipratropium
(Knightly 2017)

Serious ad-
verse events
(during ad-
mission)

47 per 1000 12 per 1000 (3
to 42)

0.25 (0.07 to
0.89)

507 (1) Moderate Certainty downgraded due to risk of bias in
review (single author decided on trial inclu-
sion)

MgSO4 + SABA vs
Placebo + SABA
(Knightly 2017)

Serious ad-
verse events

0 per 1000 0 (not es-
timable)

Not estimable 62 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author decided on trial inclusion)

Non-invasive posi-
tive-pressure ven-
tilation (Korang
2016)

Serious ad-
verse events

0 per 1000 0 (not es-
timable)

Not estimable 35 (2) Very low Certainty downgraded due to risk of bias
and very serious imprecision

Table 10.   Adverse eEects  (Continued)
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4
8

Death

IV aminophylline
+ SABA + systemic
steroids vs place-
bo + SABA + sys-
temic steroids (Mi-
tra 2005)

Death 0 per 1000 0 (not es-
timable)

Not estimable 326 (6) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Non-invasive posi-
tive-pressure ven-
tilation (Korang
2016)

Mortality 0 per 1000 0 (not es-
timable)

Not estimable 16 (1) Very low Certainty downgraded due to risk of bias in
included study and very serious imprecision

Tremor

Continuous vs in-
termittent nebuli-
sation: moderate
to severe (Camargo
2003)

Tremor 257 per 1000 144 per 1000
(54 to 383)

0.56 (0.21 to
1.49)

70 (1) Low Certainty downgraded due to serious im-
precision and serious risk of bias of the sin-
gle study; unclear sequence generation; no
allocation concealment (single-blind study)

Anticholinergic
and SABA vs SA-
BA alone (Griffiths
2013)

Tremor 202 per 1000 139 per 1000
(103 to 188)

0.69 (0.51 to
0.93)

524 (9) Moderate Certainty downgraded due to risk of bias in
review (single author selected possible cita-
tions)

Tremor: all
patients

263 per 1000 355 per 1000
(231 to 545)

1.35 (0.88 to
2.07)

192 (2) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Tremor: mean
theophylline
levels < 15
mg/L

385 per 1000 500 per 1000
(216 to 1000)

1.30 (0.56 to
3.02)

29 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

IV aminophylline
+ SABA + systemic
steroids vs place-
bo + SABA + sys-
temic steroids (Mi-
tra 2005)

Tremor: mean
theophylline
levels ≥ 15
mg/L

244 per 1000 334 per 1000
(205 to 544)

1.37 (0.84 to
2.23)

163 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

IV SABA vs IV
aminophylline for

Tremor 375 per 1000
with SABA

694 (334 to
1000) with
aminophylline

1.85 (0.89 to
3.83)

29 (1) Low Certainty downgraded due to very serious
imprecision

Table 10.   Adverse eEects  (Continued)
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4
9

acute asthma (Tra-
vers 2012b)

Nausea and/or vomiting

Continuous vs in-
termittent nebuli-
sation: moderate
to severe (Camargo
2003)

Nausea/Vom-
iting

57 per 1000 11 per 1000 (0
to 230)

0.20 (0.01 to
4.02)

70 (1) Very low Certainty downgraded due to very serious
imprecision and serious risk of bias of the
single study; unclear sequence generation;
no allocation concealment (single-blind
study)

Vomiting 36 per 1000 32 per 1000
(18 to 56)

0.88 (0.49 to
1.56)

1230 (8) Low Certainty downgraded due to risk of bias in
review (single author selected possible cita-
tions) and serious imprecision

Anticholinergic
and SABA vs SA-
BA alone (Griffiths
2013)

Nausea 107 per 1000 64 per 1000
(41 to 102)

0.60 (0.38 to
0.95)

757 (7) Moderate Certainty downgraded due to risk of bias in
review (single author selected possible cita-
tions).

Vomiting: all
patients

84 per 1000 311 per 1000
(181 to 534)

3.69 (2.15 to
6.33)

305 (5) Moderate Certainty downgraded due to risk of bias
in review (single author reviewed each ab-
stract)

Vomiting:
mean theo-
phylline lev-
els < 15 mg/L
(mcg/mL)

69 per 1000 189 per 1000
(81 to 443)

2.73 (1.17 to
6.39)

142 (4) Moderate Certainty downgraded due to risk of bias
in review (single author reviewed each ab-
stract)

IV aminophylline
+ SABA + systemic
steroids vs place-
bo + SABA + sys-
temic steroids (Mi-
tra 2005)

Vomiting:
mean theo-
phylline lev-
els ≥ 15 mg/L
(mcg/mL)

98 per 1000 433 per 1000
(214 to 874)

4.43 (2.19 to
8.95)

163 (1) Moderate Certainty downgraded due to risk of bias
in review (single author reviewed each ab-
stract)

Nausea/Vom-
iting

0 per 1000
with
SABA

Not estimable
due to rate of
0 in control
group

19.00 (1.15 to
313.64)

66 (1) Low Certainty downgraded due to very serious
imprecision

IV SABA vs IV
aminophylline for
acute asthma (Tra-
vers 2012b)

Nausea 313 per 1000
with SABA

694 per 1000
(307 to 1000)
with amino-
phylline

2.22 (0.98 to
4.99)

29 (1) Low Certainty downgraded due to very serious
imprecision

Table 10.   Adverse eEects  (Continued)
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5
0

Vomiting 438 per 1000
with SABA

692 (359 to
1000) with
aminophylline

1.58 (0.82 to
3.07)

29 (1) Low Certainty downgraded due to very serious
imprecision

Cardiovascular adverse effects

Hypotension 8 per 1000 4 per 1000 (1
to 44)

0.51 (0.05 to
5.54)

507 (1) Low Certainty downgraded due to serious im-
precision and risk of bias in review (single
author decided on trial inclusion)

MgSO4 + SABA
+ Ipratropium /
[SD2] Placebo + SA-
BA + Ipratropium
(Knightly 2017) Flushing 12 per 1000 8 per 1000 (2

to 27)
0.67 (0.11 to
4.00)

507 (1) Low Certainty downgraded due to serious im-
precision and risk of bias in review (single
author decided on trial inclusion)

IV aminophylline
+ SABA + systemic
steroids vs place-
bo + SABA + sys-
temic steroids (Mi-
tra 2005)

Arrhythmias 26 per 1000 11 per 1000 (1
to 234)

0.40 (0.02 to
9.12)

75 (2) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Dysrhythmia 188 per 1000
with SABA

32 per 1000 (2
to 578) with
aminophylline

0.17 (0.01 to
3.08)

29 (1) Low Certainty downgraded due to very serious
imprecision

IV SABA vs IV
aminophylline for
acute asthma (Tra-
vers 2012b)

Palpitations 0 per 1000 0 (not es-
timable)

Not estimable 29 (1) Low Certainty downgraded due to very serious
imprecision

Neurological adverse effects

Headache: all
patients

124 per 1000 159 per 1000
(87 to 289)

1.28 (0.70 to
2.33)

238 (3) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Headache:
mean theo-
phylline lev-
els < 15 mg/L
(mcg/mL)

0 per 1000 Not estimable
due to rate of
0 in control
group

5.48 (0.67 to
44.61)

75 (2) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

IV aminophylline
+ SABA + systemic
steroids vs place-
bo + SABA + sys-
temic steroids (Mi-
tra 2005)

Headache:
mean theo-
phylline lev-

183 per 1000 185 per 1000
(97 to 353)

1.01 (0.53 to
1.93)

163 (1) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Table 10.   Adverse eEects  (Continued)
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els ≥ 15 mg/L
(mcg/mL)

IV SABA vs IV
aminophylline for
acute asthma (Tra-
vers 2012b)

Headache 188 per 1000
with SABA

231 per 1000
(57 to 959)
with amino-
phylline

1.23 (0.30 to
5.11)

29 (1) Low Certainty downgraded due to very serious
imprecision

Seizures: all
patients

7 per 1000 7 per 1000 (0
to 116)

1.01 (0.06 to
15.91)

274 (4) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Seizures:
mean theo-
phylline lev-
els < 15 mg/L
(mcg/mL)

0 per 1000 0 (not es-
timable)

Not estimable 88 (2) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

IV aminophylline
+ SABA + systemic
steroids vs place-
bo + SABA + sys-
temic steroids (Mi-
tra 2005)

Seizures:
mean theo-
phylline lev-
els ≥ 15 mg/L
(mcg/mL)

11 per 1000 11 per 1000 (1
to 171)

1.01 (0.06 to
15.91)

186 (2) Very low Certainty downgraded due to very serious
imprecision and risk of bias in review (single
author reviewed each abstract)

Pneumonia

Non-invasive posi-
tive-pressure ven-
tilation (Korang
2016)

Pneumonia 0 per 1000 0 (not es-
timable)

Not estimable 19 (1) Very low  

Laboratory results

CPK elevation 250 per 1000
with SABA

385 (130 to
1000) with
aminophylline

1.54 (0.52 to
4.59)

29 (1) Low Certainty downgraded due to very serious
imprecision

CPK-MB ele-
vation

63 per 1000
with SABA

154 per 1000
(110 to 1000)
with amino-
phylline

2.46 (0.25 to
24.21)

29 (1) Low Certainty downgraded due to very serious
imprecision

IV SABA vs IV
aminophylline for
acute asthma (Tra-
vers 2012b)

Hypergly-
caemia

1000 per 1000
with SABA

920 per 1000
(750 to 1000)

0.92 (0.75 to
1.12)

29 (1) High  

Table 10.   Adverse eEects  (Continued)
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2

with amino-
phylline

Hy-
pokalaemia

163 per 1000
with SABA

169 per 1000
(90 to 353)
with amino-
phylline

1.04 (0.48 to
2.25)

95 (2) Low Certainty downgraded due to very serious
imprecision

Table 10.   Adverse eEects  (Continued)

CI: confidence interval; CPK: creatine phosphokinase; CPK-MB: creatine phosphokinase myocardial band; GRADE: Grading of Recommendations Assessment, Development and
Evaluation; MgSO4: magnesium sulfate; SABA: short acting beta2-agonist.
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Interven-
tion/Compar-
ison

Outcome Results:
treatment ef-
fect (95% CI)
unless other-
wise stated

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors'
assessment of the certainty of
evidence

Continuous
vs intermit-
tent nebulisa-
tion (Camargo
2003)

Symptom scores SMD 0.66 (0.18
to 1.14)

70 (1) Low Certainty downgraded due to se-
rious imprecision and serious
risk of bias of the single study;
unclear sequence generation;
no allocation concealment (sin-
gle-blind study)

Anticholiner-
gic and SA-
BA vs SABA
alone (Grif-
fiths 2013)

Change in clinical score
at 120 minutes (± 30 min-
utes)

SMD -0.23
(-0.42 to -0.04)

934 (3) Moderate Certainty downgraded due to risk
of bias in review (single author
selected possible citations)

Oral LTRA vs
control (Watts
2012)

Change in pulmonary in-
dex score (final assess-
ment)

MD -1.20
(-1.37 to -1.03)

50 (1) High  

Heliox vs
placebo for
non-intubat-
ed asthma pa-
tients (Rodri-
go 2006)

Dyspnoea or pulmonary
index

MD -0.51
(-1.14 to 0.11)

93 (3) Low Risk of serious imprecision. SR
shows asymmetrical funnel plot,
suggesting publication bias

Inhaled anti-
cholinergics
+ SABA vs SA-
BA alone for
children hos-
pitalised with
asthma (Vezi-
na 2014)

Asthma clinical scores 8
to 36 hours after initial
treatment

SMD 0.02
(-0.34 to 0.38)

117 (2) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

Inhaled mag-
nesium sul-
fate (Knightly
2017)

Yung asthma severity
score at 60 minutes

MD -0.23
(-0.48 to 0.02)

472 (1) Moderate Certainty downgraded due to risk
of bias in review (single author
decided on trial inclusion)

Change in symptom
scores 6 to 8 hours after
enrolment (all patients)

SMD -0.42
(-0.70 to -0.13)

215 (3) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in symptom
scores 6 to 8 hours after
enrolment: submaximal
inhaled beta-2 agonists
(< 45 mg/kg/h)

SMD -0.31
(-0.94 to 0.32)

39 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

IV amino-
phylline + SA-
BA + systemic
steroids vs
placebo + SA-
BA + systemic
steroids

(Mitra 2005)

Change in symptom
scores 6 to 8 hours after
enrolment: maximised

Not estimable 21 (1) Very low Certainty downgraded due to
very serious imprecision and risk

Table 11.   Symptom scores 
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inhaled beta-2 agonists
(≥ 45 mg/kg/h)

of bias in review (single author
reviewed each abstract)

Change in symptom
scores 6 to 8 hours after
enrolment: maximised
inhaled beta-2 agonists
(≥ 45 mg/kg/h) and anti-
cholinergics

SMD -0.45
(-0.77 to -0.13)

155 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in symptom
scores 12 to 18 hours af-
ter enrolment: submaxi-
mal inhaled beta-2 ago-
nists (< 45 mg/kg/h)

SMD -0.45
(-1.09 to 0.19)

39 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in symptom
scores 12 to 18 hours
after enrolment: max-
imised inhaled beta-2 ag-
onists (≥ 45 mg/kg/h)

Not estimable 21 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
reviewed each abstract)

Change in symptom
scores 24 hours after en-
rolment (all patients)

SMD -0.13
(-0.52 to 0.25)

127 (4) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in symptom
scores 24 hours after en-
rolment: submaximal in-
haled beta-2 agonists (<
45 mg/kg/h)

Not estimable 21 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
reviewed each abstract)

Change in symptom
scores 24 hours after en-
rolment: maximised in-
haled beta-2 agonists (≥
45 mg/kg/h) and anti-
cholinergics

SMD -0.13
(-0.52 to 0.25)

127 (4) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

IV ketamine vs
placebo (Jat
2012)

Pulmonary Index Score MD 0.40 (-1.21
to 0.41)

68 (1) Moderate Certainty downgraded due to se-
rious imprecision

Non-invasive
positive-pres-
sure ventila-
tion (Korang
2016)

Asthma symptom score
in the acute phase

MD -2.50
(-4.70 to -0.30)

19 (1) Moderate Certainty downgraded due to risk
of bias in included study

Table 11.   Symptom scores  (Continued)

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; LTRA: leukotriene receptor
antagonist; MD: mean diIerence; mg/kg: milligram per kilogram; SABA: short-acting beta2-agonist; SMD: standardised mean diIerence;
SR: systematic review.
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Interven-
tion/Compar-
ison

Outcome Results:
treatment ef-
fect (95% CI)
unless other-
wise stated

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors'
assessment of the certainty of
evidence

Continuous vs
intermittent
nebulisation:
moderate to
severe (Ca-
margo 2003)

PEFR values (end of
study)

SMD 0.25
(-0.22 to 0.72)

70 (1) Low Certainty downgraded due to se-
rious imprecision and serious
risk of bias of the single study;
unclear sequence generation;
no allocation concealment (sin-
gle-blind study)

Change from baseline
in %predicted FEV1, 60
minutes after last dose of
inhaled bronchodilator

MD 10.08 (6.24
to 13.92)

402 (5) Moderate Certainty downgraded due to risk
of bias in review (single author
selected possible citations)

Change from baseline
in %predicted FEV1, 120
minutes after last dose of
inhaled bronchodilator

MD 6.87 (1.17
to 12.56)

117 (2) Moderate Certainty downgraded due to risk
of bias in review (single author
selected possible citations)

% Change in FEV1 or PE-
FR at 60 minutes after
last inhaled bronchodila-
tor (± 15 minutes)

SMD 0.57 (0.25
to 0.88)

166 (4) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

% Change in FEV1 or PE-
FR at 120 minutes after
last inhaled bronchodila-
tor (± 30 minutes)

SMD 0.12
(-0.15 to 0.39)

219 (4) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

% Change in respirato-
ry resistance at 60 min-
utes after inhaled bron-
chodilator (± 15 minutes)
– all studies

MD 0.02 (-0.02
to 0.07)

294 (2) Moderate Certainty downgraded due to risk
of bias in review (single author
selected possible citations)

% Change in respirato-
ry resistance at 60 min-
utes after inhaled bron-
chodilator (± 15 minutes)
– with corticosteroids
given within previous 60
minutes

MD -0.02
(-0.13 to 0.09)

70 (1) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

% Change in respirato-
ry resistance at 60 min-
utes after inhaled bron-
chodilator (± 15 minutes)
– no corticosteroids

MD 0.03 (-0.02
to 0.08)

224 (1) Moderate Certainty downgraded due to risk
of bias in review (single author
selected possible citations)

Anticholiner-
gic and SABA
vs SABA alone:
variable cor-
ticosteroids
(at physi-
cians’ discre-
tion) (Griffiths
2013)

% Change in respirato-
ry resistance at 120 min-
utes after inhaled bron-
chodilator (± 30 minutes)
– all studies

MD -0.01
(-0.09 to 0.07)

108 (2) Moderate Certainty downgraded due to risk
of bias in review (single author
selected possible citations)

Table 12.   Lung function 
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% Change in respirato-
ry resistance at 120 min-
utes after inhaled bron-
chodilator (± 30 minutes)
– with corticosteroids
given within previous 120
minutes

MD 0.02 (-0.12
to 0.16)

47 (1) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

% Change in respirato-
ry resistance at 120 min-
utes after inhaled bron-
chodilator (± 30 minutes)
– no corticosteroids

MD -0.02
(-0.12 to 0.08)

61 (1) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

Antibiotics vs
placebo (Nor-
mansell 2018)

PEFR (L/min) MD 38.80
(-11.19 to
88.79)

40 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in single study (possible perfor-
mance bias and detection bias)

Oral LTRA vs
control (Watts
2012)

Change in FEV1 (predict-
ed)

MD -3.10
(-12.70 to
6.50)

26 (1) Moderate Risk of serious imprecision

IV LTRA vs
control (Watts
2012)

Change in FEV1 (litres) MD 0.01 (-0.06
to 0.08)

276 (1) High  

Heliox vs
placebo for
non-intubat-
ed asthma pa-
tients (Rodri-
go 2006)

Pulmonary function SMD 0.32
(-0.52 to 1.16)

22 (1) Low Risk of serious imprecision. SR
shows asymmetrical funnel plot,
suggesting publication bias

Inhaled anti-
cholinergics
+ SABA vs SA-
BA alone for
children hos-
pitalised with
asthma (Vezi-
na 2014)

Percentages of predicted
PEFR at 8 to 36 hours af-
ter initial treatment

MD -1.60
(-17.20 to
14.00)

20 (1) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

Pulmonary function
%predicted FEV1

MD 8.10 (-3.03
to 19.23)

62 (1) Low Certainty downgraded due to se-
rious imprecision (single small
study) and risk of bias in review
(single author decided on trial in-
clusion)

MgSO4 + SABA
vs Placebo +
SABA

(Knightly
2017)

Pulmonary function PEF
L/min

MD 11.90
(-6.86 to
30.66)

80 (1) Low Certainty downgraded due to se-
rious imprecision (single small
study) and risk of bias in review
(single author decided on trial in-
clusion)

IV amino-
phylline + SA-
BA + systemic
steroids vs

Change in % predicted
FEV1 within 4 hours of
enrolment: submaximal

Not estimable 2 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
reviewed each abstract)

Table 12.   Lung function  (Continued)
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inhaled SABA (< 45 mg/
kg/h)

Change in % predicted
FEV1 within 4 hours of
enrolment: maximised
inhaled SABA (≥ 45 mg/
kg/h)

MD 2.08 (-9.04
to 13.20)

21 (1) Low Certainty downgraded due to se-
rious imprecision (single small
study) and risk of bias in review
(single author reviewed each ab-
stract)

Change in % predicted
FEV1 6 to 8 hours after
enrolment (all patients)

MD 8.37 (0.82
to 15.92)

65 (3) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

Change in % predicted
FEV1 6 to 8 hours after
enrolment: submaximal
inhaled SABA (< 45 mg/
kg/h)

Not estimable 2 (1) Very low Certainty downgraded due to
very serious imprecision (single
small study) and risk of bias in
review (single author reviewed
each abstract)

Change in % predicted
FEV1 6 to 8 hours after
enrolment: maximised
inhaled SABA (≥ 45 mg/
kg/h)

MD 5.45 (-6.33
to 17.23)

21 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in % predicted
FEV1 6 to 8 hours after
enrolment: maximised
inhaled SABA (≥ 45 mg/
kg/h) and anticholiner-
gics

MD 10.4 (0.57
to 20.23)

42 (1) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

Change in % predicted
FEV1 12 to 18 hours after
enrolment (all patients)

MD 8.15 (1.04
to 15.27)

57 (3) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

Change in % predicted
FEV1 12 to 18 hours after
enrolment: submaximal
inhaled SABA (< 45 mg/
kg/h)

Not estimable 2 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
reviewed each abstract)

Change in % predicted
FEV1 12 to 18 hours after
enrolment: maximised
inhaled SABA (≥ 45 mg/
kg/h)

MD 5.74 (-6.14
to 17.62)

20 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in % predicted
FEV1 12 to 18 hours after
enrolment: maximised
inhaled SABA (≥ 45 mg/
kg/h) and anticholiner-
gics

MD 9.50 (0.62
to 18.38)

35 (1) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

placebo + SA-
BA + systemic
steroids (Mitra
2005)

Change in % predicted
FEV1 24 hours after en-
rolment (all patients)

MD 8.87 (1.25
to 16.5)

62 (3) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

Table 12.   Lung function  (Continued)
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Change in % predicted
FEV1 24 hours after en-
rolment: submaximal in-
haled SABA (< 45 mg/kg/
h)

Not estimable 2 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
reviewed each abstract)

Change in % predicted
FEV1 24 hours after en-
rolment: maximised in-
haled SABA (≥ 45 mg/kg/
h)

MD 7.36 (-7.61
to 22.33)

39 (1) Low Certainty downgraded due to se-
rious imprecision and risk of bias
in review (single author reviewed
each abstract)

Change in % predicted
FEV1 24 hours after en-
rolment: maximised in-
haled SABA (≥ 45 mg/kg/
h) and anticholinergics

MD 9.40 (0.54
to 18.26)

62 (3) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

Change in PEF at 6 to 8
hours after enrolment
(all patients)

SMD 0.92 (0.32
to 1.52)

50 (2) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Change in PEF at 6 to 8
hours after enrolment:
submaximal inhaled SA-
BA (< 45 mg/kg/h)

SMD 0.51
(-0.96 to 1.98)

8 (1) Very low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and very
serious imprecision

Change in PEF at 6 to 8
hours after enrolment:
maximised inhaled SABA
(≥ 45 mg/kg/h) and anti-
cholinergics

SMD 1.00 (0.35
to 1.66)

42 (1) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Change in PEF at 12 to
18 hours after enrolment
(all patients)

SMD 0.75 (0.25
to 1.26)

67 (3) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Change in PEF at 12 to 18
hours after enrolment:
submaximal inhaled SA-
BA (< 45 mg/kg/h)

SMD 0.71
(-0.01 to 1.48)

32 (2) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Change in PEF at 12 to 18
hours after enrolment:
maximised inhaled SABA
(≥ 45 mg/kg/h) and anti-
cholinergics

SMD 0.77 (0.08
to 1.47)

35 (1) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Change in PEF at 24
hours after enrolment
(all patients)

SMD 0.39
(-0.51 to 1.30)

70 (3) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Change in PEF at 24
hours after enrolment:

SMD 0.33
(-1.39 to 2.04)

31 (2) Low Certainty downgraded due to risk
of bias in review (single author

Table 12.   Lung function  (Continued)
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submaximal inhaled SA-
BA (< 45 mg/kg/h)

reviewed each abstract) and seri-
ous imprecision

Change in PEF at 24
hours after enrolment:
maximised inhaled SABA
(≥ 45 mg/kg/h) and anti-
cholinergics

SMD 0.66 (0.01
to 1.31)

39 (1) Low Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract) and seri-
ous imprecision

Table 12.   Lung function  (Continued)

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; FEV1: forced expiratory volume in
one second; LTRA: leukotriene receptor antagonist; MD: mean diIerence; mg/kg: milligram per kilogram; PEF: peak expiratory flow; PEFR:
peak expiratory flow rate; SABA: short-acting beta2-agonist; SMD: standardised mean diIerence.
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6
0

Illustrative comparative risks
(95% CI)

Assumed risk Corresponding
risk

Interven-
tion/Compar-
ison

Outcome

With com-
parator

With interven-
tion

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' assess-
ment of the certainty of evidence

Oxygen satura-
tions < 95% at
60 minutes (± 15
minutes)

365 per 1000 267 per 1000
(210 to 354)

0.73 (0.55 to
0.97)

416 (2) Moderate Certainty downgraded due to risk of bias in
review (single author selected possible cita-
tions)

Anticholiner-
gic and SA-
BA vs SABA
alone (Grif-
fiths 2013)

Oxygen satura-
tions < 95% at
120 minutes (± 30
minutes)

367 per 1000 404 per 1000
(279 to 583)

1.10 (0.76 to
1.59)

185 (2) Very low Certainty downgraded due to serious incon-
sistency, serious imprecision, and serious
risk of bias in review (single author selected
possible citations)

Table 13.   Vital signs: dichotomous outcomes 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; SABA: short-acting beta2-agonist.
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Intervention/Compar-
ison

Outcome Results: treat-
ment effect
(95% CI) un-
less otherwise
stated

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors'
assessment of the certainty of
evidence

Addition of IV SABA to
inhaled SABA (Travers
2012a)

Pulse rate
(beats/min) at
2 hours

MD 10.00 (-1.07
to 21.07)

29 (1) Moderate Certainty downgraded due to se-
rious imprecision

Oral LTRA vs control
(Watts 2012)

Change in res-
piratory rate
(breaths/min)
(final assess-
ment)

MD -4.60 (-6.84
to -2.36)

50 (1) High  

Heart rate
(beats/min)

MD 0.0 (-13.80
to 13.80)

22 (1) Low Serious imprecision. SR shows
asymmetrical funnel plot, sug-
gesting publication bias

Heliox vs placebo for
non-intubated asthma
patients (Rodrigo 2006)

SaO2 MD 0.0 (-2.51 to
2.51)

22 (1) Low Serious imprecision. SR shows
asymmetrical funnel plot, sug-
gesting publication bias

IV aminophylline + SA-
BA + systemic steroids
vs. placebo + SABA +
systemic steroids

(Mitra 2005)

Blood pres-
sure

Not estimable 2 (1) Very low Certainty downgraded due to
very serious imprecision and risk
of bias in review (single author
reviewed each abstract)

Table 14.   Vital signs: continuous outcomes 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; LTRA: leukotriene receptor
antagonist; MD: mean diIerence; SABA: short-acting beta2-agonist; SaO2: oxygen saturation.
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6
2

Illustrative comparative risks
(95% CI)

Assumed risk Corresponding
risk

Intervention/Compari-
son

Outcome

With com-
parator

With interven-
tion

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' as-
sessment of the certainty of evi-
dence

IV aminophylline + SA-
BA + systemic steroids
vs Placebo + SABA + sys-
temic steroids (Mitra
2005)

Rates of pa-
tients me-
chanically
ventilated in
ICU

61 per 1000 6 per 1000 (1 to
100)

0.09 (0.01 to
1.64)

163 (1) Very low Certainty downgraded due to very
serious imprecision and risk of bias
in review (single author reviewed
each abstract)

Table 15.   Rates of mechanical ventilation in the intensive care unit 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; ICU: intensive care unit; SABA: short-acting beta2-agonist.
 
 

Illustrative comparative risks (95%
CI)

Assumed risk Corresponding risk

Intervention/Com-
parison

Outcome

With com-
parator

With intervention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors'
assessment of the certainty of
evidence

Addition of IV SABA to
inhaled SABA (Travers
2012a)

Clinical failure 933 per 1000 354 per 1000 (177 to
728)

0.38 (0.19 to
0.78)

29 (1) Moderate One point deducted as data con-
tributed by only 1 study

IV SABA vs IV amino-
phylline for acute asth-
ma (Travers 2012b)

Clinical failure 303 per 1000
with SABA

303 per 1000 (145
to 630) with amino-
phylline

1.00 (0.48 to
2.08)

66 (1) Low Certainty downgraded due to
very serious imprecision

Table 16.   Clinical failure 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; IV: Intravenous; SABA: short-acting beta2-agonist.
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3

Illustrative comparative risks
(95% CI)

Assumed risk Correspond-
ing risk

Intervention/Com-
parison

Outcome

With com-
parator

With inter-
vention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certaintyof
the evidence
(GRADE)

Comments: overview authors' assess-
ment of the certainty of evidence

Anticholinergic and
SABA vs SABA alone
(Griffiths 2013)

Relapse 45 per 1000 48 per 1000
(31 to 76)

1.07 (0.68 to
1.68)

1389 (10) Low Certainty downgraded due to serious
imprecision and risk of bias in review
(single author selected possible cita-
tions)

Oral LTRA vs control
(Watts 2012)

Relapse with-
in 7 days

83 per 1000 32 per 1000 (1
to 727)

0.39 (0.02 to
8.73)

22 (1) Low Certainty downgraded due to very seri-
ous imprecision

Inhaled anticholiner-
gics + SABA vs SABA
alone for children hos-
pitalised with asthma
(Vezina 2014)

Relapse with-
in 72 hours
of discharge
from hospital

0 per 1000 0 (not es-
timable)

Not estimable 80 (1) Low Certainty downgraded due to risk of bias
in review (single author selected possi-
ble citations) and serious imprecision

IV magnesium sulfate
(Griffiths 2016)

Return to
ED within 48
hours

22 per 1000 9 per 1000 (1
to 211)

0.41 (0.02 to
9.71)

85 (2) Low Certainty downgraded due to very seri-
ous imprecision

Table 17.   Relapse/Return to the emergency department 

CI: confidence interval; ED: emergency department; GRADE: Grading of Recommendations Assessment, Development and Evaluation; LTRA: leukotriene receptor antagonist;
SABA: short acting beta2-agonist.
 
 

Illustrative comparative risks
(95% CI)

Assumed risk Correspond-
ing risk

Interven-
tion/Compar-
ison

Outcome

With com-
parator

With inter-
vention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' assess-
ment of the certainty of evidence

Table 18.   Withdrawals 
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Oral LTRA vs
control (Watts
2012)

Withdrawals 28 per 1000 28 per 1000 (4
to 178)

1.00 (0.16 to
6.34)

143 (2) Low Downgraded due to very serious impreci-
sion

IV LTRA vs
control (Watts
2012)

Withdrawals 31 per 1000 35 per 1000
(10 to 126)

1.13 (0.31 to
4.12)

276 (1) Low Downgraded due to very serious impreci-
sion

Overall withdrawals 122 per 1000 76 per 1000
(38 to 154)

0.62 (0.31 to
1.26)

294 (2) Low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and serious imprecision

Inhaled anti-
cholinergics
+ SABA vs SA-
BA alone for
children hos-
pitalised with
asthma (Vezi-
na 2014)

Withdrawals due to
deterioration

19 per 1000 39 per 1000 (7
to 206)

2.04 (0.38 to
10.89)

210 (1) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

Withdrawals due to
adverse health ef-
fects: all patients

11 per 1000 16 per 1000 (9
to 75)

1.48 (0.32 to
6.85)

370 (7) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

Withdrawals due to
adverse health ef-
fects: mean theo-
phylline levels < 15
mg/L

22 per 1000 32 per 1000 (7
to 148)

1.48 (0.32 to
6.85)

186 (5) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

Withdrawals due to
adverse health ef-
fects: mean theo-
phylline levels ≥ 15
mg/L

0 per 1000 0 (not es-
timable)

Not estimable 184 (2) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

Withdrawals due to
poor asthma control:
all patients

16 per 1000 11 per 1000 (2
to 63)

0.70 (0.13 to
3.90)

370 (7) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

IV amino-
phylline + SA-
BA + systemic
steroids vs
placebo + SA-
BA + systemic
steroids (Mitra
2005)

Withdrawals due to
poor asthma control:
mean theophylline
levels < 15 mg/L

32 per 1000 22 per 1000 (4
to 126)

0.70 (0.13 to
3.90)

186 (5) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

Table 18.   Withdrawals  (Continued)
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6
5

Withdrawals due to
poor asthma control:
mean theophylline
levels ≥ 15 mg/L

0 per 1000 0 (not es-
timable)

Not estimable 184 (2) Very low Certainty downgraded due to risk of bias
in review (single author selected possible
citations) and very serious imprecision

Withdrawals due to
any cause

38 per 1000 63 per 1000
(26 to 154)

1.65 (0.67 to
4.07)

371 (7) Moderate Certainty downgraded due to risk of bias
in review (single author selected possible
citations)

Table 18.   Withdrawals  (Continued)

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; LTRA: leukotriene receptor antagonist; mg/L: milligrams per litre; SABA:
short acting beta2-agonist.
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Intervention/Compari-
son

Outcome Results:
treatment ef-
fect (95% CI)
unless other-
wise stated

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors'
assessment of the certainty of
evidence

Continuous vs intermit-
tent nebulisation: mod-
erate to severe (Camargo
2003)

Respiratory
therapist time

MD -22.00
(-26.82 to
-17.18)

70 (1) Moderate Certainty downgraded due to
serious risk of bias of the single
study; unclear sequence genera-
tion; no allocation concealment
(single-blind study)

Inhaled anticholinergics
+ SABA vs SABA alone
for children hospitalised
with asthma (Vezina
2014)

Time to SA-
BA spaced
at 4 hours or
longer (hours)

MD -2.17
(-7.01 to 2.66)

290 (2) Low Certainty downgraded due to risk
of bias in review (single author
selected possible citations) and
serious imprecision

IV aminophylline + SA-
BA + systemic steroids
vs Placebo + SABA + sys-
temic steroids (Mitra
2005)

Number of
nebulisers re-
quired in 24
hours

MD 0.15 (-0.52
to 0.83)

69 (1) Moderate Certainty downgraded due to risk
of bias in review (single author
reviewed each abstract)

Table 19.   Other measures: continuous outcomes 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; MD: mean diIerence; SABA:
short-acting beta2-agonist.
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6
7

Illustrative comparative risks
(95% CI)

Assumed risk Correspond-
ing risk

Interven-
tion/Comparison

Outcome

With com-
parator

With inter-
vention

Relative ef-
fect: risk ra-
tio (95% CI)

Number of
participants
(studies)

Certainty of
the evidence
(GRADE)

Comments: overview authors' as-
sessment of the certainty of evi-
dence

Need for repeat
bronchodilator treat-
ment after standard
protocol prior to dis-
position

539 per 1000 469 per 1000
(426 to 523)

0.87 (0.79 to
0.97)

1074 (9) Moderate Certainty downgraded due to risk of
bias in review (single author selected
possible citations)

Anticholinergic
and SABA vs SA-
BA alone (Griffiths
2013)

Need for corticos-
teroids in
ED prior to disposi-
tion

516 per 1000 459 per 1000
(377 to 557)

0.89 (0.73 to
1.08)

378 (2) Moderate Certainty downgraded due to risk of
bias in review (single author selected
possible citations)

Oral LTRA vs con-
trol (Watts 2012)

Requirement for ad-
ditional care at end
of study

77 per 1000 42 per 1000 (4
to 431)

0.54 (0.05 to
5.60)

50 (1) Low Certainty downgraded due to very
serious imprecision

Inhaled anticholin-
ergics + SABA vs
SABA alone for chil-
dren hospitalised
with asthma (Vezi-
na 2014)

Need for supplemen-
tal asthma therapy

86 per 1000 66 per 1000
(35 to 122)

0.77 (0.41 to
1.42)

465 (4) Low Certainty downgraded due to risk of
bias in review (single author selected
possible citations) and serious im-
precision

IV ketamine vs
placebo (Jat 2012)

Worsened and re-
quired other adju-
vant therapy

29 per 1000 61 per 1000 (6
to 638)

2.12 (0.2 to
22.31)

68 (1) Low Certainty downgraded due to very
serious imprecision

Table 20.   Other measures: dichotomous outcomes 

CI: confidence interval; GRADE: Grading of Recommendations Assessment, Development and Evaluation; ED: emergency department; LTRA: leukotriene receptor antagonist;
SABA: short-acting beta2-agonist.
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A P P E N D I C E S

Appendix 1. Search strategy for Cochrane Database of Systematic Reviews

#1 MeSH descriptor: [Asthma] explode all trees

#2 MeSH descriptor: [Respiratory Sounds] this term only

#3 asthma*:ti,ab,kw

#4 #1 or #2 or #3

Appendix 2. Data collection tool

Details of the review

• First author name

• Year of publication

• Number of included primary studies

• Countries and years of original studies

• Eligibility criteria of included studies

• Numbers of included participants

• Sample size of included RCTs

• Details of included RCTs

Participant characteristics

• Age

• Severity of asthma

• Definition of exacerbation of asthma for each RCT

• Treatment before enrolment

Setting

• Emergency department

• Hospital ward

• Intensive care unit

Types of interventions

• Name of medication/intervention

• Dose of medication/intervention

• Duration of treatment

• Frequency of intervention administration

Description of the comparative treatment (placebo, regular doses of bronchodilators)

Description of outcome measures used

For each outcome measure

• Number of participants in intervention group

• Number of participants in control group

• Intervention event rate

• Control event rate

• EIect estimates for pooled results (risk ratio, odds ratio, hazard ratio, standardised mean diIerence, or absolute risk reduction and
corresponding 95% confidence intervals)

• Details of statistical tests for heterogeneity
◦ Chi2 test

◦ I2 test

Predefined primary outcome measures
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• Length of stay
◦ Emergency department length of stay

◦ Hospital length of stay

• Emergency department disposition
◦ Hospital admission

◦ ICU admission

◦ ED discharge

• Adverse events
◦ Vomiting

◦ Nausea

◦ Tremor

◦ Tachycardia

◦ Arrhythmia

◦ Convulsion

◦ Other (specify)

Predefined secondary outcome measures

• Symptom scores/clinical asthma scores
◦ Name of score

◦ Definition/reference

◦ Time of recording of outcome measure

◦ Interpretation of score result (cut-oI)

• Lung function tests
◦ Examples: peak expiratory flow rate, forced expiratory volume in 1 second, and other measures

◦ Name of test

◦ Definition/reference

◦ Time of recording of outcome measure

◦ Interpretation of test result (cut-oI)

• Vital signs
◦ Examples: pulse, blood pressure, respiratory rate, pulse oximetry

◦ Name of vital sign

◦ Definition/reference

◦ Time of recording of vital signs

◦ Interpretation of vital signs results (cut-oI)

• Requirement for additional bronchodilator treatment
◦ Name of outcome measure

◦ Definition/reference

◦ Time of recording of outcome

◦ Interpretation

• Requirement for respiratory support
◦ Intubation

◦ Time of recording of outcome

• Non-invasive ventilation
◦ Name of outcome measure (CPAP, BiPap, etc.)

◦ Definition/reference

◦ Time of recording of outcome

◦ Interpretation

• Economic outcomes/healthcare costs
◦ Definition/reference

◦ Time of recording of outcome

◦ Interpretation

• Additional outcome measures
◦ Name of outcome measure

◦ Definition/reference
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◦ Time of recording of outcome

◦ Interpretation

Risk of bias assessments of RCTs included in the reviews

Quality assessment tools used (e.g. GRADE), along with the mean or median and range of any reported quality scores

Conclusions of each review

Review recommendations for further research

If the included systematic review includes all studies relevant to a particular outcome, we will extract summary data alone. If data are
required to be extracted from a subgroup of studies (i.e. only children), then we will extract study-level data from all RCTs included in the
review. These data will include numerical primary study results and risk of bias data

Appendix 3. ROBIS tool

The ROBIS tool to assess risk of bias in systematic reviews consists of the following assessment criteria.

Phase 1. Assessing relevance (optional)

For intervention reviews, assessment of patients/populations; interventions; comparators; and outcomes.

Phase 2. Identifying concerns with the review process

Domain 1. Study eligibility criteria

• Did the review adhere to predefined objectives and eligibility criteria?

• Were the eligibility criteria appropriate for the review question?

• Were eligibility criteria unambiguous?

• Were all restrictions in eligibility criteria based on study characteristics appropriate?

• Were any restrictions in eligibility criteria based on sources of information appropriate?

Domain 2. Identification and selection of studies

• Did the search include an appropriate range of databases/electronic sources for published and unpublished reports?

• Were methods additional to database searching used to identify relevant reports?

• Were the terms and structure of the search strategy likely to retrieve as many eligible studies as possible?

• Were restrictions based on date, publication format, or language appropriate?

• Were eIorts made to minimise error in selection of studies?

Domain 3. Data collection and study appraisal

• Were eIorts made to minimise errors in data collection?

• Were suIicient study characteristics available for both review authors and readers to be able to interpret the results?

• Were all relevant study results collected for use in the synthesis?

• Was risk of bias (or methodological quality) formally assessed by appropriate criteria?

• Were eIorts made to minimise error in risk of bias assessment?

Domain 4. Synthesis and findings

• Did the synthesis include all studies that it should?

• Were all predefined analyses reported or departures explained?

• Was the synthesis appropriate given the nature and similarity of research questions, study designs, and outcomes across included
studies?

• Was between-study variation (heterogeneity) minimal or addressed in the synthesis?

• Were the findings robust (e.g. as demonstrated through funnel plot or sensitivity analyses)?

• Were biases in primary studies minimal or addressed in the synthesis?

We will rate each criterion as Y = Yes, PY = Probably yes, PN = Probably no, N = No, NI = No information.

We will then interpret each domain as having 'low', 'high', or 'unclear' concerns for bias.
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Phase 3. Judging the risk of bias

Concerns from each domain are summarised.

We will then determine whether the conclusions are supported by the evidence presented.

• Did interpretation of the findings address all concerns identified in domains one through four?

• Was the relevance of identified studies to the review's research question appropriately considered?

• Did the review authors avoid emphasising results on the basis of their statistical significance?

• Risk of bias in the review? LOW/HIGH/UNCLEAR

Appendix 4. Categorised list of outcomes

 

Outcome category Outcome Specific outcome measure used Reviews

ED treatment time (units not specified) Camargo 2003Emergency depart-
ment length of stay

ED treatment time (minutes) Griffiths 2016

Hospital length of
stay

Length of hospital stay (days) Normansell 2018

  Length of hospital stay (hours) Mitra 2005; Travers 2012b;
Vezina 2014; Griffiths 2016

Length of stay

PICU length of stay PICU length of stay (hours) Travers 2012a

Hospital admission Hospital admission
rate

Hospital admission rate Camargo 2003; Rodrigo
2006; Jat 2012; Watts 2012;
Griffiths 2013; Griffiths
2016; Knightly 2017

Intensive care unit
admission

Intensive care unit
admission

HDU/ICU admission rates Mitra 2005; Vezina 2014;
Knightly 2017

All adverse events Normansell 2018

Adverse health effects Vezina 2014

Any adverse event (during admission) Knightly 2017

All adverse effects

Any adverse events Knightly 2017

Serious adverse events Korang 2016; Knightly
2017; Normansell 2018

Serious adverse
events

Serious adverse events (during admission) Knightly 2017

Death Mitra 2005Death

Mortality Korang 2016

Adverse effects

Tremor Tremor Camargo 2003; Mitra 2005;
Travers 2012b; Griffiths
2013
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Nausea/vomiting Camargo 2003; Travers
2012b

Vomiting Mitra 2005; Travers 2012b;
Griffiths 2013

Nausea/vomiting

Nausea Travers 2012b; Griffiths
2013

Hypotension Knightly 2017

Flushing Knightly 2017

Arrhythmia Mitra 2005

Dysrhythmia Travers 2012b

Cardiovascular ad-
verse effects

Palpitations Travers 2012b

Headache Mitra 2005; Travers 2012bNeurological ad-
verse effects

Seizures Mitra 2005

Pneumonia Pneumonia Korang 2016

CPK elevation Travers 2012b

CPK-MB elevation Travers 2012b

Hyperglycaemia Travers 2012b

Abnormal laborato-
ry results

Hypokalaemia Travers 2012b

Symptom scores Camargo 2003

Change in clinical score at 120 minutes (± 30 minutes) Griffiths 2013

Change in pulmonary index score (final assessment) Watts 2012

Dyspnoea or pulmonary index Rodrigo 2006

Asthma clinical scores 8 to 36 hours after initial treat-
ment

Vezina 2014

Yung asthma severity score at 60 minutes Knightly 2017

Change in symptom scores 6 to 8 hours after enrolment Mitra 2005

Change in symptom scores 12 to 18 hours after enrol-
ment

Mitra 2005

Change in symptom scores 24 hours after enrolment Mitra 2005

Pulmonary index score Jat 2012

Symptom scores Symptom scores

Asthma symptom score in the acute phase Korang 2016

  (Continued)
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PEFR values (end of study) Camargo 2003

Peak expiratory flow (L/min) Normansell 2018

Percentages of predicted PEFR at 8 to 36 hours after ini-
tial treatment

Vezina 2014

Pulmonary function PEF L/min Knightly 2017

Change in PEF 6 to 8 hours after enrolment Mitra 2005

Change in PEF 12 to 18 hours after enrolment Mitra 2005

Peak expiratory
flow

Change in PEF 24 hours after enrolment Mitra 2005

Pulmonary function Pulmonary function Rodrigo 2006

Change in %predicted FEV1 within 4 hours of enrolment Mitra 2005

Change in %predicted FEV1 6 to 8 hours after enrolment Mitra 2005

Change in %predicted FEV1 12 to 18 hours after enrol-
ment

Mitra 2005

Change in %predicted FEV1 24 hours after enrolment Mitra 2005

Pulmonary function %predicted FEV1 Knightly 2017

Change in FEV1 (predicted) Watts 2012

Change in FEV1 (litres) Watts 2012

Change from baseline in %predicted FEV1, 60 minutes
after last dose of inhaled bronchodilator

Griffiths 2013

Forced expiratory
volume – one sec-
ond

Change from baseline in %predicted FEV1, 120 minutes
after last dose of inhaled bronchodilator

Griffiths 2013

%Change in FEV1 or PEFR at 60 minutes after last in-
haled bronchodilator (± 15 minutes)

Griffiths 2013FEV1 or PEFR

%Change in FEV1 or PEFR at 120 minutes after last in-
haled bronchodilator (± 30 minutes)

Griffiths 2013

%Change in respiratory resistance at 60 minutes after in-
haled bronchodilator (± 15 minutes)

Griffiths 2013

Lung function

Respiratory resis-
tance

%Change in respiratory resistance at 120 minutes after
inhaled bronchodilator (± 30 minutes)

Griffiths 2013

Oxygen saturations < 95% at 60 minutes (± 15 minutes) Griffiths 2013

Oxygen saturations < 95% at 120 minutes (± 30 minutes) Griffiths 2013

Vital signs Oxygen saturations

SaO2 Rodrigo 2006

  (Continued)
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Pulse rate Pulse rate (beats/min) at 2 hours Travers 2012a

Respiratory rate Change in respiratory rate (breaths/min) (final assess-
ment)

Watts 2012

Blood pressure Blood pressure Mitra 2005

Mechanical ventila-
tion

Mechanical ventila-
tion

Rates of patients mechanically ventilated in ICU Mitra 2005

Clinical failure Clinical failure Clinical failure Travers 2012a; Travers
2012b

Relapse Griffiths 2013

Relapse within 7 days Watts 2012

Relapse within 72 hours of discharge from hospital Vezina 2014

Relapse Relapse/return to
hospital

Return to ED within 48 hours Griffiths 2016

Withdrawals Watts 2012

Overall withdrawals Vezina 2014

Withdrawals due to deterioration Vezina 2014

Withdrawals due to adverse health effects Mitra 2005

Withdrawals Withdrawals

Withdrawals due to poor asthma control Mitra 2005

Respiratory thera-
pist time

Respiratory therapist time Camargo 2003

Time to SABA spaced at 4 hours or longer (hours) Vezina 2014

Treatment intensity

Frequency of nebu-
liser treatment

Number of nebulisers required in 24 hours Mitra 2005

Need for repeat bronchodilator treatment after standard
protocol prior to disposition

Griffiths 2013

Need for corticosteroids in ED prior to disposition Griffiths 2013

Requirement for additional care at end of study Watts 2012

Need for supplemental asthma therapy Vezina 2014

Need for additional
treatment

Need for further
treatment after
study medication

Worsened and required other adjuvant therapy Jat 2012

  (Continued)

 
Footnotes

CPK: creatine phosphokinase; CPK-MB: creatine phosphokinase myocardial band; ED: emergency department; FEV1: forced expiratory
volume – one second; HDU: high-dependency unit; ICU: intensive care unit; PEF: peak expiratory flow; PEFR: peak expiratory flow rate;
PICU: paediatric intensive care unit; SABA: short-acting beta2-agonist.
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Appendix 5. Conclusions and recommendations for future research from included reviews

 

Intervention Cochrane Review Implications for practice Implications for research

Additional inhaled bronchodilators

Continuous nebu-
lised vs intermittent
nebulised beta-ago-
nists

Camargo 2003 Continuous SABA appears
to be useful in severe acute
asthma to reduce hospital-
isation and improve lung
function

Continuous SABA appears to
be safe and well tolerated

Future trials should

- Assess optimal dose for continuous SABA

- Clearly define severity according to lung function
and response to initial SABA therapy

- Include standard evidence-based asthma therapy

- Concentrate on well-defined outcomes, including
criteria for admission/discharge, systematic reporting
of lung function

- Clearly describe their methods

Emergency depart-
ment setting

Griffiths 2013

Emergency department use
of inhaled anticholinergics
and SABA, when compared to
SABA alone, results in

- Lower risk of hospital ad-
mission

- Greater improvement in
lung function

- Less risk of nausea and
tremor

The combination of inhaled
anticholinergics and SABA
is likely to be more useful in
moderate to severe exacer-
bations of asthma

Future trials should

- Address severity of asthma at study entry, child's
age, intensity/flexibility of therapy, dose of anticholin-
ergics, and delivery device (nebuliser vs inhaler)

- Reliably define severity of asthma at study entry,
with consideration of the use of clinical scores

- Include administration of systemic corticosteroids

- Include sensitive and reliable endpoints, such as
number of bronchodilator inhalations, oxygenation,
hospital length of stay, duration of need for intensive
bronchodilator treatment, time to full recovery

- Assess effects in children with impending respiratory
failure

Combined inhaled
anticholinergics
and short-acting
beta-agonists

Inpatient setting

Vezina 2014

In children hospitalised for
an acute asthma exacerba-
tion, there is no evidence of
benefit when nebulised anti-
cholinergics were added to
SABA

Future trials should

- Be of high methodological quality

- Compare different intensities of anticholinergic
treatment

- Allow subgroup analyses based on age group
(preschool vs school-aged) and severity of asthma on
admission

- Report changes from baseline in severity

- Systematically document adverse health effects and
reasons for withdrawals

- Assess the efficacy of anticholinergics in children
with impending respiratory failure
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Inhaled magnesium
sulfate

Knightly 2017 Nebulised MgSO4 may result
in modest additional benefits
when added to inhaled SA-
BA and anticholinergics, but
there remains substantial un-
certainty

Nebulised MgSO4 does not
appear to result in an in-
crease in serious adverse
events

It is unclear whether nebu-
lised MgSO4 is more effective
in particular subgroups

An agreement on the core outcomes for studies in
acute asthma is needed, including physiological, cost,
and those relevant to patients

Future trials should

- Compare IV and inhaled MgSO4

- Compare inhaled MgSO4 to placebo in patients not
responding to standard maximal treatment

- Include economic evaluations of treatment options

Parenteral bronchodilators

Addition of intra-
venous beta2-ago-

nists to inhaled be-
ta2-agonists

Travers 2012a Current evidence is insuffi-
cient to provide recommen-
dations regarding the addi-
tion of IV SABA to inhaled SA-
BA

Future trials should

- Be adequately powered and of high quality

- Assess outcomes when IV SABA is given in addition
to maximal standard therapy (inhaled SABA + inhaled
anticholinergics + systemic glucocorticoids)

- Consider evaluating subcutaneous routes for SABA
administration

- Completely report clinically relevant outcomes

- Completely report pulmonary function tests

- Include outcomes important to patients

- Standardise reporting of asthma severity scores, ad-
verse reactions, and side effects

Intravenous amino-
phylline

Mitra 2005 In children with severe acute
asthma unresponsive to
maximised bronchodilation,
supplemental oxygen, and
systemic steroids, amino-
phylline improves lung func-
tion and symptoms within 6
to 8 hours of treatment

Evidence is insufficient to
confirm whether these bene-
fits translate to more impor-
tant outcomes

Larger paediatric studies are needed

Future studies should

- Compare aminophylline with placebo as add-on
therapy to maximised inhaled SABA/anticholinergics
and early IV glucocorticoids

- Be sufficiently powered to examine the rate of intu-
bation and mechanical ventilation in children

- Measure and report changes in lung function, symp-
toms, saturation, oxygen requirement, ICU admis-
sion rates, intubation rates, and side effects at various
points in time (e.g. 4, 6, 12, and 24 hours)

Intravenous mag-
nesium sulfate

Griffiths 2016 IV MgSO4 may reduce the
need for hospital admission
in children presenting to the
ED with moderate to severe
exacerbations of asthma

Evidence is limited due to the
number and size of studies

Widespread use of internationally agreed core out-
come sets would facilitate future meta-analyses

Future studies should

- Classify treatment by severity to power studies ade-
quately to detect subgroup differences

- Use pragmatic markers of severity

  (Continued)
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- Use practical outcome measures not dependent on
spirometry.

Intravenous be-
ta2-agonists vs in-

travenous amino-
phylline

Travers 2012b There was no consistent evi-
dence favouring either IV SA-
BA or IV aminophylline for
patients with acute asthma

Future studies should

- Assess outcomes when IV SABA or IV aminophylline
is given in addition to standard evidence-based ther-
apy for acute severe asthma (inhaled SABA + inhaled
anticholinergic + systemic glucocorticoids)

- Assess baseline asthma management

- Be adequately powered

- Completely and systematically report pulmonary
function test data

- Include measures important to patients

- Standardise reporting of asthma symptoms, asthma
severity scores, and adverse reactions/side effects

- Utilise well-defined outcomes

Ketamine Jat 2012 A single study on non-intu-
bated children did not show
significant benefit for keta-
mine in acute asthma

There were no studies in ven-
tilated children

Future studies should

- Be sufficiently powered and of high methodological
quality

- Use objective outcome measures of clinical impor-
tance

- Explore different doses of ketamine

- Assess the role of ketamine in children requiring me-
chanical ventilation due to severe asthma

Interventions to reduce the work of breathing

Heliox Rodrigo 2006 Current evidence does not
suggest a clear benefit for the
administration of heliox to all
ED patients with acute asth-
ma

Heliox may be useful in those
with highest severity of acute
asthma; however, other ev-
idence-based treatments
should take precedence

Future trials should

- Clearly define severity – ideally based on pulmonary
function results and response to initial SABA therapy

- Assess the effects of heliox in very young children

- Assess the effects of heliox based on prior inhaled
steroid use

- Utilise well-defined outcomes, including criteria for
discharge and reporting of lung function test data

- Clearly describe their methods

Non-invasive posi-
tive-pressure venti-
lation

Korang 2016 Evidence regarding effects of
NPPV in children with acute
asthma is insufficient

NPPV can be considered as
an add-on therapy to stan-
dard care, but its use is con-
troversial and additional re-
search is required

High-quality RCTs are needed

Future trials should

- Be adequately powered

- Have low risk of bias

- Consider the use of blinding (i.e. sham NPPV)

  (Continued)
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- Assess all-cause mortality, serious adverse events,
asthma symptom scores, and quality of life

Other interventions

Antibiotics Normansell 2018 Limited evidence suggests
that antibiotics given at the
time of an asthma exacerba-
tion may improve symptoms
and PEFR at follow-up com-
pared with standard care or
placebo

Findings are inconsistent
and confidence in effect esti-
mates is low

Antibiotics should not rou-
tinely be used for acute exac-
erbations of asthma

Carefully weigh up the benefits of future research in
cohorts for whom antibiotics are not currently recom-
mended against the harms of antibiotic overuse

Core outcome sets, including patient important out-
comes, should be used

Future trials should

- Provide details of asthma severity and presenting
symptoms

- Stratify by inflammatory marker measurement (e.g.
CRP)

- Pay careful attention to adverse event data

Leukotriene recep-
tor antagonists

Watts 2012 Evidence does not support
routine use of LTRAs in acute
asthma

Additional high-quality studies are needed

Future trials should

- Address safety of higher than standard doses of
LTRAs and IV use of LTRAs

- Assess the benefit of additional LTRAs in those al-
ready taking long-term LTRAs

- Assess health economic and clinical outcomes

- Assess the effect of commencing LTRAs early on ex-
acerbation of asthma

- Assess response to LTRAs in children with different
phenotypes of acute wheeze

  (Continued)

 
Footnotes

CRP: C-reactive protein; ED: emergency department; IV: intravenous; LTRAs: leukotriene receptor antagonists; MgSO4: magnesium sulfate;
NPPV: non-invasive positive-pressure ventilation; PEFR: peak expiratory flow rate; RCT: randomised controlled trial; SABA: short-active
beta2-agonists.
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Appendix 6. ROBIS assessment of included reviews

QUALITY ASSESSMENT Car-
margo
2003

Grif-
fiths
2013

Nor-
mansell
2018

Tra-
vers
2012a

Watts
2012

Ro-
drigo
2006

Vezina
2014

Knight-
ly
2017

Mitra
2005

Tra-
vers
2012b

Grif-
fiths
2016

Jat
2012

Ko-
rang
2016

Domain 1. Study eligibility criteria

• Did the review adhere to prede-
fined objectives and eligibility cri-
teria?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were the eligibility criteria appro-
priate for the review question?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were eligibility criteria unambigu-
ous?

Yes Yes Yes Yes Yes Yes Yes Yes Yes PY Yes PY Yes

• Were all restrictions in eligibility
criteria based on study characteris-
tics appropriate?

Yes Yes Yes Yes Yes Yes Yes PY Yes Yes Yes Yes Yes

• Were any restrictions in eligibility
criteria based on sources of infor-
mation appropriate?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

DOMAIN 1 - OVERALL Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Domain 2. Identification and selection of studies

• Did the search include an appro-
priate range of databases/electron-
ic sources for published and un-
published reports?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were methods additional to data-
base searching used to identify rel-
evant reports?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were the terms and structure of
the search strategy make it likely to

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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retrieve as many eligible studies as
possible?

• Were restrictions based on date,
publication format, or language
appropriate?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were efforts made to minimise er-
ror in selection of studies?

Yes Noa Yes Yes Yes Yes Nob Noc Nod Yes Yes Yes Yes

DOMAIN 2 - OVERALL Low
con-
cern

High
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

High
con-
cern

High
con-
cern

High
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Domain 3. Data collection and study appraisal

• Were efforts made to minimise er-
rors in data collection?

PY PY Yes PY Yes PY PY Yes NIe Yes Yes Yes Yes

• Were sufficient study character-
istics available for both review au-
thors and readers to be able to in-
terpret the results?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were all relevant study results
collected for use in the synthesis?

Yes PY PY Yes PY PY PY Yes PY PY Yes Yes PY

• Was risk of bias (or methodolog-
ical quality) formally assessed by
appropriate criteria?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were efforts made to minimise er-
ror in risk of bias assessment?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

DOMAIN 3 - OVERALL Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Un-
clear
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Domain 4. Synthesis and findings

• Did the synthesis include all stud-
ies that it should?

Yes PY Yes Yes Yes Yes Yes PY Yes PY PY Yes Yes
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• Were all predefined analyses re-
ported or departures explained?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Was the synthesis appropriate
given the nature and similarity of
research questions, study designs,
and outcomes across included
studies?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Was between-study variation
(heterogeneity) minimal or ad-
dressed in the synthesis?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Were the findings robust (e.g. as
demonstrated through funnel plot
or sensitivity analyses)?

Yes Yes Yes No No No No Yes No No No No No

• Were biases in primary studies
minimal or addressed in the syn-
thesis?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

DOMAIN 4 - OVERALL Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Low
con-
cern

Final assessment of bias

• Did interpretation of the findings
address all concerns identified in
domains one through four?

Yes No Yes Yes Yes Yes No No No Yes Yes Yes Yes

• Was the relevance of identified
studies to the review's research
question appropriately consid-
ered?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

• Did the review authors avoid em-
phasising results on the basis of
their statistical significance?

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes

RISK OF BIAS IN THE REVIEW LOW
RISK

HIGH
RISK

LOW
RISK

LOW
RISK

LOW
RISK

LOW
RISK

HIGH
RISK

HIGH
RISK

HIGH
RISK

LOW
RISK

LOW
RISK

LOW
RISK

LOW
RISK
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Abbreviations: NI: no information; PY: probably yes.

Footnotes

a"One review author examined each new citation and classified it as clearly included, possibly included, or clearly not an RCT".

bOne review author independently reviewed each abstract and annotated each as (1) an RCT; (2) clearly not an RCT; or (3) unclear.

cAnother author independently decided on trial inclusion using predetermined eligibility criteria.

dEach abstract was reviewed by one reviewer and was annotated as (1) an RCT, (2) a possible RCT, (3) clearly not an RCT.

eNo information was provided on who extracted data or whether a form was used.
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I N D E X   T E R M S

Medical Subject Headings (MeSH)

Acute Disease;  Administration, Inhalation;  Adrenergic beta-2 Receptor Agonists  [therapeutic use];  Aminophylline  [administration &
dosage]  [adverse eIects];  Anti-Asthmatic Agents  [administration & dosage]  [*therapeutic use];  Anti-Bacterial Agents  [therapeutic
use];  Asthma  [drug therapy]  [*therapy];  Bias;  Bronchodilator Agents  [administration & dosage]  [*therapeutic use];  Cholinergic
Antagonists  [therapeutic use];  *Disease Progression;  Helium;  Length of Stay;  Leukotriene Antagonists  [therapeutic use];  Magnesium
Sulfate  [administration & dosage]  [adverse eIects]  [therapeutic use];  Nausea  [chemically induced]  [prevention & control];  Oxygen
 [administration & dosage];  Positive-Pressure Respiration;  Randomized Controlled Trials as Topic;  *Systematic Reviews as Topic; 
Vomiting  [chemically induced];  Work of Breathing  [drug eIects]

MeSH check words

Child; Child, Preschool; Humans; Infant

Interventions for escalation of therapy for acute exacerbations of asthma in children: an overview of Cochrane Reviews (Review)

Copyright © 2020 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

85


