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Abstract  

 
Acute asthma exacerbations are common in children, and many have prolonged morbidity 

beyond the acute phase. The overall aim of my thesis was to improve the knowledge of asthma 

in children relating to the management of acute exacerbations, with focus on the post-acute 

phase and its impact on parents/caregivers.  

 

My PhD addressed several clinical gaps. In addressing the lack of a systematic review 

evaluating the effectiveness of inhaled anticholinergic agents alone in children with acute 

asthma, my Cochrane review found that inhaled anticholinergics as single agent 

bronchodilators were less efficacious than beta2-agonists or inhaled anticholinergics combined 

with beta2-agonists.  

 

Prior to my PhD work, there was little data on the determinants affecting acute asthma severity 

and recovery nor the impact of respiratory pathogens on severity or symptom resolution and 

the ongoing morbidity and recovery phase post-asthma exacerbation. My PhD work involved 

a cohort study in 2 hospitals that enrolled 244 children with acute asthma who were followed 

up. The principal findings from the cohort study (3 publications) were:  

1. Atopic children were significantly more likely to represent for asthma by day-14 but upper 

airway microorganisms had minimal impact on acute asthma or the recovery.  

2. Children on inhaled corticosteroids were more likely to have prolonged cough on day-14.  

3. Canadian Acute Respiratory Illness and Flu Scale (CARIFS) scores correlated with 

Asthma Diary Scale and Paediatric Asthma Caregiver’s Quality-of-Life (QoL) scores. 

However, the presence of respiratory viruses did not influence CARIFS scores. 

 

In conclusion, persistent symptoms beyond the acute asthma phase are common and impact 

substantially on parental/caregiver burden and the QoL of children and their families. 

Identifying the key factors is vital to optimise clinical management in order to reduce the 
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burden on the child and parent/caregiver, improve future respiratory health and prevent 

potential impairment in airway development and lung function. 
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Chapter 1: Introduction and literature review  

 

1.1 Chapter overview  

 
Asthma is one of the most common chronic conditions affecting children and adults. This 

review outlines the clinical aspects of asthma relevant to my PhD, including the burden of the 

disease worldwide. Despite the burden of asthma exacerbations, there is relatively little data 

on the factors affecting the severity of acute asthma in children. In addition, many affected 

children and their families experience ongoing morbidity following acute asthma 

exacerbations. Despite significant advances in asthma treatment, clinical research gaps exist 

and need to be addressed as a priority. This review provides a summary of the impact of asthma 

exacerbations beyond the acute phase, and the resultant ongoing morbidity. It concludes with 

a summary of the research hypotheses and aims.  

 

1.2 Overview of acute asthma  

 
Asthma is a complex, inflammatory disease, with intermittent and reversible lower airway 

obstruction.1 Airway narrowing and smooth muscle constriction occur as a result of an 

environmental trigger, usually in association with a viral upper airway infection in children. 

The development of asthma is a result of host characteristics interacting with the synergism of 

allergen exposure and viral infections.2 Children at risk for asthma, who are sensitised and 

exposed to allergens such as dust, mould, rat, or cockroach, can experience airway 

inflammation when infected with respiratory viral infections in particular, human rhinovirus 

(RV) subtype C infection.3,4 

 

Many children with acute asthma exacerbations can be managed at home or in the community. 

However, those with moderate to severe illness may require hospitalisation. Although the 
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acute exacerbation often resolves within a few days, many of these children will have 

prolonged morbidity beyond the acute immediate phase.  

 

1.3 Burden of disease  

 
Asthma is estimated to affect more than 339 million people globally.5 It imposes a substantial 

burden to affected individuals and their families, being the most common non-communicable 

disease in children. It affects the quality of life (QoL) of individuals and their 

parents/caregivers, impacting on activity levels, daily functioning, school and work 

productivity and absenteeism.6,7 With an increasing prevalence in many regions, the health and 

economic burden remain substantial.8-10  

 

Although asthma is known as a chronic airway problem, the large burden in children with 

asthma relates to acute/recurrent exacerbations or flare-ups. Indeed, acute asthma is one of the 

most common causes of children presenting to emergency departments (ED).8,11-13 In the 

United States of America (USA), 17.2% of children with asthma reported an ED or urgent care 

visit within the past 12 months.14 During asthma exacerbations, some are hospitalised but 

many are not. Despite the burden of asthma exacerbations, there is relatively little data on the 

determinants affecting the severity of acute asthma. This is a clinical research gap. Current 

likely factors include extrinsic determinants (e.g., access to health care and socioeconomic 

influences)15 and biological factors. Atopy16,17 and viral infections12,18,19 are also likely 

contributing factors. Asthma studies in children have described allergic sensitisation and risk 

of hospitalisation for acute asthma.20,21 Viruses together with allergen exposure likely increase 

the risk of hospitalisation with asthma.16,22 Thus, one of my studies (Chapter 3) is to examine 

whether the presence of viruses impacts on asthma recovery. 

 

The burden of asthma includes impaired QoL in the child and parents. A multicentre, 

prospective, observational cohort study conducted by the Unbiased BIOmarkers for the 
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Prediction of REspiratory Disease outcomes (U-BIOPRED) study group enrolled 282 children 

and adolescents with asthma or wheeze from respiratory and general paediatric clinics across 

Europe.23 The Paediatric Asthma QoL Questionnaire (PAQLQ) [school-aged children] and the 

Paediatric Asthma Caregiver’s QoL Questionnaire (PACQLQ) were used to assess asthma-

related QoL in this study.23 QoL was worse in children with severe preschool wheeze or severe 

asthma, including their caregivers. The majority of these children were atopic and poor control 

and airway obstruction were associations found.  

 

Another study24 reported that lower asthma severity (intermittent/mild) was associated with 

better QoL in children with asthma. Others have shown that the QoL of children with asthma 

is worse in association with worsening asthma severity and poor symptom control.25,26 The 

same group also suggested that the QoL of the family depends not only on asthma-related 

factors but also on non‐asthma related factors like poverty which play an even more significant 

role.27 Lower socioeconomic status of the family and exposure to household moulds may also 

contribute to a lower QoL.27 Another study28 reported better asthma control was related to 

better Paediatric Allergic Disease QoL Questionnaire (PADQLQ). The PADQLQ is a disease-

specific questionnaire which includes both asthma and rhinitis symptoms with good cross-

sectional and longitudinal validity.29,30 

 

1.3.1 Epidemiology and prevalence globally  

 
The prevalence of asthma varies widely globally, ranging from 0.2% to 21.0% in adults and 

from 2.8% to 37.6% in 6- to 7-year-old children.31 Approximately 8.4% of people in the United 

States have asthma as compared with 4.3% of the population globally.32 The average annual 

asthma prevalence in children is 9.5% compared with 7.7% in adults.32 Approximately 8.0% 

of the United States population reported having current asthma during 2016-2018, with 8.1% 

among children aged 0–17 years and 7.9% among adults aged ≥ 18 years.33 The asthma 

prevalence among children aged 0-14 years in Australia was estimated to be 10% in 2017-
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2018, similar to the general population (11%), with asthma being more common among boys 

(12%) compared with girls (7.9%).34 Asthma prevalence increases with minority, lower 

socioeconomic status and income groups.35 Epidemiological statistics report an increase of 

asthma worldwide, which means the economic burden of asthma is also on the increase.36 

 

1.4    Pathology and pathophysiology of asthma  

 
The pathophysiology of asthma has been widely studied and is highly complex. It includes 

host characteristics and responses to a variety of stimuli. A review of its complex mechanisms 

is beyond the remit of my thesis that focuses on clinical aspects of acute asthma exacerbations 

in children.  

 

In a simplistic summary, asthma is characterised by intermittent or chronic airway 

inflammation which leads to airway hyperresponsiveness, oedema and increased production 

of mucous within the airways. Like other atopic conditions, asthma is associated with T helper 

cell type-2 (Th2) immune responses. Triggers include allergens e.g., house dust mites, pollens, 

animal dander, etc. and non-allergens e.g., viral infections, environmental tobacco smoke 

exposure, cold air and exercise. Elevated levels of Th2 cells in the airways trigger the release 

of cytokines, which include interleukin (IL)-4, IL-5, IL-9 and IL-13, and promote eosinophilic 

inflammation and the production of immunoglobulin E (IgE). IgE production leads to the 

release of inflammatory mediators, such as histamine and cysteinyl leukotrienes, causing 

bronchoconstriction, oedema, and increased mucous secretion, leading to the symptoms of 

asthma.37 The inflammatory mediators and cytokines lead to the late-phase asthmatic response 

which cause progressive airway inflammation and airway hyperresponsivity.37 Frequent 

asthma exacerbations are associated with airway remodelling resulting in further decline in 

lung function and worsening airway obstruction in adults.38 Whether this is also applicable to 

children remains debatable.39,40 
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1.5    Diagnosis and aetiology of asthma  

 
1.5.1 Clinical features and diagnosis of asthma 

 
According to the Global Initiative for Asthma (GINA) 2021,41 asthma is a heterogeneous 

disease. The diagnosis of asthma is made based on a history of variable respiratory symptoms 

of cough, chest tightness, wheeze and/or shortness of breath together with evidence of variable 

expiratory airflow limitation.41 It is usually characterized by chronic airway inflammation. 

Spirometry assesses both airflow limitation and bronchodilator response. Airway 

hyperresponsiveness may be assessed by non-invasive bronchial provocation tests. Analysis 

of blood and induced sputum for eosinophilia and measurement of fractional exhaled nitric 

oxide (FeNO) may also assist in suggesting airway inflammation which is characteristic of 

some asthma phenotypes.42 However, currently these tests cannot be used to diagnose 

paediatric asthma.43 Despite the availability of these tests, there are still many potential 

drawbacks that can interfere with the correct diagnosis of asthma, especially in young 

children.44 

 

The “atopic march” starts in infancy as eczema, subsequently as allergic rhinitis and then in 

later childhood, as asthma.45 There is a male predominance in childhood asthma. After puberty, 

females have a higher risk of asthma.46 In contrast, adults have a more diverse pattern and 

many have co-existing comorbidities and associations e.g., obesity, gastroesophageal reflux, 

rhinosinusitis and nasal polyposis and tobacco smoking.47 Steroid-resistant asthma is more 

commonly seen in adults than in children.48 Adult-onset asthma with nasal polyps 

(eosinophilic type) without atopy is uncommon in children.48 Severe asthma is very rare in 

preschool children, in contrast to adults, whereby the majority of deaths due to asthma occur 

in adult-onset asthma. In addition, asthma in adulthood has a female predominance. 
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1.5.2 Aetiology of acute asthma 
 
 
In young children, respiratory viral infections particularly RV infection, can cause recurrent 

acute asthma exacerbations18 and/or recurrent wheezing.49-55 For many of these children, the 

recurrent wheezing episodes cease in later childhood but in some, asthma persists. In older 

children, recurrent asthma exacerbations with chronic interval symptoms on a background of 

atopy, are common.  

 

1.5.2.1 Viral and bacterial associations  

 
Viral infections are associated with wheezing illnesses in children. RV is commonly detected 

in children with asthma exacerbations, whereas respiratory syncytial virus (RSV) is the main 

agent causing bronchiolitis in infants. Young children who have wheezy illnesses with RV 

infections are at greatest risk for developing asthma.49 The interaction between viruses, 

genetics and environmental exposures increases the risk of progression to asthma. Major risk 

factors for more severe RV infections include allergy and asthma. Viruses in conjunction with 

allergens or atopic eczema likely increase the risk of hospitalisation16,22 or severe asthma.17 

 

Up to 80% of children with asthma exacerbations have viral infections detected.18 Although 

the presence of atypical bacteria (Mycoplasma/Chlamydophila) has been associated with 

unstable asthma,56-58 few studies have evaluated the impact of respiratory viral and atypical 

bacteria detection on acute asthma severity or symptom resolution during the recovery period. 

This is a clinical research gap which is addressed in this thesis. One study59 reported that viral 

infection symptoms were associated with poorer response to beta2 (β2)-agonists, while 

another60 reported that virus detection by polymerase chain reaction (PCR) did not impact on 

acute severity or resolution of asthma QoL61 and diary scale (ADS) scores,62 although the 

findings were limited to non-hospitalised children.  
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There is thus a knowledge gap in the impact of viruses and atypical bacteria in asthma recovery 

in children who present with asthma exacerbations. My PhD addresses this gap (Chapter 3). 

 

1.5.2.2 Other associations 

 
Other associations include outdoor air pollution, moulds, cigarette smoke, obesity, antibiotics, 

drugs e.g., paracetamol, histamine2 (H2) receptor antagonists; ryegrass pollens, pesticides and 

low physical activity.63 Perinatal factors include cigarette smoke and low birth weight.63 These 

factors are associated with probable increased asthma risk. The association between indoor 

exposures, especially aeroallergens, indoor air pollution, environmental tobacco smoke, and 

childhood asthma development and morbidity has also been established.64 

 

Triggers for recurrent episodes of wheezing and/or cough also include physical activity, or 

changes in weather.65 Thunderstorm-related asthma occurs when pollen grains are carried by 

thunderstorms at the ground level, releasing allergenic aerosols of pollens which can penetrate 

deep into the lower airways.66,67 Wheezing and coughing during laughing or crying, also 

suggest asthma.65 Non-allergenic triggers include active and passive smoking, meteorological 

changes, and occupational exposures. Air pollution levels have been linked with asthmatic 

symptoms, a reduction in lung function, and increased ED visits and admissions in hospital.68  

 

1.6 Assessing severity of acute asthma and risk factors for asthma 

exacerbations  

 
1.6.1 Assessing severity of asthma  

 
The severity of acute asthma is generally divided into 3 major categories: mild/moderate, 

severe and life-threatening.63 In the mild/moderate category, the child can walk/move around, 

and speak in whole sentences in one breath (or in phrases in a younger child) and peripheral 

oxygen saturation measured by pulse oximetry (SpO2) is > 94% in room air. In severe asthma, 
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the child will be unable to speak in sentences in one breath due to shortness of breath, will 

have obvious respiratory distress with use of accessory muscles of respiration including 

intercostal and subcostal recession or tracheal tug. The SpO2 is usually between 90-94% in 

room air. In life-threatening asthma, there may be reduced level of consciousness, cyanosis, 

exhaustion, poor respiratory effort with soft/absent breath sounds and the SpO2 is < 90%.  

 

1.6.2 Risk factors for asthma exacerbations  

 
The current literature has reported several risk factors associated with increased risk for asthma 

exacerbations. These include asthma exacerbations in the previous 12 months, other 

concurrent chronic lung disease, poor asthma control, previous intubation or admission to an 

intensive care unit due to asthma, ≥ 2 hospitalisations for asthma in the previous 12 months, ≥ 

3 ED presentations for asthma in the previous 12 months, recent hospitalisation or ED 

presentation for asthma in the last month, substantial use or over-use of short-acting β2-

agonists, abnormal spirometry findings, reversible expiratory airflow limitation on spirometry 

despite treatment, poor adherence to preventer and/or asthma action plan, incorrect inhaler 

technique for preventer, exposure to clinically relevant allergens and exposure to tobacco 

smoke.63 Allergies to foods, insects and medications and obesity are also risk factors. History 

of delayed presentation to hospital during flare-ups and history of sudden-onset acute asthma 

are also factors associated with increased risk of life-threatening asthma.63  

 

However, no paediatric studies had examined the influence of atopy on asthma morbidity (i.e., 

the recovery) following acute exacerbations when I started my PhD. As this information could 

be clinically useful and possibly inform future studies (e.g., prolonging corticosteroids in those 

at risk of relapse), one of my PhD aims was to evaluate this clinical research gap, as addressed 

in Chapter 3.  
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1.7    Treatment and management of acute asthma in children 

 
1.7.1 Brief overview of current treatment and management guidelines  

 
In the management of asthma in children, concepts are generally categorised into acute and 

non-acute asthma. In acute asthma, inhaled β2-agonists i.e., salbutamol are administered as 

initial bronchodilator treatment. In a child with a mild/moderate asthma exacerbation, 6 to 12 

puffs [100 micrograms (mcg)/actuation] of salbutamol (6 puffs in < 6 years, 12 puffs ≥ 6 years) 

via a metered dose inhaler (MDI) and spacer is the standard initial treatment.63 This can be 

repeated every 20 to 30 minutes (or sooner if needed) for the first hour if required.63 In severe 

asthma, nebulised salbutamol {2.5 milligrams [mg] (< 6 years) or 5 mg (≥ 6 years)} and 

ipratropium bromide [250 mcg (< 6 years) or 500 mcg (≥ 6 years)] should be administered.44,69 

This can be repeated every 20 minutes for the first hour and repeated at regular intervals (4 to 

6 hourly).44,63 The Australian National Asthma Council (NAC) guidelines63 suggest that 

salbutamol (6 to 12 puffs depending on age) and ipratropium bromide (4 to 8 puffs of 21 

mcg/actuation; 4 puffs in < 6 years and 8 puffs in ≥ 6 years) via a MDI and spacer can be 

administered (or nebulised if salbutamol is delivered via a nebuliser) in children with severe 

acute asthma. Other evidence based guidelines such as the GINA41 and British Thoracic 

Society44 asthma guidelines recommend the addition of nebulised ipratropium bromide in 

acute severe asthma if children are poorly responsive or refractory to β2-agonists. Oxygen 

should be commenced if SpO2 < 95%.63 In life-threatening asthma, nebulised salbutamol (2 x 

2.5 mg in < 6 years; 2 x 5 mg in ≥ 6 years) with oxygen should be administered 

continuously63,70 and ipratropium bromide added every 20 minutes in the first hour.44,63 The 

benefits of the addition of ipratropium bromide to β2-agonist in the ED are more apparent in 

the most severe patients.44,71  Immediate transfer to higher-level care should then to arranged.63 

Precautions should be taken in the use of nebulisers as they carry a high risk of transmitting 

viral infections due to aerosol droplets.41,63  
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Corticosteroids in the form of prednisolone 1 mg/kilogram (kg) to a maximum of 40 mg/day 

orally should be commenced within 1 hour of presentation (unless contraindicated).41 

Prednisolone can be given each morning for 3 days.44,63 Oral dexamethasone (0.6 mg/kg) can 

be used as an alternative and can be repeated the next day if required.41,63 If corticosteroids are 

not tolerated orally, hydrocortisone 4 mg/kg (maximum 100 mg) intravenously 6 hourly on 

the first day can be administered, followed by 12 hourly the next day and once daily on the 3rd 

to 5th day if needed or it can be switched to oral prednisolone.44,63 An alternative is 

methylprednisolone 1 mg/kg intravenously 6 hourly on the first day,41,63 then 12 hourly the 

next day, then once daily on days 3 to 5 or change to oral prednisolone.63 Inhaled 

corticosteroids (ICS) should not be used as a substitute for systemic corticosteroids.63  

 

In children with severe or life-threatening acute asthma, adding intravenous magnesium 

sulfate44,63,72 0.1–0.2 millimole (mmol)/kg (maximum 10 mmol) [25–50 mg/kg to a maximum 

of 2 grams (g)] diluted in a compatible solution as a single infusion over 20 minutes should be 

considered.  

 

In the ED, high-dependency or intensive care units, intravenous salbutamol can be considered 

in children with life-threatening asthma who have not responded to continuous nebulised 

salbutamol after considering other add-on options.44,63 Another third-line bronchodilator to 

consider in life-threatening acute asthma is intravenous aminophylline.44,63  

 

In the non-acute phase, a regular controller/preventer e.g., a low dose ICS or montelukast 

should be considered in order to manage symptoms and reduce the risk of serious 

exacerbations.41,63 Parents or caregivers should be cautioned about the potential adverse 

neuropsychiatric effects of montelukast.41,63 Stepping up treatment in those with persistent 

symptoms should be considered, after checking inhaler technique, adherence, persistent 

allergen exposure and addressing comorbidities.41 Stepping down treatment to the minimum 

effective dose to maintain good asthma control should subsequently be considered.41  
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The main goal of asthma management should be to achieve and maintain control i.e., to 

minimise and prevent acute asthma exacerbations, hence reducing risk of morbidity.  

Controller/preventer medications include ICS, long-acting β2-agonists (LABA) with ICS, 

leukotriene receptor antagonists (LTRA), long-acting muscarinic receptor antagonists and in 

highly selected individuals, monoclonal antibody (biological) agents. Recent biologics for the 

management of severe asthma such as anti-IgE (omalizumab), anti-IL-5 (mepolizumab, 

reslizumab and benralizumab), anti-IL-4/IL-13 (dupilumab) and anti-thymic stromal 

lymphopoietin (anti-TSLP) (tezepelumab) have been shown to reduce asthma exacerbations.73 

These biologics can reduce steroid-associated adverse events in the management of severe 

asthma. 

 

The primary goal of asthma control is to use the minimum doses of medications to achieve 

control of symptoms. Ongoing follow-up and monitoring are crucial and treatment may need 

to be adjusted from time to time. Improved follow-up and access to a physician as well as 

comprehensive education will likely reduce asthma readmission rates, which will in turn 

reduce the burden on affected individuals, the healthcare system and the economy. 

 

Current treatments available are highly effective and significant advances have been made in 

understanding underlying mechanisms causing asthma. In spite of this, considerable morbidity 

and mortality exist. Most asthma-related mortality occurs in lower income countries, and most 

asthma deaths are preventable. Improving access to health care and medications, and education 

regarding potential exposure to risk factors would likely reduce morbidity and mortality 

related to asthma. There is currently no cure for asthma but reducing or preventing asthma 

exacerbations and optimising management should be aimed for. 

 

A brief simplified overview of relevant bronchodilators is provided in the next section but a 

detailed review of asthma medications and their mechanisms of actions are beyond the remit 

of my PhD. Recent reviews of these medications are available elsewhere.74-83 
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1.7.2 Bronchodilator treatment in acute asthma  

  
Bronchodilators i.e., β2-agonists (salbutamol) should be given by inhalation with doses 

according to the age group of the child and the route of administration according to the severity 

of the acute asthma. For children who present with life-threatening asthma, ipratropium 

bromide should be added.  

 

Salbutamol is a short-acting β2-agonist and is used as a reliever in acute asthma. It is a selective 

β2-adrenoreceptor agonist which relaxes bronchial smooth muscle, stimulates mucous 

secretion and mucociliary transport in the respiratory tract. Ipratropium bromide is a 

muscarinic antagonist. It is an anticholinergic bronchodilator which works by relaxing 

bronchial smooth muscle. The concurrent administration of ipratropium bromide and a β2-

agonist produces a greater relief of bronchospasm than either medication used alone.84  

 

While using ipratropium bromide for moderate-to-severe asthma is now standard practice, at 

the time I commenced my PhD, there was no Cochrane systematic review on anticholinergic 

therapy for acute asthma in children. Thus, my PhD addresses this gap in Chapter 2. 

 

1.7.3 Prevention of acute asthma exacerbations     

 
Essential elements of prevention and reduction of asthma exacerbations include education of 

patients and their families, symptom and lung function monitoring, management of 

comorbidities, reduction of triggers and pharmacological therapy. Asthma intervention 

programs have been shown to prevent and reduce asthma readmissions and improve asthma 

control.85,86 Ensuring appropriate follow-up87 and access to appropriate medical care for 

children with asthma may reduce hospital readmissions.88  
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1.7.4 Treatment adherence and asthma education  

 
Suboptimal adherence to controller/preventer medication such as ICS is associated with 

morbidity and mortality. It can lead to poor clinical outcomes, increased hospitalisations and 

health care utilisation. Poor treatment adherence is thought to be multifactorial. Some of the 

factors leading to poor treatment adherence are potentially modifiable including access to 

health care, follow-up and medications. Effective monitoring and education can promote 

treatment adherence. A written personalised asthma action plan should routinely form part of 

the management plan. Parental/caregivers’ beliefs/misconceptions about medications can 

potentially be modified with ongoing education. Interventions targeting contributing factors 

may help improve treatment adherence. 

 

1.8    Recovery outcomes post-acute asthma exacerbations in children  

 
1.8.1 Factors associated with asthma relapse in children 

 
Several factors have been shown to be associated with asthma relapse in children. Possible 

determinants for asthma readmissions include a higher baseline asthma severity, history of any 

hospital admission in the previous 12 months and the use of ICS-LABA combination as 

maintenance treatment.89 

 

Poor access to physicians or medical care has also been shown to be associated with increased 

risk of readmissions for asthma.88 Another study showed that having had short-acting β2-

agonists within 6 hours before admission, the presence of chest retractions on physical 

examination, not being administered high-dose inhaled steroids and not being provided a 

written asthma plan on discharge, increased the risk of relapse within 7 days after treatment of 

the acute exacerbation.90 
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There are however limited data and part of my PhD candidature addresses this question in 

particular in relation to the presence of atopy on the acute severity and clinical recovery in 

children who present with an asthma exacerbation (Chapter 3).  

 

1.8.2 Parental/caregiver burden in the recovery phase after asthma exacerbations in 

children 

 
There is a need for better understanding and research into the unmet burden children with 

asthma and their families face following acute asthma exacerbations. There is limited research 

in this area despite the significance of asthma exacerbations and the resultant burden on 

children and their caregivers. 

 

The recovery phase following asthma exacerbations in children places an additional 

substantial burden on their parents/caregivers and families. This issue is elaborated in further 

detail in Chapters 3, 4 and 5. 

 

Acute asthma-related costs can be divided into direct, indirect and intangible costs.91 Direct 

costs include costs related to the management of the disease such as ED visits, hospitalisations, 

outpatient visits and medication costs. Indirect costs include lost school days, work 

productivity impairment of caregivers and loss of caregivers’ work days. Intangible costs 

include impairment of quality of sleep,92 school performance93 and involvement in physical 

activities, all of which contribute to reducing QoL. While cost is an important issue, my PhD 

work does not include economic costs.  

 

1.8.3 Patient-reported outcomes in asthma exacerbations in children   

 
An underappreciated issue in asthma is the morbidity post an acute exacerbation i.e., in the 

asthma recovery phase where many experience ongoing morbidity.94,95 Despite significant 

advances in asthma therapies, research gaps exist and need to addressed as a priority.  
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There are a number of validated patient-reported outcome (PRO) measures, and its use can be 

considered as important as objective measures.96,97 These PROs include QoL instruments such 

as the PACQLQ61 and the ADS.62 Other available validated PRO measures for respiratory tract 

infections (RTI) include the Influenza Symptom Severity Scale98 and Influenza Impact 

Wellbeing Scale in adults98 but there are few generic RTI tools in children. These instruments 

were developed for assessing influenza symptom severity and its functional impact. The short 

form Wisconsin Upper Respiratory Symptom Survey (WURSS)99,100 originally developed for 

use in adults (WURSS-21) was subsequently used in paediatric and adult patients in various 

clinical trials101-108 more recently. Another relatively well used PRO is the Canadian Acute 

Respiratory Illness and Flu Scale (CARIFS),109 a validated parental questionnaire developed 

to assess acute respiratory infection (ARI) severity and burden of illness to the parent/caregiver 

in children with ARIs.  

 

The PACQLQ61 consists of 13 items with responses for each item given on a seven-point scale, 

with 1 indicating severe impairment and 7 indicating no impairment. The overall score is 

derived from the average of all items, with a higher score indicating a better QoL. The ADS62 

score is the mean of four questions. The questions assessed the frequency and inconvenience 

of asthma symptoms, frequency of limitation during usual activities; and how often asthma 

symptoms limited ability to perform usual activities. The CARIFS109 scale is a parent-proxy 

questionnaire which comprises 18 items covering three domains; symptoms (e.g., cough), 

function (e.g., play), and parental impact (e.g., clinginess). Each item has a 4-point ordinal 

score; “No Problem”=0, “Minor Problem”=1, “Moderate Problem”=2, and “Major 

Problem”=3. Items could also be scored as “Don’t Know” or “Not Applicable”. The final daily 

accumulated score is derived from the addition of all the scores, resulting in a maximum score 

of 54 (worst possible health).  

 

Prior to my studies contained within my thesis, there was little data relating to the morbidity 

of asthma beyond the immediate acute phase. Given the importance of PRO measures, my 
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work includes using several patient-oriented and validated outcomes in children including the 

ADS62 and the PACQLQ,61 which measures the impairments due to limitations of daily 

activities and the anxieties/fears of parents/caregivers due to their child’s illness. Other tools 

available used included the validated cough diary scale110 to measure prolonged cough in the 

recovery phase in children with asthma exacerbations.111 Lastly, I also utilised the CARIFS109 

instrument to compare its utility with ADS62 scores to assess disease severity measure during 

the post asthma exacerbation recovery phase in children (Chapter 5).112 There is no other 

published data that has evaluated parent-reported outcomes relating to RTI (other than 

influenza)113 and asthma in children with an acute exacerbation.  

 

Other available PRO measures for use in children with asthma include the Asthma Control 

Questionnaire (ACQ)114 which measures the adequacy of asthma control and change in asthma 

control, Childhood Asthma Control Test (C-ACT)115, Asthma Control Diary (ACD),116 

PAQLQ117 and Mini PAQLQ.118  

 

1.9    Hypothesis and aims  

 
The overall aim of my thesis is to improve the knowledge of asthma in children relating to the 

management of acute exacerbations and appreciate and understand the post-acute exacerbation 

phase and its impact on parents/caregivers.  

 

My specific objectives and hypotheses are, to:  

1. Undertake a systematic review using Cochrane methodology to evaluate the 

effectiveness of inhaled anticholinergic drugs administered alone, compared to a 

control, in children with acute asthma over the age of 2 years (Chapter 2).  
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2. Evaluate the impact of respiratory viruses/atypical bacteria and atopy on the acute 

severity and clinical recovery in children with hospitalised and non-hospitalised 

asthma exacerbations.  

Hypothesis: Symptoms of asthma exacerbations are more severe and prolonged in 

children with a respiratory virus/atypical bacteria or atopy (Chapter 3). 

 
A secondary aim was to describe the point prevalence of respiratory viruses and 

atypical bacteria. 

 

3. Evaluate the determinants of prolonged cough on day 14 and PACQLQ on day 21 in 

hospitalised and non-hospitalised children with asthma exacerbations.  

Hypothesis: Following an acute exacerbation, children with more severe acute asthma 

are more likely to have a prolonged cough and/or poorer PACQLQ during the 

recovery phase (Chapter 4). 

 

4. Determine the relationship between three validated scores in children with acute 

asthma exacerbations; CARIFS, ADS and PACQLQ for 14 days, and examine the 

potential impact of viruses on the CARIFS scores. 

Hypotheses: During the recovery period in children presenting with acute asthma 

exacerbations, the CARIFS scores correlate with the ADS as a disease severity 

measure and inversely with the PACQLQ scores over time. In addition, viruses have 

little impact on CARIFS scores (Chapter 5). 

 

1.10 Thesis design  

 
Further gaps in knowledge and research were addressed within the chapters that described the 

findings. Chapter 2 comprises of a Cochrane review. It examines the role of anticholinergic 

therapy for acute asthma in children.  
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Chapters 3, 4 and 5 comprise data from a cohort asthma study, which explore specifically the 

determinants which increase the risk of asthma relapse and representation for medical care 

following an acute exacerbation, as well as the ongoing morbidity (e.g., prolonged cough 

and/or impaired QoL) beyond the immediate acute exacerbation phase.  

 

The final chapter (Chapter 6) is a summary and discussion of research findings and discusses 

future research directions.  

 

The appendix encompasses another Cochrane review performed and published during my PhD 

candidature. It evaluates the treatment of obstructive sleep apnoea (OSA) for chronic cough in 

children. The objective was to evaluate the efficacy of treatment of OSA leading to the 

resolution of cough in the management of children with chronic cough. This review was 

undertaken as I had initially planned to undertake a study evaluating asthma, OSA and cough 

in children. The proposed study became unfeasible when my work circumstances changed 

with relocation from Canberra to Brisbane.  
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1.11 Summary of Chapter 1  

 
The goals of asthma research should be prevention of its onset, optimisation of management 

including education of risk factors and correct use of delivery devices, treatment adherence, 

reduction in ongoing morbidity and improvement in the QoL of individuals and their families 

and ultimately cure of the disease.  

 

Much progress has been made in the field of asthma, ranging from mechanisms, treatments 

and measurement outcomes but many clinical research gaps remain. There is substantial 

research into the genetics of asthma susceptibility, severity and response to treatment 

(pharmacogenetics). Novel molecular targets in the pathogenesis of asthma with the genome 

wide association studies (GWAS) have significantly improved our understanding but only a 

small proportion of the heritability of asthma can be accounted for.119 Many biomarkers in 

asthma have been investigated and researched however only few so far are practical and used 

in clinical practice. Using a panel of biomarkers could improve the identification of asthma 

phenotypes and endotypes which in turn may predict a therapeutic response to biologic 

treatments.120 Biomarkers include blood eosinophils, serum IgE, serum periostin, sputum 

eosinophils and FeNO. These biomarkers all have limitations in clinical practice. 

Unfortunately, an ideal biomarker does not exist currently. Additionally, there is research into 

newer imaging modalities using quantitative computed tomography (QCT), which can 

estimate airway wall thickness and wall area percentages, thereby estimating airway wall 

remodelling. Air-trapping can also be calculated and together with remodelling, can be 

correlated with lung function and asthma severity.121 

 

In summary, despite substantial advances in asthma research, considerable clinical research 

gaps exist, especially those related to the acute asthma recovery phase in children. This thesis 

aims to fill gaps in knowledge in the understanding of the prolonged ongoing morbidity of 

children and their parents/caregivers following the immediate acute asthma exacerbation 
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phase, in an attempt to improve short- and long-term outcomes and reduce the burden of 

asthma on children and their families. 
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Chapter 2: Bronchodilators in acute asthma exacerbations in 

children  

 

2.1 Chapter overview 

 
This chapter addresses the use of anticholinergic therapy in acute asthma exacerbations in 

children. There was no Cochrane systematic review in this area at the time I commenced my 

PhD, hence I decided to undertake this to address this gap. There were few systematic reviews 

(not Cochrane) in children in this area comparing the addition of inhaled anticholinergic agents 

to β2-agonists with β2-agonists alone at the time but these studies did not compare the use of 

anticholinergic agents alone with β2-agonists or when used in combination with β2-agonists.122-

124  

 

Inhaled anticholinergics are bronchodilators. Current guidelines recommend the use of a 

combination of inhaled β2-agonists and anticholinergics, especially for patients with acute 

severe or life-threatening asthma.63 Ipratropium bromide is the most studied and widely used 

of anticholinergic agents. Ipratropium bromide has been used extensively in EDs as adjunctive 

therapy with β2-agonists for the emergency treatment of acute asthma exacerbations.41,69,125,126  

 

It is essential to establish separately the effectiveness of both agents over placebo when 

evaluating the therapeutic effect of an agent that may be used in combination with another 

agent. It is also important to compare the effect of combined agents over placebo and the single 

agents. It can then be determined if the individual agents have a therapeutic effect and if there 

is a synergistic effect from using the agents in combination.  

 

Section 2.2 is dedicated to a Cochrane Review that determined the effectiveness of inhaled 

anticholinergic agents administered alone compared to a control in children over the age of 2 
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years with acute asthma.127 Six studies met the inclusion criteria. The results showed that in 

children over the age of 2 years with acute asthma exacerbations, inhaled anticholinergics as 

single agent bronchodilators were less efficacious than β2-agonists. Inhaled anticholinergics 

were also less efficacious than inhaled anticholinergics used in combination with β2-agonists. 

Thus, inhaled anticholinergic agents alone are not appropriate for use as a single agent in 

children with acute asthma exacerbations. No significant side effects were found in association 

with the use of anticholinergic agents.  

 

This Cochrane Review has not been updated since its publication as the Cochrane Airways 

Group had advised that this was not necessary.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



43 
 

2.2 Cochrane review - Anticholinergic therapy for acute asthma in 

children  
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Chapter 3: Factors influencing acute asthma severity and 

recovery outcomes  

 

3.1 Chapter overview  

 
Many factors likely contribute to the severity of acute asthma on presentation and the recovery 

period in children. These include extrinsic determinants (e.g., access to services and 

socioeconomic influences)15 and biological factors.  

 

This chapter addresses the impact of respiratory pathogens (respiratory viruses and atypical 

bacteria) and atopy on the acute severity and clinical recovery in children who present with an 

asthma exacerbation. It aimed to examine the impact of respiratory viruses/atypical bacteria 

and atopy on the acute severity and clinical recovery in children presenting to EDs with acute 

asthma (hospitalised and non-hospitalised children). The hypothesis was that symptoms of 

asthma exacerbations are more severe and prolonged in children with a respiratory 

virus/atypical bacteria or atopy. The secondary aim was to determine the point prevalence of 

various respiratory viruses and atypical bacteria in 2 major Australian centres. At the time of 

this publication, no paediatric studies had examined the influence of atopy on asthma 

morbidity (i.e., the recovery) following acute exacerbations. 

 

3.2 Methods and study protocol 

 
The methods and study protocol outlined in this chapter also apply for Chapters 4 and 5. 

 

This dual-centre study was conducted at the Royal Children’s Hospital (RCH, Brisbane) 

between July 2009 and December 2010 and The Canberra Hospital (TCH) between January 

2010 and June 2011. Children aged 2-16 years presenting to the ED at RCH and TCH or those 
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hospitalised at RCH and TCH with an acute exacerbation of asthma were approached by a 

research nurse at each centre. Consent was obtained from the parent/caregiver.  

 

At recruitment, a standard clinical history and examination were undertaken and documented 

on a standardised data collection sheet, including questions specific for asthma (e.g., 

exacerbation frequency, medications) and for ARI symptoms (runny nose, fever, sore throat, 

cough, irritability, tiredness). An ARI was considered present if two or more symptoms were 

present at enrolment.128  

 

Asthma was defined as recurrent (more than two) episodes of wheeze and/or dyspnoea with a 

clinical response (decreased respiratory rate and work of breathing) to β2-agonist,129 as 

diagnosed by a doctor unrelated to this study. Asthma exacerbation was defined as an acute 

deterioration of asthma control requiring treatment with more than one dose (> 600 mcg via 

MDI and spacer/> 2.5 mg nebulised) of salbutamol in an hour. Exclusion criteria for the study 

were the presence of an underlying respiratory disease (e.g., bronchiectasis, tracheomalacia, 

or aspiration lung disease), children with wheezy episodes with no clinical response to β2-

agonist, those with severe asthma (requiring continuous nebulised/intravenous salbutamol, 

status asthmaticus), cerebral palsy/severe neurodevelopmental abnormality, 

immunocompromised state or those previously enrolled in the study. Children were managed 

by ED staff who were not involved in the study. 

 

Baseline asthma severity was determined using an Australian Functional Severity Scale (FSS) 

for paediatric asthma.130 Severity of acute asthma on presentation was categorised according 

to Acute Asthma Score131 and the then current Australian NAC (2006).132 Children were 

treated by doctors in accordance with the Australian NAC using a standardised protocol. The 

then current Australian NAC (2006)132 categorised children with acute asthma in 3 groups 

(mild, moderate, severe/life threatening), based on a combination of symptoms (speech 

limitation), signs (use of accessory muscle, pulse rate, conscious state, wheeze intensity, 
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presence of cyanosis) and investigations (oximetry, peak flow, spirometry). The enrolled child 

was categorised into the category according to the worse criteria; thus, a child who presented 

with an SpO2 of 92% (in moderate column) but had variable wheeze (in mild column) was 

categorised as moderate severity. The FSS developed in Australia categorises asthma severity 

that is reflective of the last 12 months.130 There are 4 categories (low, mild, moderate, severe) 

and the scoring system is based on the sum of 6 questions. 

 

A nasopharyngeal aspirate (NPA) was undertaken for PCR detection of viruses [RV, 

coronaviruses (-229E, -OC43, -NL63, -HKU1), polyomaviruses (KIPyV and WUPyV), 

human bocavirus (HBoV), human metapneumovirus (hMPV), adenovirus, parainfluenza virus 

(1, 2, 3), influenza virus (A, B) and RSV], Chlamydophila and Mycoplasma pneumoniae 

(Section 3.4 supplemental material), and treating doctors were unaware of the results. NPAs 

were collected in the standard clinical manner and immediately frozen at -80°C. Upon 

thawing, nucleic acids were extracted from 0.2mL of each NPA specimen using the High Pure 

Viral Nucleic Acid kit (Roche Diagnostics, Sydney, Australia), according to the 

manufacturer's instructions. PCR was undertaken at the Queensland Paediatric Infectious 

Diseases Laboratory, Brisbane. Monospecific PCR and reverse transcription PCR (RT‐PCR) 

method was used to detect RV, coronaviruses (-229E, -OC43, -NL63, -HKU1), 

polyomaviruses (KIPyV and WUPyV), HBoV, hMPV, Chlamydophila and Mycoplasma 

pneumoniae, whereas multiplex PCR and RT‐PCR was used to detect adenovirus, 

parainfluenza virus (1, 2, 3), influenza virus (A, B) and RSV. PCR‐positive state was defined 

as presence of ≥ 1 of the respiratory pathogens above detected by PCR. All these methods 

have been previously validated at the Queensland Paediatric Infectious Diseases Laboratory, 

Brisbane. 

 

Skin prick tests (SPTs) to six environmental allergens i.e., dust mite, cockroach mix, cat hair, 

Alternaria mould, grass pollen mix and couch grass (with positive and negative controls) were 

also performed. Children were considered atopic if a wheal ≥ 3 mm in diameter to any allergen 
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(above negative control) developed. Eczema (in the last 12 months) was self-reported using 

the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire. 

 

Baseline and weekly PACQLQ61 and validated daily ADS62 were recorded for 21 and 14 days, 

respectively. Follow-up phone calls occurred 24–48 hours after enrolment and on days 7, 14 

and 21 where PACQLQ and adverse events including unscheduled representations to a health 

facility were recorded. End points were exacerbation of asthma requiring corticosteroids, 

admission into hospital and/or at day 21 (whichever occurred first).  

 

The PACQLQ61 consisted of 13 questions with responses for each question given on a seven-

point scale, ranging from 1 (worst) to 7 (best).  The average score was taken. The higher the 

score, the better the QoL. The paediatric asthma diary (ADS)62 consisted of 4 daytime 

questions, each with a range of response categories from 0 to 6. Daily daytime scale scores 

were computed as the average of the 4 questions, thus providing a scale range of 0 to 6, with 

6 indicating the worst asthma symptom burden. 

 

Figure 3.1 is a flow diagram of the study protocol.  

 

Data collected on standardised sheets were entered into SPSS statistical package and statistical 

analysis was performed using the SPSS statistical package. The coding and entering of the 

data were carried out at TCH.  

 

Figure 3.2 demonstrates the flow diagram of children recruited into the study. 

 

  



87 
 

 

 

Figure 3.1: Flow diagram of study protocol 
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Figure 3.2: Flow diagram of children recruited into study 
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Section 3.3 consists of the published paper from this study.133 There were 244 children aged 

between 2 and 16 years who presented with an acute asthma exacerbation to the ED at the two 

hospitals who were recruited. The presence of any viruses is associated with asthma 

exacerbations but this study did not support my hypothesis that symptoms of asthma 

exacerbations are more severe and prolonged in children with a respiratory virus/atypical 

bacteria. This study did not show that atopy is associated with acute severity outcomes 

however, it supports my hypothesis that atopy is associated with asthma relapse and 

representations for asthma deterioration. 
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3.3 Journal article - Presence of atopy increases the risk of asthma relapse 
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3.4    Supplemental material  
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Chapter 4: Factors associated with prolonged cough and 

caregivers’ quality of life in acute asthma exacerbations in 

children  

 

4.1 Chapter overview  

 
This chapter further addresses the clinical research gap in understanding the recovery period 

in children presenting with acute asthma exacerbations. This chapter specifically addresses the 

determinants of prolonged cough and parental/caregivers’ QoL in children presenting with 

acute asthma exacerbations.  

  

In this chapter, I aimed to evaluate the determinants of (a) prolonged cough (daytime and 

nighttime cough diaries)110 on day 14 and (b) PACQLQ61 on day 21 following an acute asthma 

exacerbation in children. The hypothesis was that post an acute exacerbation, children with 

more severe acute asthma are more likely to have a prolonged cough (on day 14) and/or lower 

(i.e., poorer) PACQLQ (on day 21). 

 

The methods and study protocol were outlined in detail in Section 3.2. Children enrolled in 

this study were a subset of a previous cohort.133 One hundred and twenty‐five children returned 

the daytime cough diaries and 121 returned the nighttime cough diaries (Section 4.3 - 

flowchart in supplemental material). Two hundred and seventeen children returned the 

PACQLQ. 

 

Validated daily cough scales (daytime and nighttime)110 and ADS62 were recorded for 14 days 

and baseline and weekly PACQLQ61 were recorded for 21 days. Prolonged cough was defined 

as a cough score of ≥ 1 on day 14 on a prospectively collected diary card.110 The validated 

cough scale110 utilised a verbal descriptive score of daytime and nighttime cough. The daytime 
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cough scale ranged from 0 (no cough) to 5 (cannot perform most usual activity because of 

severe coughing) and the nighttime cough scale ranged from 0 (no night cough) to 5 

(distressing cough). A daytime cough score of 1 indicated cough for one or two short periods 

only. A nighttime cough score of 1.1 indicated cough when awake overnight only; a nighttime 

cough score of 1.2 indicated cough on going to sleep only (Section 4.3 supplemental material).  

 

The PACQLQ consisted of 13 items with responses for each item given on a seven‐point scale, 

ranging from 1 to 7, with 1 indicating severe impairment and 7 indicating no impairment 

(Section 4.3 supplemental material). The overall score was the mean of all items, with a higher 

score indicating a better QoL. 

 

Section 4.2 consists of the published paper from this study.111 This paper supports my 

hypothesis that following an acute asthma exacerbation, children with more severe acute 

asthma are more likely to have prolonged cough and poorer PACQLQ. I found that children 

on regular ICS were more likely to have a slower recovery from an acute asthma exacerbation 

with regard to prolonged cough and QoL. As severe acute asthma significantly impacts on the 

QoL of children and is a significant burden on the caregivers and their families, the association 

deserves further evaluation.  
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4.2 Journal article - Determinants of cough and caregivers' quality of life 

in paediatric asthma exacerbations  
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4.3 Supplemental material  
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Chapter 5: Parent-reported outcomes during the recovery 

period in children with asthma exacerbations  

 

5.1 Chapter overview  

 
This chapter addresses the clinical research gap in the use of parent-reported outcomes in the 

clinical care of children who present with acute asthma exacerbations and during their 

recovery period. There are a number of validated PRO measures, and its use can be considered 

as important as objective measures, especially in young children.96,97 These PROs include QoL 

instruments such as the PACQLQ61 and the ADS.62 The CARIFS109 is another validated 

parental questionnaire developed to assess ARI severity in children. 80% of acute asthma 

exacerbations in children are triggered by viral upper RTI.134 During an acute asthma 

exacerbation, the RTI and asthma symptoms overlap but also impact parental burden. To my 

knowledge, there is no published data that has concurrently evaluated parent-reported 

outcomes relating to both RTI (other than influenza)113 and asthma in children with an acute 

asthma exacerbation. Knowledge on these validated PRO may help future clinical research 

and clinicians understand the contribution of RTI to asthma symptoms. 

 

The objective of this study was to evaluate the relationship between the CARIFS scores and 

(a) ADS scores (b) PACQLQ scores over 14 days. I also determined the effect of a broad panel 

of respiratory pathogens on the CARIFS scores.  

 

The methods and study protocol were outlined in detail in Section 3.2. Children included in 

this study were a subset of a previous cohort (108 of 244, 44.3%).111,133 In this study, validated 

CARIFS109 was recorded daily for 14 days. The CARIFS109 scale is a parent-proxy 

questionnaire comprising of 18 items covering three domains; symptoms (e.g., cough), 

function (e.g., play), and parental impact (e.g., clinginess). Each item has a 4-point ordinal 
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score (0–3) [Section 5.3 supplemental material]. The final daily accumulated score is derived 

from the addition of all the scores, resulting in a maximum score of 54 (worst possible health).  

 

ADS62 was recorded daily for 14 days.  The ADS score was the mean of four questions.62 The 

questions assessed the frequency and inconvenience of asthma symptoms, frequency of 

limitation during usual activities; and how often asthma symptoms limited ability to perform 

usual activities (Section 5.3 supplemental material). The mean ADS score can range from 0 to 

a maximum of 6, indicating the worst level of symptom burden.  

 

Baseline and weekly PACQLQ61 were recorded for 14 days. The PACQLQ61 consisted of 13 

items (Section 5.3 supplemental material). The higher score the score, the better the QoL. The 

mean PACQLQ scores can range from 1 (poorest QoL) to a maximum of 7 (highest QoL). 

 

Section 5.2 consists of the published paper from this study.112 This paper supports my 

hypothesis that in children with acute asthma, CARIFS scores correlate well (positive 

correlation) with ADS scores and PACQLQ scores (negative correlation) over time and that 

PCR-virus state has little impact on CARIFS scores. However, as the CARIFS questionnaire 

is more time-consuming to complete for parents/caregivers, I concluded that the ADS may be 

used as an alternative in selected situations and that CARIFS as an outcome measure in clinical 

studies of children with acute asthma reflects different aspects to acute asthma severity and 

QoL.  
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5.2 Journal article - How does the Canadian Acute Respiratory Illness 

and Flu Scale relate to other scales in paediatric asthma exacerbations? 
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5.3 Supplemental material  
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Chapter 6: Discussion and Conclusion  

 

6.1 Thesis overview  

 
Asthma exacerbations add to the overall burden of asthma. Asthma exacerbations are a major 

cause of morbidity in children with asthma135 and remains one of the main causes of 

hospitalisation in children.91 The number of outpatient visits as well as the number of visits to 

the ED is higher in children with asthma than in those without asthma.136 This has wide-

ranging implications for affected children and their families and also significant healthcare 

and economic costs. While there are developments and progress in asthma medications, 

clinical knowledge gaps remain, as outlined in Chapter 1.  

 

Understanding the reasons and risk factors of children who have repeated asthma 

exacerbations and those with ongoing and/or prolonged morbidity beyond the immediate 

phase may lead to a reduction in the strain on healthcare resources and utilisation, i.e., direct 

costs (hospital, outpatient and medication costs), as well as indirect costs (missed school and 

work for parents/caregivers)137 and an improvement in the QoL (including social,92 physical 

activities91 and sleep quality92) of these children and their families.  

 

The overall aim of my thesis was to improve the knowledge of asthma in children relating to 

acute exacerbations, with an emphasis on the post-acute exacerbation phase where little data 

existed before my PhD work. This final chapter summarises my main PhD findings along with 

important limitations and suggestions for future research work. The chapter finishes with the 

final conclusion from this thesis. 
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6.2 Main study findings and its significance  

 
The introduction section of my thesis described the knowledge gaps about asthma 

exacerbations in children, especially pertaining to the determinants of ongoing morbidity 

beyond the acute phase and clinical recovery in children with hospitalised and non-hospitalised 

asthma exacerbations. My thesis has highlighted these possible determinants and has described 

the onerous burden on the affected children and their parents/caregivers, which is increased 

during an asthma exacerbation. The studies also described the point prevalence of respiratory 

pathogens and its impact on acute asthma severity and recovery. It has also demonstrated the 

utility of validated PROs including the ADS, cough diaries, PACQLQ and CARIFS in children 

presenting with an acute asthma exacerbation.  

 

A Cochrane systematic review was undertaken as part of my thesis in Chapter 2. The review 

examined the effectiveness of inhaled anticholinergic drugs administered alone, compared to 

a control, in children with acute asthma. In this Cochrane review, six studies were included. 

The evidence showed that inhaled anticholinergic agents were not appropriate for use as a 

single agent in children over the age of 2 years with acute asthma exacerbations. The review 

also concluded that inhaled anticholinergics used in combination with β2-agonists were more 

efficacious than inhaled anticholinergics.127 

 

A dual-centre study in two Australian states/territories involving children who presented with 

an acute asthma exacerbation was conducted and discussed in detail in Chapters 3, 4 and 5. In 

Chapter 3, I have shown that asthma exacerbations are commonly associated with viruses but 

their presence does not impact on clinical recovery. I have also shown that the presence of 

atopy increased the risk of representation for asthma deterioration in children.133 Further, I 

demonstrated that Chlamydophila and Mycoplasma pneumoniae are rare triggers of acute 

asthma exacerbations in young children.  
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My findings above were discussed in light of available data at that point in time in the 

published paper.133 Since then, other data have emerged. A population-based cohort study also 

described that children and adults with atopy had an increased relative rate of asthma 

exacerbations.138 Allergy appears to be a major risk factor for developing virus-induced 

exacerbations of asthma.139 The interaction between viral lower RTI and atopic sensitisation 

has been recognised as a significant factor contributing to, not only the development of asthma 

but also, exacerbations.139,140 Respiratory viral infection, allergen sensitisation,141,142 and 

eosinophil inflammation are known risk factors for acute wheezing. Atopy may be a 

predisposing risk factor for a heightened response to acute infections with RV.141  

 

Collectively, the implications of Chapter 3’s findings on clinical practice are that children with 

atopy need to be monitored closely post-acute asthma exacerbation for ongoing symptoms and 

their medications reviewed and adjusted accordingly. This should include careful 

consideration of commencing regular ICS prior to discharge from the ED or hospital and 

minimising the risk of viral infections, with the aim of reducing the risk of asthma relapse. 

These data have contributed further to the understanding of the determinants of representation 

for asthma deterioration and representation in children presenting with an acute asthma 

exacerbation. 

 

Chapter 4 consists of a published paper showing that children on ICS were more likely to 

experience ongoing morbidity (i.e., prolonged cough) following an acute asthma exacerbation 

and poorer QoL. In addition, younger aged children, those on LTRA and those who had an 

unplanned visit for asthma on day 21 had poorer PACQLQ on day 21.111 In those children on 

ICS, a slower recovery may represent a marker of asthma severity or control, however, the 

association with prolonged cough, requires further evaluation as severe acute asthma has a 

substantial impact on the QoL of children and their families. In those children on LTRA, a 

poorer QoL may represent a marker of asthma severity or control. In those who are of younger 

age, a poorer QoL may be related to the concern or uncertainty experienced amongst 
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parents/caregivers of younger children more frequently than those of children of older age. 

These findings suggest that those children who are at risk of slower recovery from an acute 

asthma exacerbation, in terms of prolonged cough and/or QoL, may be targeted with more 

intensive asthma treatment at initial presentation, in an attempt to reduce the recovery time 

from an acute asthma exacerbation and improve the QoL of the child/family. These at-risk 

children should also be followed up closely following presentation to the ED or hospitalisation 

for an acute asthma exacerbation.    

 

Chapter 5 discusses the overlap of RTI and asthma symptoms during an acute asthma 

exacerbation and highlights the substantial burden on parents/caregivers during both the acute 

period and beyond the immediate acute period. In this chapter, I demonstrated that the CARIFS 

scores, a parental questionnaire used to assess ARI severity in children, correlated well with 

ADS scores during the recovery period in children who presented with acute asthma and that 

viral detection did not influence the CARIFS scores. I also found that the CARIFS scores 

negatively correlated fairly well with PACQLQ scores.112 Considering that the CARIFS 

consists of 18 items, in comparison to the ADS which consists of only 4 questions, the ADS 

may be a more desirable questionnaire to utilise, especially keeping in mind the 

parental/caregiver burden already involved in caring for an unwell child with asthma. This 

study has shown the utility of the CARIFS in children with asthma exacerbations. This chapter 

explored this important area and revealed the significant burden of illness, especially during 

an asthma exacerbation, on the parents/caregivers of children with asthma. These findings 

suggest that the management of asthma, particularly during the exacerbation and recovery 

phase, could be substantially improved. Clinicians need to be better informed of the impact of 

the burden on parents/caregivers, hence appropriate counselling to the individual 

parent/caregiver of those children at risk, can be provided in order to alleviate the burden 

where possible, and improve the management of children with asthma. 
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Collectively, the findings described above have shown that despite the fact that the majority 

of children who present with asthma exacerbations have viral infections detected, this had little 

impact on symptom resolution during the recovery period. Atopy is a risk factor in asthma 

deterioration and this has important implications for treatment and prevention of asthma 

exacerbations. The importance of PROs must be appreciated and integration of these tools into 

clinical practice should occur. This information could aid in identifying the children who are 

at risk of asthma deterioration and those who may experience prolonged morbidity post asthma 

exacerbation. 

 

6.3 Limitations of the thesis 

 
The cohort study (which provided data for Chapters 3 to 5) was undertaken several years ago 

and asthma guidelines and classification have changed over the years. However, the study 

findings are still relevant. The limitations for each published paper were stated within the paper 

contained in the respective chapter but these are collectively highlighted below.  

 

First, bacterial infection was not examined in the study. It is possible that children with 

bacterial infections may have a more prolonged recovery period from an acute asthma 

exacerbation. It has been documented that bacterial colonisation of the airways with 

Streptococcus pneumoniae, Haemophilus influenzae or Moraxella catarrhalis, in 

asymptomatic neonates was associated with increased risk of a first wheezy episode, persistent 

wheeze, acute severe exacerbation of wheeze, hospitalisation for wheeze, and development of 

asthma by 5 years of age.143 Children with asthma also have a higher risk of pneumococcal 

infections than children without asthma.144-146 I did not examine lower airway bacterial 

infections, as it requires invasive bronchoscopy (and thus general anaesthesia), which is not 

ethically possible. Undertaking induced sputum was also not feasible in the context of the 

cohort. 
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Second, my study was limited to clinical matters and I did not evaluate possible mechanisms 

underlying the higher risk of relapse in children with atopy. Inclusion of mechanistic studies 

(e.g., cellular pathobiology pathways and assessing omalizumab treatment in children with 

atopy)147-150 and addressing if the children were also exposed to more allergens in their home 

environment would have strengthened the novelty of these findings. 

 

Third, the PROs based on parent/caregiver-reported symptoms and QoL were subjective 

measures. While PROs are undoubtedly important and increasingly appreciated,151 a 

concurrent objective marker (e.g., lung function data) would have strengthened the findings. 

A combination of both subjective and objective scores (e.g., cough frequency) would have 

been beneficial to fully assess the relationship between asthma severity and cough outcomes.  

 

Fourth, a definite diagnosis of asthma may be challenging and difficult in preschool children 

aged ≤ 5 years, as recurrent wheezing in children in this age group may not be asthma.41 

However, I excluded preschool children with wheezy episodes or exacerbations with no 

clinical response to β2‐agonist in the cohort study. A careful clinical assessment including 

identifying triggers of wheezy episodes and a history of allergy or eczema, was also 

undertaken.  

 

Fifth, whilst 244 children were recruited in the cohort, it is possible that the sample size was 

too small with Type 1 errors when associations were not found. This is specifically important 

in my study where PROs i.e., cough diaries, CARIFS, ADS and PACQLQ, over time were 

evaluated, as there was a reduction in the completion rate of the diary cards used.111,112,133 Also, 

while the cohort was recruited from 2 hospitals from different states/territories and with 

different acuity (one was a specialist children’s hospital and the second, a general hospital), 

the inclusion of more centres would have also strengthened my studies. 
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Finally, all data were parent-reported and adherence to medications were not collected, which 

may influence the recovery period. I also did not collect economic data or a more 

comprehensive health utilisation data. Availability of economic data could potentially inform 

public policy. 

 

In addition to the specific limitations relating to the 4 published works,111,112,127,133 my initial 

PhD plan included undertaking a prospective study relating asthma, OSA and chronic cough. 

Thus, I undertook the Cochrane review on treatment of OSA and chronic cough in children152 

as part of my thesis. However, change in personal circumstances including relocation 

interstate, did not allow me to complete the planned additional work.  

 

6.4 Future research  

 
While studies within this thesis have addressed the clinical research gaps described in Chapter 

1, many questions remain. Some of these are discussed briefly below.  

 

6.4.1  Improving the management of children with asthma  

 
Data from this thesis have shown that atopy is a risk factor for asthma relapse in children. 

Future research should focus on clinical implications and prediction for asthma relapse. This 

research could look at the exposure to more allergens in the home environment. A future study 

could be a randomised controlled trial looking at whether a longer course of corticosteroids in 

children at risk of asthma relapse may reduce this risk. The adverse effects of a longer course 

of corticosteroids should be accounted for and balanced with potentially improved morbidity, 

reduction in school absenteeism and lost work days for parents/caregivers and improvement 

in QoL. This potentially could also have a significant impact on healthcare utilisation, in terms 

of both cost and resources.  
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6.4.2  What are the long-term consequences of children with acute asthma?  

 
This thesis discussed the ongoing morbidity of children and their parents/caregivers beyond 

the immediate phase following an acute asthma exacerbation (Chapters 3, 4 and 5). My PhD 

work covered the immediate period i.e., 21 days post-acute asthma exacerbation. Determining 

the long-term clinical outcomes is of utmost importance. To address this clinical research gap, 

a study on the long-term follow-up of children who present with an acute asthma exacerbation, 

may inform clinicians and help reduce the burden of asthma on children and their families. 

This should be supported by data relating to adherence to medications, which could impact on 

clinical recovery.  

 

6.4.3  What patient-reported outcomes predict acute asthma severity and quality of 

life?  

 
In my study, I found that the CARIFS and ADS scores correlated well as a disease severity 

measure during the recovery period in children with acute asthma. The CARIFS also correlated 

fairly well with PACQLQ scores in children with acute asthma. Further studies looking at 

these PRO measures in asthma studies in children would be useful as it could inform clinicians 

if the ADS may be used an alternative tool, especially as it is a shorter questionnaire for 

parents/caregivers to complete daily while they are caring for their child who is unwell.  

 

In addition, further studies looking at adherence to medications after discharge from the ED 

or hospital following an acute asthma exacerbation in children would be important in order to 

confirm my findings on risk factors and outcomes including QoL. 
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6.4.4  What are the risk factors for prolonged cough in children with acute asthma 

exacerbations? 

 
Data from this thesis have shown that children on ICS take longer to recover from an acute 

asthma exacerbation i.e., had prolonged cough, hence further studies looking at this association 

should be undertaken, e.g., whether more intensive asthma treatment at initial presentation 

could reduce the recovery time from an acute asthma exacerbation in those who were on ICS.  

 

It has been documented that corticosteroids suppress host immune responses, thus enhancing 

respiratory viral infections.153 It has also been documented that ICS may be associated with 

increased risk of lower respiratory infections in adults with asthma.154 An observational 

study155 reported an increase in oropharyngeal carriage of Streptococcus pneumoniae in 

children with asthma taking ICS compared with age-matched controls. Damaged airway 

mucosa and use of ICS in asthma together may increase carriage, biofilm formation and 

carriage density, resulting in an increased risk of pneumonia in asthma.156,157 Although the 

prospective asthma study in this thesis explored the association of respiratory viruses/atypical 

bacteria with asthma exacerbations, future studies should include examination of lower airway 

bacterial infections, which if present, could prolong the recovery period from an acute asthma 

exacerbation. These children who have bacterial infection could then potentially be targeted 

with early antibiotic treatment, on presentation with acute asthma. 

 

In addition, chronic cough may be due to different aetiologies. OSA may cause chronic cough 

in children.158,159 There are few data evaluating OSA and chronic cough in children.152,160 As 

asthma, OSA and cough are interrelated, future research in this area, specifically in the effect 

of treatment of OSA on chronic cough in children would be beneficial.152,160 Validated 

subjective data (including QoL and cough diaries) supported by objective data (such as cough 

frequency) should be utilised.  
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6.5 Final conclusions  

 
The long-term consequence of acute asthma exacerbations and the recovery phase in children 

is important for children and their families as well as a considerable public health issue. 

Asthma is a common illness and a chronic respiratory disease which disproportionately affects 

children. Children with asthma imposes a substantial burden on the healthcare system, both in 

terms of resource utilisation and costs.161 Other costs include lost school days, lost work days 

and reduced work productivity of parents/caregivers. Impairment of quality of sleep,92 school 

and academic performance93 and involvement in social and physical activities, also contribute 

to poorer QoL.162 

 

The studies presented in my thesis have contributed to the current literature by highlighting 

the risk factors for prolonged morbidity and determinants associated with asthma deterioration 

following an acute asthma exacerbation in children. There is no doubt that persistent symptoms 

beyond the presentation or hospitalisation following an acute asthma exacerbation are 

common and impact significantly on parental/caregiver burden and the QoL of the children 

and their families. Identifying the factors involved in acute asthma exacerbations and the 

recovery phase in children is important to optimise clinical management in order to reduce the 

burden on the child and parent/caregiver, improve future respiratory health and prevent 

potential impairment in airway development and reduction in lung function.8 
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A.1   Cochrane review - Treatment of obstructive sleep apnoea for chronic 

cough in children  
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