
Royal Children’s Hospital

Asthma Best Practice

Guidelines

October 1999

Asthma Strategy Group

www.rch.unimelb.edu.au/intranet/genmed/asthmabestpractice.htm

These guidelines have been produced specifically for
use within the Royal Children’s Hospital, Melbourne.



3

Table of Contents

Table of Contents ..........................................................................3

Abbreviations...........................................................................................................................6

1. Introduction..........................................................................................................................7

2. The Diagnosis of Asthma...........................................................................................8

Asthma and Cough........................................................................8

Establish the pattern of asthma......................................................9

3. Acute Paediatric Asthma Management.........................................................10

Assessment of the severity of an attack .......................................10

Primary features.........................................................................10

Secondary features ...................................................................10

Other features ...........................................................................11

Medications in Acute Asthma .......................................................15

Oxygen......................................................................................15

β2-agonists.................................................................................15

Ipratropium bromide...................................................................16

Corticosteroids...........................................................................17

Aminophylline ............................................................................17

Drug Delivery in Acute Asthma .....................................................18

Admission to Royal Children’s Hospital .........................................18

Transfer from the Emergency Department to the ward..................18

Asthma Clinical Pathways.............................................................19

Ward management.......................................................................19

Discharge from Hospital (Emergency Department or ward) ............20

Timing of discharge....................................................................20

Discharge Planning....................................................................20

Patient and Family Education ....................................................20

Discharge Medications...............................................................21

Follow-up after discharge...........................................................21



4

The Acute Management of Asthma at Home................................21

4. Interval management of asthma ........................................................................23

Pharmacological Therapy.............................................................23

Infrequent Episodic Asthma.......................................................24

Frequent Episodic Asthma.........................................................24

Persistent Asthma......................................................................25

Exercise Induced Asthma.............................................................28

Drug Delivery................................................................................29

Complementary (Alternative) Therapies for Asthma.......................31

Influenza Immunisation ................................................................31

Environmental Exposures.............................................................32

Tobacco Smoke Exposure.........................................................32

Allergen exposure......................................................................32

Asthma Education........................................................................34

Adherence...................................................................................35

Psychological Factors...................................................................35

Referral to a Respiratory Specialist ...............................................36

The Role of the General Practitioner ............................................36

5. Outpatient Review of Asthma...............................................................................37

Elements of the outpatient review ................................................38

Review the diagnosis and pattern of asthma..............................38

Spirometry.................................................................................38

Peak Expiratory Flow Measurements.........................................38

Bronchial challenge tests ..........................................................38

Chest Radiography ...................................................................39

Assess the level of control .........................................................39

Symptoms.................................................................................39

Monitoring.................................................................................40

Review medication.....................................................................41



5

Education and Action Plan ........................................................42

GP Communication....................................................................42

Appendices ............................................................................................................................43

APPENDIX A Membership of the Royal Children’s Hospital Asthma
Strategy Group and other major contributors................................44

APPENDIX B - Asthma Action Plan..............................................45

APPENDIX C ...............................................................................47

APPENDIX D – Recommended allergen reduction interventions...48

APPENDIX E – Normal and abnormal spirometry..........................49

Reference List..............................................................................50



6

Abbreviations

BDP beclomethasone diproprionate

BUD budesonide

ED emergency department

EIA exercise induced asthma

ETS environmental tobacco smoke

FP fluticasone propionate

FEV1 forced expiratory volume in one second

FVC forced vital capacity

GP general practitioner

HDM House dust mite

ICU Intensive care unit

MMEF25-75 mid expiratory flow between 25-75% of forced expiratory volume

pMDI pressurised metered dose inhaler

NAC National Asthma Campaign

PEF peak expiratory flow

RCH Royal Children’s Hospital

RCT Randomised controlled trial
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1. Int roduction

The Royal Children’s Hospital (RCH, Melbourne) Asthma Best Practice Guidelines are not
designed to replace existing asthma management guidelines produced by both
international and national bodies (1-4) rather they represent an adaptation specific to the
local (RCH) context. The primary aim of these guidelines is to provide a consistent evidence
based approach to asthma management across all departments of the hospital.

This current version of the guidelines has been developed by the RCH Asthma Strategy
Group (ASG- see Appendix A) in consultation with many other members of the hospital
community. The ASG is comprised of representatives from all different areas of this hospital
involved in the management of asthma (Nursing, Emergency, General Paediatrics,
Respiratory Medicine, Adolescent Medicine, Immunology and Allergy, Psychology and
Community Child Health).

 These guidelines are a product of the Improving Child and Adolescent Asthma Management
(ICAAM) project, which is an initiative of the ASG. The primary purpose of this project is to
generate, implement and evaluate a unified approach to asthma management across the large
group of people who care for children and adolescents with asthma at RCH. The project is
funded by the Department of Human Services and National Health and Medical Research
Council.

The RCH Asthma Best Practice Guidelines are not prescriptive but are recommendations for
best-practice based on evidence available at the time of development. Evidence has been
identified by thorough searches of Cochrane and Evidenced Based Medicine databases
and specific searches made of the OVID group of databases (eg. MEDLINE).
Recommendations are made in light of all identified evidence. However, where the evidence
is conflicting or absent, a balanced view is presented and recommendations are based on
the consensus opinion of the Asthma Strategy Group. The schema for the levels of
evidence used throughout this document is presented in Table 1.1
 
These guidelines will be updated regularly.

Table 1.1 Levels of evidence (5)
I Evidence obtained from a systematic review of all randomised controlled trials

II Evidence obtained from at least one properly-designed randomised controlled
trial

III-1 Evidence obtained from well-deigned pseudo-randomised controlled trials
(alternative allocation or some other method)

III-2 Evidence obtained from comparative studies with concurrent controls and
allocation not randomised (cohort studies), case-control studies, or interrupted
time series with a control group

III-3 Evidence obtained from comparative studies with historical control, two or more
single arm studies, or interrupted time series without parallel control group

IV Evidence obtained from case series, either post-test or pre-test/post-test

V Opinions of respected authorities, based on clinical evidence, descriptive
studies or reports of expert committees.
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2. The Diagnosis of Asthma

It is fundamental when following the RCH Asthma Best Practice Guidelines that the
diagnosis of asthma is correct. The diagnosis of asthma is not always straightforward and a
therapeutic trial of asthma treatment may be required. In this circumstance it is important
that the treating doctor, the referring doctor and the patient/parents realise that the
treatment is a trial and that a label of asthma is not inappropriately applied. The response of
symptoms to medication may support a diagnosis of asthma. However, an apparent
response to therapy may also be the natural history of the underlying disease. If a
significant treatment escalation is considered the diagnosis should be reconsidered. In most
cases the diagnosis of asthma in children is a clinical diagnosis made by assessing the
following features.

Airway function
• bronchoconstriction
• reversibility
• variability

Clinical features
• wheeze
• shortness of breath
• chest tightness
• cough

Common triggers
• exercise
• exposure to cold air
• upper respiratory tract infections
• allergen exposure

Clinical settings where asthma is more common
• individuals with allergic disease (perennial rhinitis, hay fever, eczema)
• first degree relatives with asthma
• first degree relatives with atopic disease

Physical signs in the acute setting are generally easily recognised and include tachypnea,
hyperinflation, recession and accessory muscle use along with wheeze. In the outpatient
setting it can be helpful to review the physical signs recorded during an acute admission,
either from the patient record or from the referring doctor.

The following signs are absent in asthma and suggest an alternative diagnosis; digital
clubbing (suppurative lung disease), tracheal shift (mediastinal mass), or localised wheeze
(inhaled foreign body). The presence of an early morning productive cough is suggestive of
underlying suppurate lung disease.

Other considerations

• It is important to remember that while wheezing is a cardinal feature of asthma there are
a number of other causes for wheeze (6). In particular, wheeze in children under 3 years
is common and may be due to small airway calibre rather than asthma (7).

• Cough is rarely the sole symptom of asthma (8;9).
• The natural history for most children with episodic asthma (infrequent or frequent) is

improvement over time (10-12).

Asthma and Cough

Cough is one of the cardinal symptoms of asthma and may be dry and irritating and worse
at night. However, cough on its own, without wheeze, chest tightness and shortness of
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breath is rarely due to asthma (13). The concept of cough variant asthma was first
described in 1975 (14) and has gained popularity in the 1990’s. To some, cough is
synonymous with asthma but the pathways that trigger cough appear to be separate from
the pathways that trigger bronchoconstriction (15). For this reason, treating cough alone
with anti-asthma therapy is unlikely to be effective. A RCT of bronchodilators and inhaled
corticosteroids in children with chronic non-specific cough showed no improvement when
using both patient recorded symptoms and an objective cough monitor (16). Similarly, for
those patients with asthma in whom cough is a major symptom, treatment of the cough is
less effective and can inappropriately drive the use of asthma medications to maximum
levels. Children with a persistent cough (with or with out asthma) appear to have an
increased cough receptor sensitivity (CRS) which may be unmasked by various triggers such
as respiratory tract infections (17). Unfortunately there is very little specific therapy for most
chronic non-specific cough (18). In the setting of genuine asthma it is not unreasonable to
attempt to improve control with the use of inhaled corticosteroids and long acting β2-
agonists, however, failure to improve the cough component should result in reducing the
doses again.

Recommendation:
� Where cough, in the absence of wheeze, is considered to be caused by asthma,

consider a trial of bronchodilators and preventive medication (cromones or low dose
inhaled corticosteroids), but withdraw if there is no response over 4-6 weeks (level V).

Establish the pattern of asthma

To approach the management of asthma in children requires an understanding of the
patterns of childhood asthma (19). This is different from the adult model that is based purely
on severity (20).

Table 1.1 Classification of the pattern of paediatric asthma

Classification of Pattern Common Features
Infrequent Episodic Episodes 6-8 weeks apart or more

Attacks usually not severe

Symptoms rare between attacks

Normal examination and lung function between episodes

 Frequent Episodic Attacks <6 weeks apart

Attacks more troublesome

 Increasing symptoms between attacks

Normal examination and lung function between episodes

Persistent Daytime symptoms >2 days/week

Nocturnal symptoms >1 night/week

Attacks <6 weeks apart

May have abnormal lung function

Multiple ED visits or hospital admissions
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3. Acute Paediat ric Asthma Management

Assessment of the severity of an attack

Traditionally classifications of the severity of asthma have constituted three groups, mild,
moderate and severe. For the current guidelines a classification into four groups has been
defined. This classification is more accurately tailored to the patients seen at RCH and
allows a more specific description of the treatment regimen. The criteria used here for
assessment of the severity of an acute asthma exacerbation have been separated into two
categories: Primary features, which are reliable indicators of severity, and secondary
features, which provide useful supplementary information but are variable and less reliable.

Primary features

Table 3.1 Primary features: assessment of the severity of an asthma attack

Sign Mild Moderate Severe Critical
Mental state normal normal agitated confused/drowsy

Accessory muscle
use*

nil minor moderate/marked maximal/exhaustio
n

*For practical purposes recession is included with accessory muscle use in this classification as the
two signs are often difficult to distinguish.

Recommendation:
� Mental status and accessory muscle use should be considered primary features in the

assessment of acute asthma severity (level V).

Secondary features

The following signs provide helpful additional information, although each is limited for the
reasons described.

Arterial oxygen saturation

The arterial oxygen saturation (SaO2) can be helpful in the assessment of the severity of
acute asthma in children. However, it should be noted that the SaO2 may be reduced in the
absence of significant airway obstruction by factors such as atelectasis and mucous
plugging of airways. It must also be remembered that the SaO2 is purely a measure of
oxygenation, which may be preserved in the presence of deteriorating ventilation (with CO2

retention). The SaO2 is useful in guiding the need for oxygen therapy (recommended if
SaO2 < 92%).

Heart rate

Respiratory compromise from any cause (eg. asthma, pneumonia) is associated with an
elevated heart rate. However there are a number of other influences on heart rate in the
setting of acute asthma. These include factors such as systemic activity of bronchodilators
as well as anxiety. The systemic effects of salbutamol are reduced significantly with
administration by pMDI/spacer compared to nebulised therapy (21). Anxiety may be the
primary problem in a child or adolescent presenting with increased respiratory effort and
tachycardia (panic attack with hyperventilation).
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Ability to talk

The ability of children to talk is usually reduced by severe acute asthma. This is a relatively
crude indicator of severity but may supplement other data in the assessment.

Recommendation:
� Initial SaO2 in air, heart rate, and ability to talk should be used as additional features in

the assessment of acute asthma severity  (level V).

Other features

The following features are not considered to be reliable in the assessment of severity of
acute asthma. While many have been suggested in the past (eg. NAC Guidelines (1)),
these factors are considered less reliable than the above secondary features. The reasons
for their omission are discussed below.

Wheeze intensity

The presence of wheeze is helpful in the diagnosis of asthma but is not a good indicator of
the severity of airway obstruction.  The loudness of the wheeze (or the breath sounds) is
highly subjective, and is dependent on a number of factors including the thickness of chest
wall.

Central cyanosis

Central cyanosis is said to be clinically detectable in the presence of 5g deoxygenated
Hb/100ml blood. However this is variable, with poor inter-observer agreement. In the
presence of anaemia a lower partial pressure of oxygen is required before cyanosis is seen.
Cyanosis is a late sign indicating life-threatening asthma.

Pulsus paradoxus

Pulsus paradoxus (the difference in systolic pressure between inspiration and expiration)
correlates to some extent with measures of airway obstruction. This sign can be difficult to
elicit in small children who are acutely unwell with asthma. The absence of pulsus
paradoxus does not indicate that the asthma is mild.

Peak Expiratory Flow

The usefulness of PEF measurements in the assessment of acute asthma is limited. Peak
expiratory flow readings are effort-dependent. The technique needs to be learnt to ensure
reproducible measurements of maximal expiratory effort are obtained. Children who are not
used to recording PEF cannot be expected to produce reliable results. Children under 8
years of age rarely perform PEF accurately. Patients with a severe episode of asthma may
be incapable of performing a reliable PEF (22;23).

Chest X-ray

Chest x-ray is not routinely required in the acute assessment of asthma (1), but may be
required if there is evidence of a complication (eg pneumothorax, mucous plugging),
suggested by asymmetry of clinical signs.

Arterial Blood Gas

Arterial blood gas measurements are not required in the assessment of acute paediatric
asthma. When considering intubation and mechanical ventilation arterial blood gas
measurements may be helpful.
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Spirometry

In most cases spirometry is unhelpful in the assessment of the severity of an asthma attack,
unless there is a difference between the patient reported symptoms and clinical
assessment.

Recommendations:
� Wheeze intensity, central cyanosis, pulsus paradoxus, and peak expiratory flow rate are

not reliable for the assessment of the severity of acute asthma (level V).

� Chest x-ray, arterial blood gas measurements and spirometry should not be routinely
used in the assessment of the severity of acute asthma (level V).



Table 3.2 Treatment of an acute attack
Mild Moderate Severe Critical

oxygen No No If SaO2 < 92% Yes

inhaled β2-
agonist
(salbutamol)

6 or 12 puffs
pMDI/spacer1 once
- review after 20 minutes

6 or 12 puffs pMDI/spacer1

- 3 times in 1st hr (20 minutely)
- review 10 minutes after 3rd dose

6 or 12 puffs pMDI/spacer1

- 3 times in 1st hr (20 minutely)
- review 10 minutes after 3rd dose

Nebulised salbutamol
continuously2

ipratropium No No 2 or 4 puffs pMDI/spacer 3

- 3 times in 1st hr only (20 minutely)
Nebulised (250mcg)
- 3 times in 1st hr only
(20 minutely; add to salbutamol)

corticosteroid
s

Usually no Oral prednisolone 1mg/kg/dose
- once daily for up to 3 days

Oral prednisolone 1mg/kg/dose
- once daily for 3 days
- if vomiting give i.v.

IV methylprednisolone
1mg/kg/dose
- 6 hourly on day 1

i.v. salbutamol No No No If poor response to nebulised
therapy4

aminophylline No No No If poor response to i.v.
salbutamol5 (only in ICU)

observation/
admission

Observe in ED for 1 hr,
then review to decide on
discharge

Observe in ED for 1 hr, then review
to decide on admission or discharge

Commence admission
arrangements after initial
assessment.
- review after 1st hr re frequency of
further β2-agonist therapy6

Call ICU to assess patient

                                                
1 salbutamol (100 mcg/puff) delivered by pMDI and spacer - 6 puffs if < 6 yo, 12 puffs if ≥ 6 yo
2 salbutamol 0.5% solution delivered by nebuliser
3 ipratropium (40mcg/puff) delivered by pMDI and spacer - 2 puffs if < 6 yo, 4 puffs if ≥ 6 yo
4 salbutamol  is 5 mcg/kg/min for 1 hour followed by 1-2 mcg/kg/min 
5 aminophylline loading dose 10 mg/kg over 1 hr (if already on oral theophylline or i.v. aminophylline measure serum level to decide on
requirement for and amount of loading dose); then infusion 1.1 mg/kg/hr if ≤ 9 yrs, 0.7 mg/kg/hr if  > 9 yrs
6 If improving, reduce frequency β2-agonist. If no change, continue 20 minutely β2-agonist. If deteriorating, treat as critical.
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Medications in Acute Asthma

A summary of the recommended initial treatment for an acute asthma exacerbation
according to the classification of severity (see Table 3.1) is presented in Table 3.2 . This
table should be used as a quick guide for the initial treatment of acute asthma. Details of
the medications listed and the evidence for their use are presented in the following pages.

Oxygen

In the initial phase of an acute asthma attack there is a ventilation-perfusion mismatch
caused by bronchial narrowing with associated pulmonary vasoconstriction to
underventilated lung segments (24;25). Oxygen therapy corrects the hypoxia caused by
ventilation-perfusion mismatch. Increasing severity of the acute asthma attack results in
inadequate alveolar ventilation (caused by severe airway obstruction due to
bronchoconstriction, airway oedema and mucous plugging) which results in poor gas
exchange (low paO2 and elevated pCO2) (26;27) .

Transcutaneous aterial oxygen saturation (SaO2) monitoring can detect oxygen
desaturation and is a useful adjunct to the clinical assessment of a patient with acute
asthma. SaO2 measurements do not assess work of breathing and alveolar ventilation so
care should be taken in interpreting values measured with oxygen supplementation (23).
The level (either haemoglobin saturation or arterial partial pressure) at which oxygen therapy
should be instituted is not clearly established. There is no figure at which oxygen therapy
has been proven to be beneficial. Below 90% partial pressure drops rapidly so beginning
oxygen therapy at SaO2 of 92% is common.

Recommendation:
� All patients with an acute exacerbation of asthma who have an Sa02 <92% in room air

should receive supplemental oxygen (level V).

β2222-agonists

Mild/Moderate Asthma

Jet nebulised delivery of β2-agonist (salbutamol) both low dose (0.05mg/kg) and standard
dose (0.15 mg/kg), given frequently have been shown to be safe and effective in treating
acute asthma in children (28;29). Hourly high dose salbutamol (0.3mg/kg to a maximum of
10 mg) may also be safely used for patients who relapse between doses (30).  Recent
evidence has demonstrated that β2-agonists are as effective and may have fewer side
effects when delivered by pMDI and spacer (31-33). The combination of pMDI/spacers is
more cost-effective and easier to use and also provides patients and their parents with the
skills to manage an acute attack of asthma at home (32-34).

Severe/critical asthma

There are no data on pMDI/spacer use in children with an attack severe enough to require
intensive care.  Continuous nebulised salbutamol (undiluted 0.5% at a dose of
0.15mg/kg/hour) is safe and effective and has been shown to avert the need for ventilation
in children with impending or actual respiratory failure (35-37). Hypokalaemia and metabolic
acidosis may be side effects of continuous therapy.

Intravenous salbutamol and terbutaline have been shown to be effective in life threatening
asthma (38;39). A RCT showed that children with severe acute asthma (NAC classification
(1)) given a single dose of i.v. salbutamol 0.015 mg/kg improved faster than those given
intravenous saline (40).  There are no RCTs examining the appropriate dose for the bolus or
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infusion rate and no comparisons between i.v. and continuous nebulised treatment. Up to
0.015mg/kg/min as a continuous intravenous infusion has been used without documented
severe side effects (41). There are no direct comparisons between i.v. β2-agonists and i.v.
aminophylline. Those children who do not respond to maximum inhaled therapy should be
given intravenous salbutamol. Monitor K+ in children on continuous nebulised salbutamol.

Recommendations:

� Patients with mild acute exacerbations of asthma should initially receive one dose of
short acting β2-agonists via pMDI/spacer (level II).

� Patients with moderate or severe acute exacerbations of asthma should receive short
acting β2-agonists via pMDI/spacer every 20 minutes in the first hour (level II).

� Recommended regimen (level II)
a) 6 puffs via small volume spacer with mask for child < 6 years

� b) 12 puffs via large volume spacer for child ≥ 6 years
� Patients with critical asthma should be given continuous nebulised salbutamol

(undiluted 0.5% solution) (level II).
� Patients who deteriorate on continuous nebulised therapy should be given intravenous

salbutamol (loading dose 5 mcg/kg over ten minutes; then infusion 1-5mcg/kg/min)
(level II).

Ipratropium bromide

Conflicting data exist as to the role of ipratropium bromide in the treatment of acute asthma
in children. The studies use different definitions for severity creating grey areas when
deciding to use it in moderate to severe asthma. The optimal dose and dosage regimen is
not clear. The onset of action is slower than that for β2-agonists.

Mild to moderate asthma

No additional benefit has been shown for the addition of jet nebulised delivery of
ipratropium bromide at a dose of 0.25 mg every 30 minutes along with 0.075 mg/kg of
salbutamol, when compared to hourly high dose (0.15 mg/kg) nebulised salbutamol, in the
treatment of mild to moderate asthma (42).  A recent systematic review also supports the
conclusion that there are no benefits to the use of ipratropium in mild to moderate asthma
(43).

Severe asthma

In severe asthma, the addition of three doses of either 0.25 or 0.5 mg/dose of ipratropium
bromide to 3 doses of salbutamol (0.15mg/kg) confers benefits when given in the first hour.
It may reduce the amount of extra treatment required and prevent hospital admissions (44-
46). These data are supported by a recent systematic review (43), although all of the
studies were nebuliser-base rather than pMDI/spacer. There is no evidence to support the
use of anticholinergic agents beyond the initial hour of treatment.

Recommendations:
� Patients with mild to moderate asthma given appropriate doses of inhaled β2-agonists

should not also be given ipratropium bromide during their acute attack (level I).
� Patients with severe exacerbations of asthma should be given inhaled ipratropium at 20

minute intervals in the first hour (level I).
� Patients with critical asthma may be given nebulised ipratropium using multiple doses in

the first hour (250-500 mcg/dose) in addition to inhaled β2-agonists (level II).
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Corticosteroids

Systemic corticosteroids have been shown in RCTs to improve pulmonary function and
clinical parameters in children with acute asthma who are unresponsive to initial β2-agonist
therapy, and also reduce the need for admission and reduce the length of stay in those
patients admitted (47).

There do not appear to be differences in efficacy between oral and i.v. corticosteroids (48).
There is some emerging evidence that high dose inhaled corticosteroids may lead to more
rapid clinical improvement than oral corticosteroids (49).

There are some data to suggest that the dose of 1mg/kg/day provides similar benefits to
2mg/kg/day (50).

There is no published evidence to guide duration of treatment. The NAC guidelines
recommend a course over several days if the exacerbation is of sudden onset (the
corticosteroids can be stopped abruptly), and a longer, weaning course over 10-14 days if
the attack is on the background of unstable asthma (1).

Recommendations:
� Corticosteroids should be used in conjunction with bronchodilators in patients with acute

asthma of moderate, severe or critical severity. The oral route is preferred (prednisolone
1mg/kg/day, maximum 50mg), although the i.v. route (methylprednisolone 1mg/kg/dose
6 hourly) should be used if the patient is severely unwell or the oral preparation is not
tolerated (level II).

� The duration of steroid treatment should be up to 3-5 days if the onset is sudden, but a
weaning course over 10-14 days should be given if the attack occurs on a background
of unstable asthma (level V).

Aminophylline

The use of i.v. aminophylline in acute asthma was not supported by a recent meta-analysis
(51). However, a number of good RCTs (52-54), including one performed at RCH (55), have
demonstrated improvements in SaO2 and spirometry, and decreased need for intubation
and mechanical ventilation, in children with severe acute asthma unresponsive to the
combination regimen of inhaled and/or i.v. salbutamol, inhaled ipratropium and intravenous
corticosteroids, though at the cost of significant adverse effects. Other studies have failed
to show benefits from aminophylline in improvement in clinical scores, improvement in
pulmonary function tests, amount of bronchodilator required or length of stay in children with
lesser severity of acute asthma (56;57). Aminiphylline is recommended for use in severe, life
threatening asthma in the NAC guidelines (1). The therapeutic index is narrow and side
effects can be seen even at therapeutic levels. Side effects include nausea, vomiting,
tachycardia, cardiac arrhythmias and convulsions.

Recommendations:
� For patients with critical asthma, consideration should be given to the addition of i.v.

aminophylline to the regimen of i.v. salbutamol, inhaled ipratropium and i.v.
corticosteroids (level II).

� A loading dose of 10mg/kg (max 500mg) should be given over 1 hour, followed by a
continuous infusion (1.1mg/kg/hr < 9 years, 0.7mg/kg/hr ≥ 9 yrs) (level II).

� Theophylline levels should be measured if the patient is already on oral theophylline or
i.v. aminophylline measure serum level to decide on requirement for and amount of
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loading dose (level II).

� Theophylline levels should be monitored once commenced 1 hour and 12 hours after
starting (therapeutic range 60-110umol/L) (level II).

Drug Delivery in Acute Asthma

A number of RCTs have demonstrated the safety and efficacy of bronchodilators delivered
by pMDI and appropriate sized spacer in children during an acute exacerbation. These
studies have been included in a systematic review confirming the benefits (33). Metered
dose inhaler and spacer deliver a greater proportion of the active medication in particles of
the respirable range (<5µm), giving them a theoretical advantage over nebulisers in terms of
greater efficacy and reduced side effects. pMDI and spacers are cheap and easy to use
and provide patients and their parents with the skills to manage an acute attack of asthma
at home.

Recommendation:

� Unless extremely unwell, all patients should receive bronchodilators by pMDI and
appropriate sized spacer

� Suggested regimen for pMDI and spacer during acute attacks:
children < 6 years old:  small volume spacer with mask
children ≥6 years old:  large volume spacer (level I)

Admission to Royal Children’s Hospital

There is little evidence from which specific guidelines for admitting children with an acute
attack of asthma to hospital can be formulated. Criteria that should be taken into account
are:
• the severity of the asthma attack
• the response to bronchodilator therapy
• the ability of the parents to cope at home
• the time of day/night.

A lower threshold for admission should be used for patients in high-risk categories including
previous ICU admission, recent admission, recent unstable asthma requiring oral
corticosteroids, adolescence, and residence a long distance from the hospital.

Recommendations:

� All patients with severe or critical asthma at presentation should be admitted (level V).

� Patients with moderate asthma may require admission, depending on response to
therapy, family circumstances, and the presence of high-risk factors (level V).

Transfer from the Emergency Department to the ward

Adherence to the guidelines for the treatment of acute asthma (see Table 3.2: Initial
Treatment) along with continuous documentation should ensure patients receive
uninterrupted and uniform treatment regardless of whether they are in the ED or the ward.
After the decision to admit the patient has been made transfer to the ward should occur
expeditiously. The patient should be sufficiently stable to be transported to the ward without
requiring treatment during transfer. Emergency Department nursing staff are responsible for
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patients with severe asthma during transfer and until face to face hand over to ward staff.
Patients with critical asthma should be transferred to the ICU accompanied by appropriate
medical and nursing staff.

Recommendations:

� Patients who require admission should be transferred to the ward as soon as ward staff
are ready to continue care (level V).

� Patients with severe asthma should be transferred to the ward accompanied by ED
nursing staff (level V).

Asthma Clinical Pathways

There is some literature to support the use of Clinical Pathways in acute asthma. Clinical
Pathways may improve patient outcomes such as reduced length of stay, decreased
representation or readmission rate and decreased complications, and facilitate discharge
planning  (58;59). Clinical Pathways have also been shown to be useful tools in the
implementation of clinical guidelines by the multi-disciplinary team (58) and allow
examination of variance data to review guidelines and practice.

Recommendation:

� Patients admitted with acute asthma to RCH should be managed according to the RCH
Asthma Clinical Pathway (level V).

Ward management

In-patient management of acute asthma is the continuation of ED management. Discharge
planning should begin on admission. Management on the ward should model the
management that parents will be asked to continue following discharge.

There is evidence in adults that as required (prn) bronchodilator use results in earlier
discharge than fixed interval therapy (60). Parents or the child/adolescent (supervised by
nursing staff) should administer bronchodilators, administered by on an as-required basis.
Nursing staff should decide when bronchodilators are required based on standardised
assessment, with a focus on the work of breathing (see Table 3.1 Assessment of severity).
The presence of wheeze alone does not necessarily indicate a requirement for
bronchodilator if the child is active and breathing comfortably. Designated, trained senior
nursing staff should be available on all shifts to assist with assessments. Medical staff
should be available to promptly assess patients at the request of nursing staff. The
frequency of medical review of in-patients with asthma will depend on severity, but patients
should be reviewed at least twice a day.

Corticosteroids should be continued while the patient is on the ward. The usual dose is
prednisolone 1mg/kg/day (once daily). Patients initially on i.v. steroids should be changed to
oral once they are tolerating oral intake.

Recommendation:

� Bronchodilators should be administered on an as-needed basis, as required for
increased work of breathing (level II).

� Appropriately trained nursing staff should assess the requirement for bronchodilators
and administer bronchodilators as required, with prompt medical review on request (level
V).
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Discharge from Hospital (Emergency Department or ward)

Timing of discharge

There is no clear evidence regarding the optimal timing for the discharge of patients from
hospital following an acute exacerbation of asthma. Studies that have examined this issue
have been confounded by multiple patient and treating physician factors.

Recommendation:

� A patient with an acute exacerbation of asthma should be considered for discharge
from the ED or the ward when they are stable and the family is able to manage the
exacerbation at home (level V).

Discharge Planning

Planning for discharge can be completed by medical and nursing staff according to the
Clinical Pathway. A structured, nurse led discharge procedure has been shown in a RCT to
reduce readmissions and ED attendances and reduce subsequent GP attendances for
uncontrolled asthma (61). Discharge should include a letter to the family doctor. Where
possible a phone call should also be made to the GP as this has been shown to improve
communication between the hospital and doctors in the community (62). This also provides
an opportunity to provide more meaningful information about the patient to the GP.

Recommendation:

� Discharge should include a discharge letter and copy of Action Plan to the child’s GP
(level V).

� Correspondence to the patient’s GP should include diagnosis, treatment, complications,
discharge medication, follow-up arrangements and a copy of the Action Plan (level V).

Patient and Family Education

Just how receptive parents, children and adolescents are to asthma education during an
acute exacerbation is questionable. In addition there are time limitations imposed on staff.
Information-only education programs have not been shown to be effective in reducing
readmissions to hospital and improving morbidity (63).

Introducing the concept of an asthma management plan may be the most useful
component of education in the acute setting, providing clear instructions about which
medications to take on discharge and how to manage the next attack. The asthma
management plan should be written in consultation with the patient and parents.

On discharge from the ED or ward following a presentation/admission for acute asthma, the
family must be given clear advice regarding the on-going management of the episode. This
should be delivered verbally and complemented with written instructions. The new
standardised action plan proforma included in Appendix B has a section on the back for this
purpose.

Recommendation:

� All patients discharged from the ED or the ward should have an individualised written
asthma Action Plan (level V).
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Discharge Medications

Regular inhaled bronchodilators and systemic corticosteroids following admission to hospital
can prevent early readmission.

Recommendation:

� Patients discharged from hospital or the ED following an acute exacerbation of asthma
should receive:

inhaled bronchodilators as required (level V).
oral prednisolone (1mg/kg) daily for up to 3 days (for those with moderate or 
greater severity) (level V).

Follow-up after discharge

Adequate follow-up and liaison with general practitioners and treating paediatricians is
important in attempting to prevent readmission of patients following an acute exacerbation
and to improve asthma control. There is no evidence in the literature as to the optimal timing
of the follow-up and this will depend on a variety of patient factors (severity of the episode,
level of control beforehand, knowledge about asthma).

Recommendations:

� On discharge, parents should be advised to seek further medical attention (preferably
from their GP) should the patient’s condition deteriorate or if there is no significant
improvement within 48 hours (level V).

� Newly diagnosed patients who have presented with an acute exacerbation (ED or ward)
should be referred to a paediatrician for review within 4-6 weeks (level V).

� At discharge all patients should have an outpatient appointment or appropriate follow-
up arranged with a paediatrician and/or GP (level V).

� Patients presenting at RCH for acute exacerbations of asthma should be encouraged to
establish/maintain a relationship with a GP (level V).

The Acute Management of Asthma at Home

Most national and international guidelines recommend the early introduction of β2-agonists
at home for the initial management of an acute exacerbation (1-4). Children using an pMDI
should add a spacer for management of the acute attack and increase the dose to those
used in hospital for acute asthma management (see Appendix C). For children using
terbutaline by Turbuhaler, inspiratory flow may be insufficient during an acute exacerbation.
If there is no symptomatic relief from an increase in dose equivalent to the appropriate dose
of salbutamol, a change to pMDI and spacer is indicated. In general nebulisers should not
be required. There is no proven role for the use of ipratropium bromide in the home
management of acute asthma.

For children not responding completely to inhaled β2-agonists two RCTs support the
introduction of oral corticosteroids to reduce the rate of admissions to hospital and hasten
recovery (64;65).. There is little evidence to indicate the appropriate timing for the
introduction of oral corticosteroids. There may be individual considerations depending on
doctor and parental experience with the particular child, however, the NAC recommend that
once a child requires bronchodilators every 3 to 4 hourly the introduction of oral
corticosteroids during an acute attack is appropriate (1).

The doubling (or introduction) of inhaled corticosteroids during an acute attack has been
recommended in a number of guidelines but this practice is not validated. The time lag to
see an effect from increasing the dose of inhaled corticosteroids is 4-6 weeks, well beyond
the time of most acute exacerbations. Furthermore, a RCT comparing a doubling of the
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dose of inhaled corticosteroids with the usual dose for children with acute asthma showed
no difference between the groups in terms of peak expiratory flow and symptoms (66).

Recommendations:

� Patients with an acute exacerbation of asthma should commence inhaled short acting
β2-agonists (< 6 years old, salbutamol 100 mcg/6 puffs by small volume spacer, >6 years
old, salbutamol 100mcg/12 puffs by large volume spacer) (level V).

� Patients with an acute exacerbation of asthma, requiring β2-agonists more than 3-4
hourly should commence oral prednisolone, 1 mg/kg daily for 3-5 days (level II).

� Patients with an acute exacerbation of asthma should not change the dose of their
preventive medication (level II).
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4. Interval management of asthma

Pharmacological Therapy

A summary of the pharmacological therapy regimen is included in Table 4.2 details are
included in the following pages. The pharmacological therapy recommended is presented
as relevant to the pattern of asthma, the classification of which is included in Table 1.1.

Table 4.1 Interval management of asthma (medication)

Preventer Symptom controller Reliever

 Infrequent
episodic

Nil Nil ß2-agonist
as needed

 Frequent
episodic

Initially : Sodium
cromoglycate1

or Nedocromil Sodium 2

If not responsive (after 6-8
weeks) change3 to inhaled
corticosteroid4

Nil ß2-agonist
as needed

Persistent Inhaled corticosteroids 4 If on ≥ 800mcg BDP/ BUD5 or
FP ≥ 500mcg and poorly
controlled: add a long acting ß  2  -
agonist6

If symptoms poorly controlled on
maximum inhaled therapy
consider oral corticosteroids or
theophyllines.

ß2-agonist
as needed

                                                
1 eg Intal Forte (5mg) 2 puffs t.d.s. for 6 – 8 weeks, then b.d. if asthma controlled
2 eg Tilade (>2 yo) 2 puffs t.d.s for 6 – 8 weeks, then b.d. if asthma controlled
3 There is no evidence to support the addition of cromoglycate/nedocromil to inhaled
corticosteroids
4 BDP / BUD 200-400mcg per day or FP 100- 200mcg per day. These may also be used a
first line therapy.
5 Maximum dose of inhaled corticosteroid BDP/BUD 1600 mcg/day or FP 1000 mcg/day
6 Eformoterol or salmeterol – both are particularly effective for nocturnal symptoms and may
be introduced at a lower dose of inhaled corticosteroids.
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Infrequent Episodic Asthma

Most (75%) of childhood asthma is infrequent episodic asthma (67). The principal triggers
are exercise and upper respiratory tract infections. As needed bronchodilators (β2-agonists)
are all that are required for treatment. β2-agonists relax smooth muscle and have an onset
of 1-5 minutes and duration of action up to 4 hours (68). Delivery is best achieved by
aerosol and there is no role for oral preparations (68). The regular use of short acting β2-
agonists is not recommended because of the induction of tachyphylaxis and has been
associated with an increased mortality (69). There is no evidence to support the use of
anticholinergic agents (such as ipratropium bromide) in the outpatient management of
childhood asthma.

Recommendation:

� Patients with infrequent episodic asthma do not require preventive treatment and only
require inhaled short acting β2-agonists for symptom relief (level II).

Frequent Episodic Asthma

About 20% of childhood asthma is frequent episodic asthma (67). This group of patients
should commence asthma prevention, particularly if there are interval symptoms (1;70;71).
The choice of preventer is a balance between its effectiveness and potential side effects.
The severity of the episodes, age of the patient and individual patient concerns with regard
to growth and adrenal suppression should be taken into account. There is often a seasonal
pattern to the asthma, which should also be taken into account. The frequency and severity
of the acute episodes, however, may not be altered by preventative therapy and dose
escalations may not be appropriate to combat these. The early recognition and
management of the acute episodes remains essential. An acute episode of asthma
triggered by an upper respiratory tract infection should not necessarily be considered a
failure of preventative therapy. Patients with frequent episodic asthma should continue to
use as needed inhaled short-acting β2-agonists for breakthrough symptoms and before
exercise.

Recommendation:

� Patients with frequent episodic asthma should commence asthma preventive therapy
(level II).

Sodium cromoglycate and nedocromil sodium

There is a long history of cromone use in children with asthma (72). There are a number of
RCTs supporting their use (73-79)  although more recent evidence does not (80;81). The
principle advantage of the cromones is the lack of serious side effects (75). Because of the
efficacy and safety profile, cromones are recommended as the initial preventative treatment
of asthma in most existing guidelines (1-4).

The cromones must be used over 6-8 weeks to determine their effectiveness. Sodium
cromoglycate should be initiated as (Intal Forte 5mg/puff) 10mg t.d.s. and can be reduced
to 10mg b.d. after 6-8 weeks if it is effective. Nedocromil sodium (Tilade 2mg/puff) should be
initiated as 4mg t.d.s. and can be reduced to 4mg b.d. after 6-8 weeks if it is effective.
Failure to respond to the cromones is an indication to introduce inhaled corticosteroids.
There is no evidence that either sodium cromoglycate or nedocromil sodium are steroid
sparing agents or offer additional benefit to patients on maximal doses of inhaled
corticosteroids (82;83).

Inhaled Corticosteroids

An alternative to the cromones as first line therapy for frequent episodic asthma is the
introduction of inhaled corticosteroids (75). Inhaled corticosteroids offer the advantage of
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potent effect but their use should be balanced against possible side-effects (84). A more
detailed discussion of inhaled corticosteroids is made under the heading of persistent
asthma. In general it should be possible to maintain patients with frequent episodic asthma
at doses less than 400 mcg/day BDP/BUD or 200 mcg FP.

Recommendations:

� Sodium cromoglycate or nedocromil sodium should be used as first line preventive
therapy in patients with frequent episodic asthma (level II).

� Inhaled corticosteroids should be used as first line preventive therapy for frequent
episodic asthma at doses ≤400mcg BDP/BUD or 200mcg FP (level II).

Persistent Asthma

Inhaled corticosteroids

About 5% of childhood asthma is persistent asthma (67) and these patients should receive
asthma prevention with inhaled corticosteroids. Corticosteroids have a broad anti-
inflammatory action which in the lungs which includes suppression of cytokines, eosinophil
recruitment and release of inflammatory mediators (84). Corticosteroids reduce symptoms,
improve lung function, reduce airway hyper-responsiveness and prevent exacerbations (84).
There are many RCTs confirming the benefits of inhaled corticosteroids for mild and severe
asthma and they are recommended for patients with frequent episodic and persistent
asthma in national and international guidelines (1-4). There may be a delay of up to 6
weeks following the introduction of inhaled corticosteroids, or change of dose, before the
benefits become apparent (85). The principle of inhaled corticosteroid use is to maintain the
patient on the lowest effective dose. This may require commencing at a higher dose with
dose reductions as the asthma comes under control (back-titration) (86). There is no
particular advantage of one corticosteroid over another and BDP, BUD or FP can be used,
remembering that the dose of FP (mcg for mcg) is half that of BDP or BUD (87-89).

The systemic absorption of inhaled corticosteroids is derived from a combination of both
oropharyngeal and lower airway deposition (84). Paradoxically, the better the delivery
device, the greater the potential for systemic absorption.  Local side effects (oral thrush and
hoarseness) can be minimised by using a spacer device and rinsing the mouth after use
(90-92). The dose-response curve for inhaled corticosteroid becomes flatter above 1000
mcg/day BDP/BUD of 500mcg/day FP which is also the point that the systematic activity (eg
adrenal suppression) becomes steeper (87).

The dosing of inhaled corticosteroids is usually a twice a day regimen, however, there is
evidence that a once a day regimen of 400mcg BUD is as effective as 200mcg BUD twice
daily, in well controlled patients with mild to moderate asthma (93;94).

There is general concern with regard to potential growth suppression caused by inhaled
corticosteroids. There is no convincing evidence that doses <400mcg/day of BDP or BUD
are associated with growth suppression. At higher doses the risk of growth suppression
must be balanced against the severity of the disease, remembering that under-treated
asthma is also associated with reduced growth (95). Most studies have been short term (<1
year) and there is no clear relationship between techniques such as knemometry and
markers of bone turnover with final height (96). Some children appear to be more
susceptible to the systemic affects of corticosteroids (97). Random controlled trials over 12
months have demonstrated around 1cm linear growth reduction in children on 400 mcg/day
BDP (98;99). However, one study following children for 7-11 years did not find a significant
reduction in final height with doses up to 800mcg/day of BUD (100). A meta-analysis of
corticosteroids (both oral and inhaled) in children found no statistical evidence for BDP
therapy to be associated with growth impairment, although some growth retarding effect of
oral corticosteroids was found (101).

It is important to also consider the method of drug delivery to both maximise drug efficacy
and minimise side-effects.
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Recommendations:

� Patients with persistent asthma should commence prevention with inhaled
corticosteroids (level II).

� Patients using inhaled corticosteroids by pMDI should use a spacer and rinse their
mouths after use (level III-2).

� For patients on inhaled corticosteroids height should be measured and plotted on a
percentile chart at every visit (level V).

� Doses of inhaled corticosteroid >1500mcg BDP/BUD or >750mcg FP are unlikely to
improve asthma control and should be used with caution (level IV).

Long-acting β2-agonists

Three randomised controlled trials in adults (102-104)  and one in children (105)  indicate
that long acting β2-agonists (salmeterol, eformoterol) can improve asthma control in
symptomatic patients already on moderate doses of inhaled corticosteroids. The long acting
β2-agonists are particularly useful for nocturnal asthma symptoms (102-105). There is some
evidence that regular use of eformoterol may also reduce the number of exacerbations
(104). Not all patients respond to long acting β2-agonists and because of the risk of
tachyphylaxis they should not be continued if there has been no response (106). Long
acting β2-agonists must always be used in association with an inhaled corticosteroids since
they do not treat the underlying disease (99;107). The usual dosing regimen is twice daily,
however if residual nocturnal symptoms are the major indication for use then an evening
dose alone may be used.

Patients on long acting β2-agonists who require additional symptomatic treatment for
exercise should continue to use their short acting inhaled β2-agonist before exercise.

There is no indication at this stage for acute exacerbations of asthma to be managed with
long acting β2-agonists and these agents should be ceased during an acute exacerbation.

Recommendations:

� Long acting β2-agonists should be used to maintain asthma control if the dose of
inhaled corticosteroid reaches 800 mcg BDP/BUD, or 500mcg FP rather than increasing
the inhaled corticosteroid or if nocturnal symptoms alone are the main complaint and a
patient is already on inhaled corticosteroids (level I).

� If there is no improvement in asthma symptoms after one month of long acting β2-
agonists then they should be ceased (level IV).
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Oral Corticosteroids

Systemic corticosteroids are rarely required to establish or maintain control of asthma in
patients with persistent asthma who are not controlled on maximum doses of inhaled
therapy. Oral corticosteroids are recommended in existing guidelines (1-4), once a patient
has been managed on maximum doses of inhaled corticosteroids and long acting β2-
agonists.  As with inhaled corticosteroids the principle of establishing disease control with a
suitable dose followed by back-titration applies. Alternate day corticosteroids may be
sufficient to maintain control while reducing systemic side-effects.

Some patients who have significant airway obstruction on formal lung function testing may
benefit from a trial of oral corticosteroids for 1-2 weeks to establish the reversibility of the
obstruction.

Recommendation:

� Patients on maximal inhaled therapy with non-bronchodilator responsive airways
obstruction on formal lung function measurement warrant a trial of oral corticosteroids at
1mg/kg/day (maximum 50mg) for 2-4 weeks level V).

Oral Theophyllines

There has been renewed interest in the use of slow release theophyllines as corticosteroid
sparing agents for patients on maximum inhaled therapy (108-110). This may be because of
an anti-inflammatory effect rather than simple bronchodilation (109;111-115).  There is
considerable experience in the use of theophyllines in asthma (116), and at least one good
RCT supporting the use of theophylline as a steroid sparing agent (110). Theophyllines are
recommended in this capacity in many existing guidelines (1-4). Therapeutic levels should
be monitored if patients are on >5mg/kg per dose. A number of physiological alterations (eg
fever) and drug interactions may interfere with serum theophylline levels (109).

Recommendation:

� Sustained release theophylline should be considered for patients on maximum inhaled
therapy (inhaled corticosteroids and long acting β2-agonists) requiring additional asthma
control (level II).

Leukotriene Modifiers

The leukotrienes represent one component of the inflammatory pathway associated with the
generation of asthma (117). The leukotriene modifiers (leukotriene receptor antagonists eg
monteleukast, zafirlukast and 5-liopoxygenase inhibitors eg zileuton) have been shown to
improve EIA in children (117;118)  and are particularly good for aspirin induced asthma
(117;119). In RCTs leukotriene modifiers have been shown to be effective in treating mild to
moderate asthma in both adults (120)  and children (97). Monteleukast (10mg/daily) was not
as good as BDP (400mcg/day) in adult patients with moderate asthma  (121). There is
limited information about the role of leukotriene modifiers as steroid sparing agents, with
only one RCT in adult patients showing a marginal benefit (122). One RCT which compares
the addition of zafirlukast or salmeterol to inhaled corticosteroids in patients requiring
additional asthma control, showed significantly better control with salmeterol (123).. The
leukotriene modifiers are presented as a chewable tablet although there is no evidence that
this offers better or easier delivery of the medication to the patient.
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Recommendation:

� The role of leukotriene modifiers in the management of childhood asthma is yet to be
determined and no clear recommendation regarding their use can be made (level V).

Immunosuppressant Therapy for Asthma

A variety of immunosuppressive therapies such as methotrexate (124) hydroxychloroquine
(125)  intravenous gammaglobulin (126)  azathioprine, gold and cyclosporin (127)  have
been used for patients with severe, uncontrolled asthma. Most of the reports are in adults
and are largely open, uncontrolled case series. Only methotrexate has been subject to
more thorough review by meta-analysis and was found to be of some benefit in adult
patients (124).

Recommendation:

� There is insufficient evidence to support the use of immunosuppressive therapy for
asthma (level V).

Exercise Induced Asthma

Exercise induced asthma (EIA) is common amongst children with asthma but is uncommon
as a discrete entity in children. Exercise induced asthma can usually be diagnosed on
history although a definite improvement with bronchodilators may confirm the diagnosis.
Airway obstruction occurs in the first 6-12 minutes of continuous exercise and is maximal 5-
10 minutes after exercise. A late phase reaction is sometimes present 3-6 hours later (128).
It is important not to confuse EIA with a lack of cardiopulmonary fitness, although asthma
itself may result in reduced cardiopulmonary fitness (129).

Resting spirometry is often normal and a formal exercise challenge is occasionally required
to determine the aetiology of exercise induced symptoms. Exercise induced
bronchoconstriction is defined as fall >15% of FEV1  (130).

Exercise induced asthma is best managed by inhalation of a short acting β2-agonist
(200mcg) prior to exercise and during exercise as required (131). Long acting β2-agonists
may also offer protection against EIA, but should not be used for EIA alone. Patients on
long acting β2-agonists for asthma control may still require short acting β2-agonist for sport
(132). Salbutamol and salmeterol are approved by national and international sporting
bodies for use in EIA, although eformoterol is not. Exercise induced asthma alone is not
usually an indication for asthma prevention with inhaled corticosteroids. Patients on asthma
prevention with inhaled corticosteroids may still get EIA although exercise tolerance should
be better than without prevention (133;134). Sodium cromoglycate (135)  or nedocromil
sodium (136)  half an hour before exercise can be used in addition to a β2-agonist for EIA, if
β2-agonists alone do not help. A series of warm up sprints can also reduce EIA (137).
Exercise (all forms, not just swimming) is encouraged in children with asthma as
improvements in cardiopulmonary fitness have been shown to raise the threshold for
induction of asthma symptoms (138;139).

Recommendation:

� Patients with EIA should use inhaled short acting β2-agonists (200mcg) 15 minutes
before commencing exercise (level II).
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Drug Delivery

In the management of childhood asthma consideration of the delivery system is as
important as the selection of medication, and in many cases the two decisions are intimately
linked. There is a wide variety of delivery devices on the market, however most patients can
be managed with pMDI/spacers or a dry powder inhaler such as the Turbuhaler. Age
appropriate selection of delivery system is the most important consideration balanced with
convenience to the patient (140). Patient adherence is closely bound to the selection of
delivery system and specific patient needs should be determined before a choice is made
(141). In principle the same delivery system should be used for each type of medication (ie
all pMDI and spacers or all Turbuhalers).

Each medication has a different delivery through each delivery system (142), although the
clinical relevance of this is not clear (143).  From a practical point of view a pMDI and spacer
is equivalent to a Turbuhaler. Any differences in the efficiency of drug delivery are
accounted for by the principle of reducing the medication to the lowest dose that controls
the disease. Except for adherence issues there is usually little benefit switching between
delivery systems to achieve better control.

Table 4.2 Drug delivery

ROUTE OF
ADMINISTRATION

<2 YEARS 2-6 YEARS 6-8 YEARS 8 YEARS AND
OLDER

pMDI, small volume
spacer + mask

Yes Yes

pMDI and large
volume spacer

Yes Yes

Turbuhaler* Yes
Accuhaler* Yes
pMDI (alone) Yes
Autohaler* Yes
Aerolizer* Yes

* A number of children in the 6-8 year age group may be able to use these devices
effectively.
+  Nebuliser generally not recommended for delivery of asthma medication. The main
exception is with severe acute asthma when a child is unable to use a pMDI and spacer

Metered Dose Inhalers

Metered dose inhalers alone, are associated with high oropharyngeal deposition and
difficulties with coordination (144;145). Children under the age of 8 are rarely able to
coordinate actuation of the pMDI with inspiration and at least 25% of adults are also unable
to use them correctly (144;146).  This is particularly important when considering the delivery
of inhaled corticosteroids. Older children who demonstrate a satisfactory technique and
clinical response to bronchodilators may use a pMDI alone for bronchodilator use (147).

CFC free pMDIs are being phased in from August 1999 in Australia. CFC free pMDIs have a
slower velocity of spray and a different plume from CFC-pMDIs (148) and in one study have
been shown to result in twice the amount of drug being available for inhalation (149). The
clinical effect of these phenomena is not yet determined and there is no evidence to
suggest that lower doses should be prescribed.

Spacers

The addition of a spacer to a pMDI removes the need for coordination of actuation and
inhalation, increases lower airway delivery (150) is associated with lower local (90-92) and
systemic side effects (151) and may reduce costs (152;153). Patients should still wash their
mouths (or brush their teeth) after use. pMDI and spacers can be used at any age,
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including infants. If multiple doses of medication are to be delivered then a single actuation
of the pMDI into the spacer should be followed by immediate inhalation with 1-2 deep
breaths or 5-6 tidal breaths (154). Multiple actuations and delayed inspiration reduce the
amount of drug available for inhalation (155-157).

The ability to empty a holding chamber (spacer) varies with tidal volume, which in turn
increases with linear growth. Most guidelines recommend small volume spacer (~150mL)
with face mask for children up to 3 years (148;158). From 3 years of age there is option to
remove the face mask for direct inhalation from the mouth piece. From 6 years of age tidal
volume is sufficient to empty a large volume spacer (750mL) and most children are able to
inhale from the mouth piece.

Most spacers are made of plastic and static build up may contribute to reduced medication
delivery (159). There is good evidence that washing plastic spacers with standard
household detergents can improve drug delivery and the effects last up to 4 weeks (160).

Breath Activated Devices

Breath activated inhalers require a reasonable inspiratory effort and can induce a startle
response in younger children. These devices offer little advantage over a pMDI and spacer
and are considerably more expensive (152).

Recommendation:

� All asthma preventers and symptom controllers, prescribed as pMDI, should be delivered
through a spacer regardless of the age of the patient (level I).

� Plastic spacers should be washed every 2-4 weeks with household detergent and air-
dried without washing off the suds (do not rub the spacer dry). New spacers should be
similarly washed before use (level II).

� CFC-free pMDIs should be used in the same way as the equivalent CFC-pMDI (level V).

Turbuhaler

The Turbuhaler is a dry powder inhaler with efficient delivery of medication to the lower
airway (161). The advantages are its small size, lack of propellents and ease of use in those
able to generate sufficient inspiratory flow. Adequate inspiratory flow is >30L/min which is a
particular problem in children <6 years old and during an acute exacerbation (162). Despite
this there is some evidence that older children and adolescents can effectively use β2-
agonists through a Turbuhaler during an acute exacerbation (163). Patients should rinse
their mouths after use to reduce oropharyngeal deposition.

Nebulisers

Nebulisers have been the traditional delivery system for small children and in acute, severe
asthma. They have the advantage of not requiring a coordinated inspiration or cooperation
from the recipient. They are cumbersome, expensive, wasteful and deliver only a small
proportion of particles in the respirable range (164).The availability of small volume spacers
with masks means that there is no indication to deliver preventive medication (eg cromones
or BUD/BPD) by nebuliser to small children.  In acute asthma, pMDI/spacers have been well
shown to be a better delivery system in children (51) and the availability of small volume
spacers with face masks obviates the need for nebuliser use in even the smallest child. The
only indication for nebulised medication in asthma management in children is with severe or
critical asthma who are unable to use a pMDI/spacer effectively.

Recommendation:

� Only patients with critical asthma should receive bronchodilators by nebuliser (level I).
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Complementary (Alternative) Therapies for Asthma

Complementary therapies for asthma include acupuncture, homoeopathy, manipulative
therapies (chiropractic and osteopathy), herbal remedies and the Buteyko breathing
technique. Most of these complementary therapies have not been subject to randomised
controlled trials and do not have a biologically defined mechanism of action (165;166). The
Cochrane airways group has recently performed systematic reviews of accupuncture (167)
and homoeopathy (168)  and did not find enough evidence to make recommendations
about their use. A RCT of the addition of chiropractic manipulation to usual medical care did
not demonstrate benefit (169). A RCT of the Buteyko breathing method demonstrated some
benefit in terms of β2-agonist use and quality of life but did not demonstrate improvement in
lung function or inhaled corticosteroid use (170).

Recommendation:

� Complementary therapies are not recommended for the management of asthma (level
II).

Influenza Immunisation

Influenza immunisation is often recommended for patients with persistent asthma. A recent
systematic review of nine trials could not find enough evidence to assess the benefits and
risks of influenza immunisation in patients with asthma (33).

Recommendation:

� Influenza immunisation is not recommended as routine for patients with asthma. (level II)
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Environmental Exposures

Tobacco Smoke Exposure

Exposure to environmental tobacco smoke (ETS) in children is associated with greater
frequency and severity of asthma symptoms. (NHMRC}. Numerous studies show an
association between passive smoking and asthma after controlling for important potential
confounders such as age, sex, parental history of atopy and socioeconomic status. A meta-
analysis of 17 studies concluded that asthma occurred 45% more frequently in children of
smokers than children of non-smokers (171). Furthermore, the literature suggests that
exposure to ETS may influence both aetiology and severity of asthma.

Tobacco smoking and exposure to ETS in adolescents is associated with evidence of mild
airway obstruction and slowed lung growth during the adolescent years (172;173).
Adolescent girls may be more vulnerable than boys to the effects of smoking on lung growth
(173).

A major review of passive smoking by the National Health and Medical Research Council
(174) shows that asthma is more common among active smokers than non-smokers in both
adults and adolescents and that active smokers show increased levels of atopy and
bronchial hyper-responsiveness than non-smokers.

Smoking Cessation

Rates of smoking cessation (defined as abstinence at 1 year follow up) vary from 5% for
brief GP office interventions to 20-35% for more intensive interventions, especially in high
risk populations (175;176). A recent meta-analysis of nicotine replacement (177)  highlights
an additional effect for those who are physiologically addicted to nicotine. Patients of
trained doctors who received routine reminders are 6 times more likely to stop smoking than
controls (176). The effectiveness of smoking cessation advice during an admission to
hospital and during limited outpatient encounters is less likely to be effective.

Recommendation:

� Identification of environmental tobacco smoke exposure should be sought on all
patients with asthma (level V).

� Where ETS exposure is identified this should be minimised by requesting that parents
smoke outside and that patients and/or parents are referred to the Quit Program or to
their GP for smoking cessation advice (level IV).

Allergen exposure

There is a clear relationship between asthma and allergy. Allergy to house dust mite (HDM)
has been identified as the greatest risk factor for asthma in temperate and humid regions
(178)  and there is a very strong association between exposure, sensitisation and asthma.
Sensitisation to cat and rye grass allergen and the mould Alternaria have also been shown
to be independent risk factors for asthma in some regions (179). Rye grass pollen has also
been strongly associated with acute hospital admissions and seasonal changes in airway
hyper-responsiveness (180). Exposure of asthma patients to inhalant allergens to which
they are sensitised can increase airway inflammation and symptoms. Substantially reducing
such exposure can result in reduced inflammation, symptoms and need for medication (2).

House Dust Mite Exposure

The effects of allergen avoidance on asthma symptoms and airway inflammation have been
best described for HDM. Several expert panels have concluded that house dust mite
avoidance measures are of benefit in asthma (2;178). The difficulty with avoidance of HDM
exposure is reducing levels to a sufficient degree. In the Cochrane systematic review (181)
levels of HDM allergen were effectively reduced in only 6 of the 23 studies analysed,
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methods for reduction of house dust mite were heterogeneous and included methods now
known to be ineffective. While this review concluded that HDM avoidance measures are not
of benefit in asthma, the review did not take in to account the failure of most of the studies
to reduce dust mite levels. Random controlled trials have shown that effective reduction of
exposure to HDM dust mite can reduce symptoms, airway inflammation and/or medication
use (182-184).

Animal Exposure

There are no published studies of the effect of animal allergen avoidance on asthma
symptoms. However, studies have identified effective methods for reduction of allergen (see
Appendix D).

Food allergy

Food allergens are not a common precipitant of asthma and in general, foods do not cause
isolated respiratory symptoms. Foods can cause acute anaphylactic reactions that may
include severe bronchoconstriction, however, accompanying cutaneous symptoms are
usually noted.

Evaluation for Allergic Factors Contributing to Asthma

The clinical history is essential to determine patient's exposure to allergens. Skin prick
testing (SPT) is the best method for investigation of allergic sensitisation although some
practitioners still favour using RASTs (radioallergosorbent tests) (2). Sensitisation to
commonly implicated inhaled allergens such as HDM, cat, dog and rye grass will be tested
for unless another possible allergen is implicated from the history.

Recommendation:

� Patients with persistent asthma requiring regular inhaled corticosteroids should be
considered for evaluation of relevant allergen sensitivity and exposure (level V).

� Those patients with confirmed sensitivity should be considered for the introduction of
allergen avoidance measures (level V).

� Patients with unexplained acute life threatening attacks of asthma should be evaluated
for possible allergic factors contributing to asthma. These may represent episodes of
food induced anaphylaxis (level V).
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Asthma Education

A major difficulty in assessing the impact of education in asthma is how education is
defined. Often it is regarded as an activity outside the consultation. Needs analysis would
suggest that patients/carers want individualised, consistent advice that may come from the
consultation with their doctor or practice-based asthma educator.

Adults do not show clinically important improvements in FEV1, PEF or unscheduled visits to
the doctor (although there is some reduction in self-reported symptoms) following education
which involves the transfer of information only (level 1) (63). Information-only education
includes interactive (group or one-to-one format) education and/or non-interactive (print,
audio, video or electronic education material).

One exception to the limitation of information only-education is apparent in the ED where
patients are likely to have more severe asthma. In two adult RCTs included in the above
systematic review, information-only education did reduce ED attendance (63). However,
adults do show clinically significant reduction in hospitalisations, ED visits, and unscheduled
visits to the doctor for asthma following that optimal self-management education (level 1)
(185).

Optimal self-management education includes:
• written information about asthma
• self-monitoring (PEF or symptoms)
• regular medical review, and
• an individualised written asthma action plan.

There is evidence that similar self-management education also effective for children aged 8-
12 years (level II)(186). However, the process was prolonged and intensive. Significant
reductions in ED visits and days of hospitalisation were attributed to the Asthma Care
Training Program for Kids. The key features of this program were: five 1-hour interactive
education sessions involving both the child and parent, less than 8 children per group,
involvement of the physician, and the teaching and mastery of skills.

For both children and their families the use of cognitive behavioural skills can be helpful in
managing asthma and in reducing risk of the escalation of anxiety and breathing difficulties.
An appropriately trained psychologist can teach these techniques to parents and older
children.

Recommendation:

� Asthma education should focus on optimal self-management. This involves the doctor
and patient/carer working in partnership to increase knowledge, ensure the acquisition
of self-management skills and use of a tailored Action Plan, optimising of medication
and regular review (level I).
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Adherence

Asthma best practice management requires a series of tasks to be performed by both
patient and doctor. Adherence (also known as compliance) is the extent to which patient
behaviour follows the recommended ‘prescription’ which may relate to taking of medication,
following a written management plan, avoiding trigger factors and seeking regular review
(187).

Multiple studies using objective methods of measurement suggest that approximately 50%
of people with persistent asthma do not adhere to their preventative medication regimen.
Poor adherence with an asthma management plan has been identified in those admitted to
hospital with an exacerbation of asthma (188)  as well as in a proportion of those dying with
asthma (189). Medical adherence with a range of interventions is also known to be poor
and in one study 50% of patients left their GP's office without knowing what they had been
told to do (190).

Simple strategies to improve adherence with medication include reducing the number of
medications and the dose frequency (191). Studies that teach specific communication
strategies to doctors about how to achieve better adherence have shown better health
outcomes (192;193). These studies promote doctors’ use of an interactive consultation
style, attention to patient concerns, provision of a supportive climate for mutual problem
solving and building patient’s confidence to control symptoms. Importantly, these
approaches have been shown to take less time than traditional consultations (193).

Recommendation:

� Patient adherence and the factors affecting patient adherence should be considered at
every consultation (level V).

� Patients should be on the simplest regimen of medication to maintain asthma control
(level V).

Psychological Factors

Family and child psychological factors can play a significant role in the onset and in the
management of asthma and related respiratory problems  (194). The relationship is
reciprocal in that the experience of asthma can affect the psychosocial development of a
child. Problems may include: non-compliance with essential medication, anxiety and social
withdrawal, school absence which affects academic progress; reluctance to engage in
normal activities including sport even when the condition is sufficiently well managed to
allow this in safety; over-protective (or underprotective) family practices which may
exacerbate the condition; and in some cases associations between asthma problems and
psychological disorders such as panic disorder, phobias, attention deficits, and learning
difficulties (195). Psychological intervention combined with the appropriate medical regime
can enhance the adjustment of the child and family in specific cases (196).

Recommendation:

� Where psychological factors, such as anxiety, appear to be significant, referral to the
Psychology Department is recommended (level IV).



36

Referral to a Respiratory Specialist

There are no RCTs to indicate which children or adolescents would benefit from referral to a
paediatric (or adolescent) respiratory physician. Referral clearly depends on the level of
experience of the individual general paediatric physician. Some suggestions are made
below.

• uncertainty about the diagnosis
• poor response to maximal inhaled therapy
• acute severe exacerbations requiring intensive care management

Recommendation:

� Patients with asthma should be referred to a paediatric respiratory specialist if there is
concern about the diagnosis of asthma, a poor response to maximum inhaled therapy or
acute severe exacerbations requiring intensive care therapy (level V).

The Role of the General Practitioner

All children should have a general practitioner for their overall health care. A GP has the
opportunity to know the child and their family, to care for acute illness in the context of past
history and family background, to provide health education and advice, and to promote
wellbeing through preventive measures eg: immunisation, etc.

It has been shown that patients who have a regular doctor for care of their asthma are more
likely to have (197):
� an overall asthma management plan
� an action plan to deal with worsening symptoms
� discussed trigger factors for their asthma

Recommendations:

� Patients who have a GP should be referred back to their GP for follow-up after an acute
episode (level V).

� Patients who have a GP should be encouraged to see their GP for ongoing
management of their asthma (level V).

� Patients who do not have a good relationship with a GP should be encouraged to find
a GP for ongoing management of their asthma (level V).
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5. Outpatient Review of Asthma

Regular review of patients with asthma is recommended in existing asthma guidelines (1-4).
These documents are often geared towards patients with persistent asthma and do not
take into account the episodic nature of most childhood asthma.

Recommendations are not specific regarding who should review the patient, although GPs
and specialists should work together and communicate effectively. One study, which
included both children and adult patients, indicated that referral to an asthma specialist
resulted in fewer readmissions to hospital, better symptom control and a greater use of
inhaled corticosteroids (163).

Table 5.1 Recommended frequency of review
Pattern of Asthma Frequency of Review

Infrequent Episodic Asthma Review by specialist 4-6 weeks after first presentation,
then...
refer back to GP

Frequent Episodic Asthma Review by specialist 4-6 weeks after first presentation,
then...
well controlled/stable - refer back to GP

poorly controlled/being stabilised
-2-3 monthly review by either  paediatrician, respiratory
clinic or asthma clinic

Persistent Asthma Unstable: as needed by specialist

Stable: 2-3 monthly review by specialist

(This suggested program for review of patients with asthma is for review by a specialist and
does not include regular GP visits)
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Elements of the outpatient review

The outpatient review of a child or adolescent with asthma has many key elements, namely,
review of the diagnosis, assessment of the pattern of asthma and the level of control,
identification of trigger factors, review of medication and aerosol technique, education and
action plan, and GP communication. Time limitations and patient/parent information
overload often dictate the need for additional visits to thoroughly review all these principles.

Review the diagnosis and pattern of asthma

The review of the diagnosis should be considered for every patient in whom there has been
a poor response to treatment. The following tests are available and have varying degrees of
usefulness with respect to the review of the diagnosis of asthma.

Spirometry

Lung function provides a tool that can confirm a clinical diagnosis, monitor response to
treatment and provide reproducible information about the progression of disease (130).
Children over the age of 6 years can learn to perform spirometry accurately (198). Complete
spirometry should include flow-volume measurement with graphed flow-volume loop. This
enables assessment of the technical adequacy of the forced expiratory manoeuvre, and
examination of the shape of the curve provides information about small airways obstruction.
See Appendix E for examples of normal and abnormal spirometry values and flow-volume
loops.

Normal values:    FEV1 > 80% predicted
  FVC > 80% predicted
  FEV1/FVC >75% (199).

Spirometry is useful in detecting airway obstruction, which may be unrecognised from history
or physical examination. If there is evidence of airway obstruction then bronchodilator
reversibility should be assessed (200).

Recommendation:

� Spirometry should be performed in all patients with persistent asthma who can perform
the test, and in those in whom the diagnosis is uncertain. If there is evidence of airway
obstruction then bronchodilator reversibility should be assessed (level V).

Peak Expiratory Flow Measurements

The NAC guidelines (1)  recommend PEF measurements as part of diagnosis of asthma.
However PEF measurements are inadequate for establishing the diagnosis of asthma in
children because significant diurnal variability is also common in children without asthma and
the peak flow measurements are frequently technically unreliable in children (201;202).

Recommendation:

� Peak flow measurement is not recommended for clarification of the diagnosis of asthma
(level V).

Bronchial challenge tests

Standardised Exercise Challenge
Standardised exercise tests may be performed in children able to do accurate spirometry.
Seventy percent of children with asthma have exercise induced bronchospasm (147)
however, it is sometimes difficult to distinguish poor cardiopulmonary fitness from the
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symptoms of EIA. A 15% reduction in FEV1 following exercise is considered significant
(203;204).

Recommendation:

� Exercise challenge may be used for clarification of symptoms related to exercise (level
V).

Other Challenge Tests
Direct pharmacological challenges (histamine, methacholine) and indirect challenges
(isocapnic hyperventilation, hypertonic saline, mannitol) measure bronchial hyperreactivity
which does not necessarily correlate with asthma. These tests are not without risk and the
precise role of these tests in asthma diagnosis in children is yet to be determined  (200)..

Recommendation:

� Direct and indirect bronchial challenges are not recommended for the diagnosis of
asthma in children (level V).

Chest Radiography

Chest radiography is not a diagnostic test for asthma (1). Chest radiography may be helpful
in excluding an alternative diagnosis (eg congenital airway or lung malformation, mediastinal
mass, suppurative lung disease). This should be considered when the history and/or
physical signs are not typical of asthma, or the response to treatment is inadequate.

Recommendation:

� Chest radiography should be considered in patients requiring inhaled corticosteroids to
exclude an alternative diagnosis (level V).

Assess the level of control

Symptoms

Patients and parents need to be trained to recognise symptoms and to report them at
review.

Nocturnal and early morning symptoms of asthma (shortness of breath, wheeze, cough),
severe enough to wake the patient and require bronchodilators, are robust clinical indicators
of asthma control.  Nocturnal cough alone is often a troublesome symptom but seems to
respond less well to medication. Nocturnal and early morning waking with asthma, requiring
bronchodilators, once or more per week is indicative of undertreated asthma (19).

Use of bronchodilators during the daytime (not including before or during sport) is another
important indicator of asthma control. Careful history taking is needed to separate “rescue”
bronchodilator use from use with sporting or playground activities and to ascertain that the
need for bronchodilators is genuine. The inappropriate overuse of bronchodilators
frequently drives the perceived need for more preventative therapy, exposing the child or
adolescent to an unnecessary risk of side effects. Furthermore, the inappropriate use of
bronchodilators may indicate anxiety about the symptoms of asthma and be an indication
for psychology referral. The daytime use of bronchodilators (not including before or during
sport) more than twice a week is indicative of undertreated asthma (19).

Recommendation:

� Nocturnal or early morning symptoms requiring bronchodilators once or more per week
represent inadequately controlled asthma (level V).
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� Daytime symptoms requiring bronchodilators (not associated with exercise or sport) more
than twice a week represent inadequately controlled asthma (level V).

Monitoring

Patient (or parent) monitoring of asthma control is a prominent part of most asthma practice
guidelines (1-4) but recommendations are generally vague. Symptom diaries and peak flow
measurements are used in clinical studies during which the subjects receive close
supervision to ensure compliance with the study protocol. It is inappropriate to extrapolate
the use of symptom diaries and peak flow measurements to the routine clinical setting.

Symptom Diary
There are serious limitations with interpreting the results of patient recorded symptom
diaries. These diaries are often filled out incorrectly or, in the case of children and
adolescents, are filled out by a third party (ie the parent).

Peak Flow Monitoring
Peak flow monitoring in children is often limited by poor technique, overinterpretation of
results and the inability to obtain reproducible results in the acute setting (23). Most children
under the age of 6 are unable to reliably use a peak flow meter. In many cases the values
of peak expiratory flow are inaccurate (22). The reliance on peak flow measurements, often
linked to a peak flow based asthma management plan can result in inappropriate use of
medication. In older children the role of peak flow monitoring has been evaluated and found
not to be helpful for recognition of asthma symptoms or for registering meaningful changes
a patients condition (201;202). A single measurement in outpatient department may be
misleading.

Recommendation:

� Symptom diaries and peak flow monitoring are not recommended for routine care of
children and adolescents with asthma (level II).

� Short-term monitoring (1-2 weeks) by symptom diaries and peak flow measurements may
be useful where clarification of symptom control is necessary (level V).
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Review medication

The outpatient review is the ideal time to review medications, doses, delivery system,
delivery technique and adherence

Recommendation:

� Medications, doses, delivery system, delivery technique and adherence should be
checked at each visit (level V).

Patients with inadequately controlled asthma require a thorough review of their therapy
remembering that adherence and inhaler technique are as important as dose of drug
prescribed. Each of the asthma medications is discussed in detail in this document as is
drug delivery, adherence and patient education . Other factors such as exposure to
tobacco smoke and inhaled allergens are also discussed in this document. In some cases
referral to a respiratory specialist is indicated as may be referral to a psychologist with an
interest in asthma.

Patients with asthma who are symptom free, or well controlled over 3-6 months on the
current dose of medication should be considered for a reduction of their medication. The
decision to wean medication may be affected by knowledge of seasonality with respect to
the patient’s symptom history. The weaning of corticosteroids (both oral and inhaled) should
take priority. For patients on both inhaled corticosteroids and long acting β2-agonists the
inhaled corticosteroid should be weaned first as they associated with the greater side
effects. There is no high level evidence upon which to base recommendations about the
specifics of dose reduction.

Recommendation:

� Patients on cromones (cromoglycate/nedocromil) who are stable for 3-6 months should
be given a trial without the medication (level V).

� Patients on inhaled corticosteroids who are stable for 3-6 months should reduce the
dose of inhaled corticosteroid by 25-50% (level V).

� Patients who are stable on 400 mcg/day BDP/BUD or 200mcg/day FP and long acting
β2-agonists can cease taking the long acting β2-agonists (level V).
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Education and Action Plan

The principles of asthma education have been discussed above. Outpatient visits are the
ideal time for education and the factors discussed should be focussed on the individual
needs of the patient at that visit.

Components of asthma education in the consultation
– to be tailored to individual patient

• basic pathophysiology
• natural history
• symptoms
• triggers and strategies for avoidance
• review of patient-initiated changes to therapy
• asthma medications
• preventers/relievers
• side effects
• inhaler/spacer technique
• compliance with treatment
• action plan - recognition & management of an acute attack
• monitoring
• seeking medical attention - regular review & acute attack
• exercise induced symptoms
• asthma and school
• smoking

Recommendation:

� Each outpatient visit should include time for individualised patient education (level V).

Asthma education programs which include a written asthma Action Plan have been shown
to have the greatest benefit in terms of hospitalisations, unscheduled doctor visits and
symptom control (205). Action Plans should have a section on daily medication,
management of exacerbations and an emergency plan. In general the plan should be
symptom based rather than peak flow based (206).

Recommendation:

� All patients with asthma should have an individualised written Action Plan (level V).

GP Communication

A letter should be sent to the patient’s GP following an outpatient visit.

Recommendation:

� All patients with asthma seen at RCH should have a letter sent to their GP (level V).
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Appendices
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APPENDIX A Membership of the Royal Children’s Hospital Asthma Strategy
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Prof. Andrew Kemp, Immunology

Ms Gill Maskell, Hospital Support Unit

Dr Mimi Tang, Allergy and Immunology

Dr Simon Young, Emergency Medicine

Prof. Margot Prior, Psychology

Dr Michelle Haby, Community Child Health
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APPENDIX B - Asthma Action Plan

ASTHMA ACTION PLAN

For:     .......................................................................
prepared by:   .............................................................   on :   ...../...../.....

PREVENTATIVE TREATMENT (EVERYDAY - WHEN SICK OR WELL)

Take:  1)     ...................................................          ...........................           ............ times per day

          2)     ....................................................          ...........................           ............ times per day

          3)     ....................................................          ...........................           ............ times per day

Before sport or exercise, take:     ..........................................................

WHEN YOU GET MILD SYMPTOMS

In addition to regular preventative treatment, take:

     ............................................          ..............puffs.................as often as  .......  hourly, as needed...

WHEN SYMPTOMS ARE MORE TROUBLESOME

     ............................................          ..........to............puffs.................as often as  .......  hourly, as needed...
Always use your spacer.
               IF:          you need to take your Ventolin/Bricanyl more often than 3-4 hourly
               OR         you need Ventolin/Bricanyl 3-4 hourly regularly for more than 6 doses,
               THEN     Give:       Prednisolone  .................mg as a single dose daily for up to 3 days

IF YOU HAVE A VERY BAD ATTACK

Take  ............ puffs of Ventolin / Bricanyl every  15 minutes while arranging urgent transport to hospital

WHEN TO SEEK HELP FROM YOUR DOCTOR OR HOSPITAL

• If you have a bad attack and are worried
• If you need Ventolin/Bricanyl more than every two to three hours
• Wheezing persists for more than 24 hours and is not settling
• If you get little or no relief from Ventolin/Bricanyl or symptoms worsen suddenly, then:

DO NOT STAY AT HOME   -   SEEK MEDICAL HELP IMMEDIATELY

Keep this plan readily available at all times and give copies to others involved in care of the patient.
GENERAL INFORMATION

SPACER CARE:
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If you are using a puffer (pressurised metered dose inhaler), then it is much more efficient to use a
spacer device such as a Volumatic, Nebuhaler, Space Chamber or Breath-a-Tech. By using a spacer,
much more drug is delivered to the lungs and much less drug to the back of the mouth.
Young children, up to the age of around 4 years should use one of the small volume spacers (Space
Chamber or Breath-a-Tech) together with a face mask. Older children should use a large volume
spacer (Volumatic or Nebuhaler).

Ideally, the spacer should be loaded with one puff of medication at a time, then 5-6 normal breaths
taken or 1-2 big breaths, before loading with the next puff.

Spacers can be washed once a week in normal household detergent. After washing, do not rinse off
the detergent (it is a good anti static) and leave to drip dry - do not rub dry with a towel.

SYMPTOMS:

Children with asthma commonly get attacks in association with a viral upper respiratory tract infection
(common cold) or on exposure to some environmental allergen such as house dust mite. Some children
get symptoms between attacks and these include:

waking at night due to cough or wheeze
chest tightness or wheezing on waking in the morning
wheezing that limits exercise - unable to keep up with friends
spontaneous wheezing during the day

It is appropriate to treat these symptoms with a dose of reliever medication. However, if reliever
medication is required more often than on 2 - 3 days per week or if sleep is disturbed once a week or
more, then the asthma may be unstable. You should arrange to see your regular doctor for a review of
preventative medication.

TREATMENT PLAN FOLLOWING DISCHARGE FROM THE EMERGENCY DEPARTMENT OR
HOSPITAL WARD

Reliever medication:
............................................          ..........to............puffs.................as often as  .......  hourly, as
needed...

Always use your spacer.

Prednisolone  .................mg as a single dose daily for the next     .....     days

Preventer medication:

Take the preventer medication as per the attached  'Asthma Management Plan".

Other medication:

........................................................................................................................................................

.

........................................................................................................................................................

..

FOLLOW-UP:

An outpatient appointment has been made to review overall asthma management with:
Dr.  .................................................................. on     ................................/....../........ at
....................
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APPENDIX C

Bronchodilator dosage and technique

The following regimen is suggested for children with a moderate or severe episode of
asthma.
Salbutamol (100mcg/puff)
<6 years - 6 puffs via pMDI and small volume spacer
≥6 years – 12 puffs via pMDI and large volume spacer
Ipratropium (40mcg/puff) - may be added:
<6 years - 2 puffs via pMDI and small volume spacer
≥6 years – 4 puffs via pMDI and large volume spacer

Inhalation only to be given with spacer mask firmly applied to face (in younger children) and
with lips around mouth-piece for older children.
Load with one puff at a time (and repeat)
Shake puffer initially and then after every 3 puffs
If the child uses tidal breathing, then allow 5-6 breaths
If the child is able to take larger breaths (this is best), then wait until they take 1-2 breaths
Overnight, a small volume spacer (‘Breath-a-tech’ brand) masks may be used on large
volume spacers for older children if they are too sleepy to seal the mouth-piece with their
lips
Frequency: in hospital doses may be given frequently as indicated by severity and
response. The use of oxygen between treatments does NOT preclude using a spacer
Uncommonly children may require alternative an mode of delivery of bronchodilator
(nebulised, IV). This should be assessed on an individual basis

Hospital Discharge

Patients should be discharged from hospital when they are receiving therapy that can be
adequately administered at home.
Patients should continue on the above doses until the current attack of asthma has
resolved. More minor episodes at home could be treated with 2 puffs.
Communication with patients’ GPs is very important. They may not be familiar with the new
protocol initially.

Handling spacers

Spacers will be re-used. New spacers should be dipped into diluted ionic detergent (“Green
RCH detergent”) and air-dried prior to first use (to decrease static and improve drug delivery)
Between patients, used spacers should be washed in warm soapy water, then autoclaved
prior to being dipped in diluted detergent (“Green RCH Detergent”) and air-dried. (spacers
should not be rinsed, rubbed or towel dried)

Spacer Logistics

The following brands of spacers will be stocked in the Emergency Department and on the
wards because they can be pasteurised  for re-use:
Large volume: ‘Volumatic’
Small volume: ‘Space Chamber’
Patients will need to purchase a spacer for use at home (through a Pharmacy or the Royal
Children’s Hospital Equipment Distribution Centre)

Surgical patients

Pre-anaesthetic bronchodilator treatment may be administered as per the above regimen
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APPENDIX D – Recommended allergen reduction interventions

HDM Avoidance Measures

Priority Objectives(level V)
Focus on the bedroom and the bed
• Enclose mattress and pillows in zippered HDM impermeable encasings. Wash the

encasings monthly in warm water.
• Replace doonas with washable comforters/blankets that can be washed in hot water

weekly OR enclose the doona in a zippered allergen proof encasing.
• Wash all bedding, including sheets, pillow-cases, and blankets in HOT cycle weekly

(>55oC).
• Remove stuffed toys, cushions, upholstered furniture, and plants from the bedroom.

Place clothing and small objects that accumulate dust in drawers or closed cabinets.
• Vacuum carpets once a week. The patient should avoid vacuuming where possible.

Medium Term Objectives (Level V)
Do NOT use humidifiers or evaporative coolers in the home. Use air conditioning in hot and
humid conditions. These measures will prevent increased humidity, which can encourage
the growth of house dust mites.

Animal Allergen Avoidance Measures

Cat Allergen
Primary Objectives (level V)
Keep cat out of the bedroom and ideally outside of the house.

Medium Term Objectives (level V)
Remove the cat from the home

Dog Allergen
Primary Objectives (level V)
Keep dog out of the bedroom and ideally outside of the house.
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Appendix E – NORMAL AND ABNORMAL SPIROMETRY

Lung Function Values

Normal:     VC & FEV1 > 80%      FEV1/VC > 75%     MEF > 67%

Pure Obstructive Disease VC FEV1/VC MEF

 small airways disease > 80% > 75% < 67%

 mild > 80% 70 - 75% < 67%

 moderate > 80% 60 - 69% < 67%

 moderately severe > 80% 50 - 59% < 67%

 severe > 80% < 50% < 67%

 Pure Restrictive Disease VC FEV1/VC

 mild 65 - 80% > 72%

 moderate 50 - 64% > 72%

 severe < 50% > 72%

 Mixed Restrictive and Obstructive
Disease

VC FEV1/VC

 mild restrictive, significant obstructive 65 - 80% 55 - 72%

 mild restrictive, severe obstructive 65 - 80% < 55%

 moderate restrictive, significant obstructive 50 - 64% 55 - 72%

 moderate restrictive, severe obstructive 50 - 64% < 55%

 severe restrictive, significant obstructive < 50% 55 - 72%

 severe restrictive, severe obstructive < 50% < 55%

 Bronchodilator Response

 significant    FEV1  increase >12%

 no significant    FEV1  increase < 12%
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