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ABSTRACT 
Background: A knowledge translation (KT) gap between evidence 

and action exists in asthma care and this gap may explain the suboptimal 

quality of care and poor health outcomes after asthma exacerbations. 

While recently published and widely disseminated asthma guidelines have 

highlighted the essential role of individualized patient-centered 

approaches, the following elements of high-quality care have not been well 

described or deployed: patient education components and key care 

partnerships; strategies targeting the sustained implementation of various 

recommendations; and methods to facilitate the transitions in care 

between the emergency department (ED) and community-based follow-up 

with primary care providers (PCPs). 

 Methods: The Graham and Straus knowledge to action (KTA) model 

was used to facilitate and accelerate the use of high-quality asthma 

evidence into practice settings. Seven steps were followed to support the 

design, evaluation and implementation of opinion leader (OL) and care 

manager (CM) -based interventions generated in the ED and directed at 

community-based PCP and patients, respectively. 

Results: 1-2) Potential solutions that could help address a problem 

(Chest. 2015;147:140-9) were targeted through the following research 

question: In adult patients with acute asthma discharged from the ED, will 

ED-directed interventions reduce relapses and improve outcomes 

compared to usual care (UC)? 3) A systematic review of the literature 

provided conclusive evidence to support the consideration of ED-directed 
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educational interventions targeting either adult patients or providers as 

effective strategies to increase PCP follow-up visits after asthma 

exacerbations; 4) Surveys and focus groups involving patients and PCPs 

helped refine the study interventions to account for local context and 

identify potential barriers for implementation. 5) Using randomized 

controlled trial methods, patients were allocated to receive UC (including 

notification to their PCP of their ED visit), personalized OL-letters faxed to 

their PCPs (PF; identifying gaps in care and providing guidance on 

ambulatory management) or OL and patient education by an asthma CM 

within a week of being discharged from the ED, in an incremental 

approach. A significant increase in the proportion of PCP follow-up visits 

within 30 days occurred in the intervention arms when compared to UC; 

however, this effect was attenuated by 90 days. The interventions did not 

improve patient-oriented outcomes such as relapses, quality of life and 

hospitalization; results were counterintuitive and overtreatment was 

documented at the PCP follow-up visits. 6) Traditional and non-traditional 

dissemination methods helped make research results available and more 

useful to stakeholders. 7) Determinants and strategies for the sustained 

application of this new knowledge were identified and proposed. 

Conclusions: The use of a KTA conceptual framework favored a 

reflective and synergistic research process with the engagement of 

potential end users and the use of high-quality research methods. The 

costs required to implement these multifaceted and tailored ED-directed 
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interventions would not be warranted given the negative effects on patient 

oriented health outcomes. Regardless of the results of the comparative 

effectiveness research, the interpretability of the overall conclusions were 

facilitated by the previous contact with the practice environment. 
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1 ASTHMA IN THE ADULT POPULATION 

1.1 Definition 

Asthma is a chronic respiratory disorder characterized by 

intermittent episodes of shortness of breath, wheezing, chest tightness, 

sputum production and coughing, particularly at night or in the early 

morning. Chronic inflammation of the airways, hyper-responsiveness to 

endogenous or exogenous triggers and variable airflow limitation are the 

key pathophysiological features of asthma; which are often reversible 

either spontaneously or with treatment.1, 2 

1.2 Epidemiology and costs 

According to the 2014 Global Asthma Report, asthma affects more 

than 300 million people worldwide; the World Health Organization (WHO) 

estimates this number will increase by more than 100 million by 2025.1, 2 

Asthma is a serious public health problem in all countries regardless of 

their level of development; it represents a significant social and economic 

burden to individuals, families and health care systems.3, 4 In North 

America, asthma affects 7-10% of the adult population; the prevalence of 

diagnosed asthma in Canada and the United States (US) is amongst the 

highest in the world both for adults and children.2, 5 According to Statistics 

Canada, 8.1% of the population (aged 12 and over) reported they had 

been diagnosed as having asthma by a health professional in 2014, an 

estimate that differs between females and males (9.2% vs. 7.0%) and that 
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has generally increased over the last 20 years.6 Asthma has been 

identified as one of the leading causes of work absenteeism.3 Asthma 

costs have not been directly assessed across Canada since the nineties;7 

however, conservative estimates suggest that the annual medical and 

non-medical costs of asthma in Canada rose from Canadian(C)$504 

million in 1990 to C$2.2 billion in 2010, and that this number could 

increase to C$4.2 billion by 2030.8 Annually, 146,000 visits to emergency 

departments (EDs) are related to asthma exacerbations in Canada9 and 

acute care costs represent about 25% of the annual estimated 

expenditures.10 Asthma exacerbations and the level of asthma control 

have been associated with increased resource utilization and health care 

costs.11  

1.3 Factors that influence the expression of asthma in adulthood 

Asthma commonly presents during childhood; however, in some 

instances it starts later in life. Some clinical presentations (e.g., no-self-

report of asthma in adult life with parent-report of childhood asthma or 

long-standing periods of time with no symptoms/medication in patients 

who have been diagnosed with asthma) have opened a debate about 

potential remissions of this respiratory condition;12 however, several 

studies have demonstrated the presence of ongoing inflammation despite 

the absence of symptoms.13, 14 The earlier the diagnosis of asthma is 

made and anti-inflammatory management is started, the better the long-

term prognosis.15 Although deaths occur from asthma, these events are 
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extremely rare in Canada and usually result from co-morbid conditions or 

poor chronic asthma control.16-19  

Factors involved in the expression of asthma could be categorized 

into host factors (primarily genetic) and environmental factors (Table 1-1). 

Some of them are unavoidable and the mechanisms whereby they 

influence the expression of asthma are interactive.20, 21 Regardless of their 

nature and complex role in the expression of asthma, their identification 

and avoidance is a critical component of successful asthma management. 

1.4 Underlying mechanisms of asthma 

Over the past two decades, the pathophysiology of asthma has 

advanced considerably. Asthma is now considered a chronic, 

immunologically mediated condition with disturbance of the normal airway 

repair mechanism.22-24 The interactions between environmental factors 

and genetic susceptibility are key determinants in the development and 

propagation of pro-inflammatory, fibro-proliferative and remodeling 

responses in asthma. In addition, dynamic interactions between the innate 

and acquired immune systems have been clarified, proving new insights to 

the role that inflammatory cells (e.g., basophils, mast cells, dendritic cells, 

T lymphocytes, eosinophils and  neutrophils) and structural elements of 

the airway (e.g., epithelium, smooth muscle and endothelium) play in the 

in the clinical manifestations of asthma, particularly in the development of 

exacerbations.25, 26 Airway narrowing is the common pathway leading to 

asthma symptoms and hyper-responsiveness is the typical physiological 

 3 



response. The understanding of the pathophysiology of asthma has had 

important implications on its treatment targets; the current goal of asthma 

management is mainly reduce exposure to antigenic triggers and control 

airway inflammation.  

1.5 Diagnosis 

The diagnosis of asthma relies on the combination of a compatible 

clinical history, physical examination, and objective measures of lung 

function.  

1.5.1 Clinical history:  

While there is no unique pattern, history of respiratory symptoms 

such as shortness of breath, wheezing, chest tightness, sputum 

production and cough (usually since childhood); personal/family history of 

atopy or allergies; exposure to triggers (e.g., aeroallergens, viral upper 

respiratory infections); and comorbid conditions (e.g., rhinitis, 

gastroesophageal reflux disease [GERD]) are helpful guides.  

1.5.2 Physical examination:  

When quiescent, routine physical examination of patients with 

asthma may be remarkably normal. When symptoms are persistent, 

physical examination (e.g., vital signs, observation and chest auscultation) 

may confirm the presence of airflow limitation; signs such as difficulty 

breathing and speaking, cyanosis, hyper-inflated chest and use of 
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accessory muscles and intercostal recession vary depending on asthma 

severity. 

1.5.3 Lung function tests:  

Spirometry and peak expiratory flow (PEF) measurements are the 

most readily available and useful tests for the diagnosis and monitoring of 

asthma.27, 28 Spirometry measurements such as the forced vital capacity 

(FVC), the forced expiratory volume in the first second (FEV1), their ratio 

(FEV1 /FVC), and the PEF are particularly relevant either as baseline 

indicators or as pre/post bronchodilator indicators (e.g., administration of 

short-acting β2- agonist [SABA] by meter-dose inhaler [MDI]) of 

reversibility of the airway obstruction.1 These values can be reported as 

absolute measures or percentage of predicted. Predicted values of FEV1, 

FVC and PEF based on age, sex, race and height have been obtained 

from population-based studies; these values help judging whether a given 

value is abnormal or not. 

A reduced FEV1/FVC (<70%) with 12% degree of reversibility in 

FEV1 and/or >200 ml from the pre-bronchodilator PEF value, is generally 

accepted for the diagnosis of asthma (greater confidence if increase is 

>15% and >400 ml). Nevertheless, some patients won’t exhibit reversibility 

of their airflow obstruction (especially those experiencing an acute severe 

episode, those who are controlled and receiving treatment, or those with 

airway remodeling) and repeated testing at different visits (e.g., diagnosis 

is confirmed if there is an increase in FEV1 >12% and >200 ml from 
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baseline after four weeks of treatment, outside respiratory infections) or 

bronchial challenge testing (methacholine/histamine/mannitol challenge 

tests) may be required. Because race, age and co-morbid conditions may 

influence FEV1 values, the FEV1 /FVC ratio is usually preferred for the 

assessment of airflow limitation. The FEV1 /FVC ratio is normally greater 

than 0.75 to 0.80; any value lower than these suggest asthma; however, 

alternative diagnoses should always be considered and ruled out (e.g., 

chronic obstructive pulmonary disease [COPD], asthma and COPD 

overlap syndrome [ACOS], pneumonia, viral upper respiratory infection 

[URI], etc). 

While more practical, PEF measurements are not interchangeable 

with other airflow measures such as the FEV1. Factors such as device-

dependent variability and the wide range of predicting values limit their 

utility for “between-persons” comparison; measurements should preferably 

be compared to the patient’s own previous/best measurements (e.g., 

asymptomatic or on full treatment) using the same device. More than 10% 

average diurnal variation in twice-daily PEF over two weeks or ≥20% 

improvement after bronchodilator or repeated testing (e.g., baseline after 

four weeks of treatment, outside respiratory infections) suggests the 

diagnosis of asthma. Peak expiratory flow daily readings can help 

monitoring the effect of environmental triggers at home, at the workplace, 

during exercise and even during periods of no symptoms; which can help 

clarifying the role of such exposures.  
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Both spirometry and PEF are effort-dependent measures. 

Therefore, the quality and reliability of the information provided by these 

tests depends on the instructions given to patients such as how to perform 

the forced expiratory maneuvers and what to record (highest of three 

reproducible recordings [no more than 5% variation among them]). 

For patients with symptoms compatible with asthma but no clear 

diagnosis with conventional spirometry or PEF, the bronchial challenge 

tests are useful; a positive methacholine/histamine/mannitol challenge (fall 

in FEV1 from baseline ≥20% for the first two and ≥15% for the last one 

[with standard doses and procedures]) or exercise challenge (fall in FEV1 

from baseline 10-15%) may help establishing the diagnosis of asthma. The 

rationale behind these “challenges” is the airway responsiveness (usually 

a ≥20% fall in the FEV1) that can be observed as the result of provocative 

concentrations (increased dosage) of these agonists. Due to the high 

sensitivity but limited specificity of these tests,29 their results need to be 

analyzed carefully in the presence of co-morbid conditions.30, 31   

1.5.4 Differential diagnosis: 

As in many other entities, the differential diagnosis in adult patients 

with suspected asthma is very important. Conditions such as bronchitis, 

vocal cord dysfunction, cystic fibrosis, GERD, and the presence of foreign 

bodies in the upper airways should be ruled out in adolescents and young 

adults (<39 years old). Chronic obstructive pulmonary disease, 

parenchymal lung disease, pulmonary embolism, and cardiac failure are 
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some of the conditions that can co-exist in older patients (age > 40 years 

old). Additional tests such as electrocardiograms (ECG) and chest X-rays 

usually clarify these complex cases and help guiding their treatment. 

Distinguishing asthma from COPD can be problematic in some 

instances (Table 1-2); both are chronic obstructive conditions with 

underlying airway inflammation. Long-standing asthma with remodeling 

and chronic irreversible airflow obstruction with reduced lung function,32, 33 

ACOS1 and COPD patients with significant bronchodilator response34 

represent challenging diagnostic and therapeutic processes. They are 

alternative or co-existent diagnoses to consider when the clinical 

impression doesn’t match the results of the diagnostics tests or the 

expected response to treatment. Finally, special populations such as 

subjects with occupational asthma, athletes, pregnant women and the 

elderly usually benefit from a specialized examination due to their 

physiological features, and diagnostic/treatment restrictions. 

1.5.5 Other tests:  

The evaluation of airway inflammation can also be examined 

through non-invasive markers; induced or not induced sputum samples 

(for the documentation of eosinophilic or neutrophilic inflammation), levels 

of exhaled nitric oxide (FeNO) and carbon monoxide (FeCO) have been 

evaluated for potential use in determining optimal asthma treatment.35, 36 

Metabolomic profiling has been proposed; however, its not widely applied 

outside a research environment. Finally, the role of allergy testing (e.g., 
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skin tests and specific IgE serum levels) can help identifying factors 

associated with asthma symptoms in certain patients (e.g., those with an 

allergic profile). Unfortunately, many of these alternatives diagnostic aids 

are rarely available outside of research studies and settings, expensive, 

and not widely available to clinicians at the bedside.  

1.6 Asthma classification 

Asthma is often classified based on its etiology (e.g., allergic vs. 

non-allergic, occupational vs. non-occupational) and its underlying 

phenotype (e.g., exercise-induced asthma, aspirin-induced asthma). 

However, these classifications have limited clinical utility due to the 

existence of cases with unclear roots, heterogeneous manifestations and 

differential response to treatment.37 

Levels of asthma control (Table 1-3) and levels of asthma severity 

(intermittent, mild-persistent, moderate persistent and severe persistent) 

are classifications commonly used to guide management and to follow 

patients’ response.  

According to the current guidelines the assessment of asthma 

control should reflect balance of the manifestations of disease and explore 

factors associated with future risk of undesired outcomes.38, 39 Other 

standardized tools such as the Asthma Control Questionnaire (ACQ),40 the 

Asthma Control Test (ACT),41 the Asthma Therapy Assessment  

Questionnaire (ATAQ)42 and the Asthma control Scoring System43 have 

been used for research purposes; however, they have been promoted for 
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patient care as well. Its important to recognize that asthma severity is a 

dynamic feature on an individual’s health, based on this, periodic 

assessments (e.g., weekly/monthly basis or during treatment) are 

recommended. The classification of asthma severity proposed by the 

National Asthma Education and Prevention Program (NAEPP)44 is based 

on the level of symptoms, airflow limitation and lung function variability and 

it applies to patients not receiving corticosteroid treatment. Due to the poor 

predictive value of this method of classification regarding treatment 

requirements and response;39 asthma is now classified on the basis of the 

intensity of treatment required to achieve control: 

• Mild asthma: The patient who can be well-controlled with low 

intensity treatment such as low-dose inhaled corticosteroids (ICS), 

leukotriene receptor antagonists (LTRA) or theophylline. 

• Moderate asthma: The patient who can be well-controlled with low 

intensity ICS/long-acting β2-agonist (ICS/LABA) treatment. 

• Severe asthma: The patient who requires high intensity treatment 

(e.g., med/high dose ICS/LABA ± anti-immunoglobulin E [anti-IgE]) to 

prevent “uncontrolled” asthma or the patient who remains uncontrolled 

despite high intensity treatment.  

1.7 Asthma management  

The long-term goals of asthma management are to achieve good 

symptom control, and to minimize future risk of exacerbations, decline in 

lung function and side effects of treatment. An effective partnership 
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between adult patients with asthma and their health care provider(s) is one 

of the key determinants of the success of any management strategy. 

Partnerships based on principles of mutual understanding, engagement 

and adapted interventions have been associated with improved 

outcomes.45-49  

1.7.1 Pharmacologic management:  

Once the diagnosis of asthma has been made, treatment decisions 

can be guided based on cycles of assessment, adjustment and review of 

the response (Figure 1-2).1 The Global Initiative for Asthma (GINA) 

guidelines place an emphasis on the robust evidence behind control-

based management options;50-52 however, other alternatives have been 

evaluated for treatment adjustment in severe or non-conventional cases.53, 

54  

The pharmacologic options for long-term asthma treatment include: 

• Controller medications (ICS, ICS/LABA): targeting the 

reduction of airway inflammation, the control of asthma 

symptoms and the reduction of future risks (e.g., 

exacerbations and decline in lung function); 

• Reliever medications (e.g., SABA, short-acting 

anticholinergics [SAAC], LABA): targeting the relief of 

breakthrough symptoms during worsening or 

exacerbations. Also used for short-term prevention of 

exercise-induced bronchoconstriction. 
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• Add-on therapies (e.g., LTRA, anti-IgE, anti-IL5 agents): 

targeting the control of persistent asthma symptoms in 

patients with severe asthma who have optimal 

management (e.g., treatment with high-dose controller 

medications and control of modifiable environmental 

factors).  

Figure 1-1 summarizes the general recommendations for asthma 

management from the 2012 update of the Canadian Respiratory 

Guidelines.55 

The GINA adapted these recommendations into a step-based 

approach (Figure 1-2).1 This step-based approach recommends early 

treatment with ICS (low dose) and SABA (as-needed) based on its positive 

impact on the reduction of asthma-related exacerbations, hospitalizations 

and death (STEPS 1 & 2).56-59 For patients with persistent symptoms 

despite proper pharmacologic and non-pharmacologic management, the 

preferred step-up treatment is ICS/LABA (STEPS 3 & 4).51, 60-63 STEP 5 

recommendations involve referral to a specialist and add-on treatment 

(e.g., tiotropium, anti-IgE and oral corticosteroids [OCS]).64-66  

The introduction of add-on treatments could be considered as early 

as STEP 2 or as late as STEP 5 based on particular considerations (e.g., 

ICS intolerance, persistent symptoms despite good adherence and proper 

inhaler techniques).67-69  

 Important considerations: 
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• At each treatment step, patient characteristics (e.g., 

response, restrictions), the clinical context (e.g., costs and 

available resources) and potential impact on outcomes 

should be considered.70, 71 

• Regular medical monitoring offers the opportunity of making 

adjustments or changes to medication. The frequency of 

visits depends on individual factors such as the initial level of 

asthma control, treatment response and level of engagement 

in self-management. Patients should be seen one to three 

months after starting treatment and every three to twelve 

months thereafter.  

• Before considering any step-up in treatment, a careful 

examination of non-pharmacologic factors such as incorrect 

diagnosis, inhaler techniques, adherence, exposure to 

asthma triggers and comorbidities should be completed. 

Sustained step-up (2-3 months) may be considered for those 

patients who fail to respond adequately to initial treatment. 

Short-term step-up (1-2 weeks) may be necessary during 

viral infections or seasonal allergen exposure. Day to day 

adjustments depends on the prescribed medication and on 

the control of symptoms.1 

• Step-down should be individualized and only considered 

after achieving/maintaining good asthma control for about 
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three to four months. Patient should be on their minimum 

effective treatment (e.g., the one that favours good control of 

symptoms and exacerbations at the minimum cost and risk 

for potential side-effects).1 

• Non-pharmacologic strategies aiming an improvement in 

asthma self-management (e.g., inhaler skills training, 

provision of written asthma action plans [AAPs], regular 

medical review) help encouraging medication adherence 

among other risk reduction-related benefits.1 

1.7.2 Non-pharmacologic management:  

Identifying and treating modifiable risk factors is as important as 

optimizing asthma medications for achieving the long-term goals of 

asthma management. The GINA guidelines recommend the following non-

pharmacologic interventions in adults with asthma:1 

Smoking cessation: Providing access to counselling and smoking 

cessation programs at every encounter with a health provider. 

Promotion of physical activity: Encouraging patients with asthma to 

engage in regular physical activity and providing advice about prevention 

and management of exercise-induced bronchoconstriction. 

Avoidance of agents that act as asthma triggers: Identifying and 

eliminating potential sensitizers (e.g., Non-steroidal anti-inflammatory 

drugs [NSAIDS], allergens and occupational exposures). 
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Promotion of healthy diet: Encouraging patients with asthma to 

consume a diet high in fruit and vegetables for its general health benefits. 

Other interventions such as breathing exercises, weight reduction, 

immunizations, avoidance of indoor/outdoor pollutants and food chemicals 

are also recommended. Finally, current indications for referrals to 

specialist are considered in complex cases (e.g., difficult diagnoses, 

persistent uncontrolled asthma, any risk-factors for asthma-related death, 

suspected occupational asthma, side-effects). 

Patient education is the most common non-pharmacologic 

intervention the current asthma guidelines support and encourage.1 An 

important clarification in the current guidelines is that the provision of 

asthma education may be influenced by several factors (e.g., skills and 

training of both the provider and the learner). The provision of limited 

patient education (transfer of information about asthma, its causes and 

treatment) has shown no significant impact on the reduction of 

hospitalizations for asthma, emergency department (ED) visits, doctors 

visits, lung function and medication use.72  

Asthma self-management is a type of asthma education that 

involves a collaborative partnership between the education provider and 

the patient and its essential components are: 

• Skills training for the effective use of inhaler devices: Poor 

inhaler techniques are common among adults with asthma73 

and have been associated with poor asthma control,74 
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increased exacerbations and adverse effects. Standardized 

educational interventions provided by nurses and 

pharmacists have demonstrated to be highly effective in the 

reduction of undesired outcomes.75, 76  

• Encouraging adherence with medications, appointments and 

other advice, within an agreed management strategy: Poor 

adherence to asthma management is a common care gap 

among adults with asthma.77 The current guidelines 

emphasize the importance of understanding factors 

associated with patient behavior (e.g., low health literacy)78 

and the assistance that allied health professionals such as 

trained asthma educators, nurses/respiratory therapists, and 

pharmacists can provide in the delivery of targeted 

educational strategies.79  

• Provision of asthma information (personalized education). 

• Training in guided self-management with: 

 Self-monitoring of symptoms or PEF: patients trained to keep 

track of their symptoms and/or their PEF benefit from taking 

action early and when necessary.80  

 Provision or written AAPs:  individualized written 

recommendations help patients identify 1) triggers to increase 

therapy (based on symptoms or PEF readings), 2) strategies to 
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increase therapy (including duration), and 3) the tipping point to 

seek additional medical help.81 

 Regular review by a health care provider: Follow-up 

consultation taking place at regular intervals provide health 

practitioners with an opportunity to assess asthma control and 

management issues;82 they also allow patients to raise 

questions and express concerns.  

The effectiveness of different components of self-management 

educational interventions has been evaluated in a rigorous way. A 

systematic review (SR) that included 36 RCTs of self-management 

education for adults83 found a significant reduction in hospitalizations 

(Relative Risk [RR] = 0.64; 95% Confidence Interval [CI]: 0.50 to 0.82), ED 

visits (RR = 0.82; 95% CI: 0.73 to 0.94), unscheduled doctor visits (RR = 

0.68; 95% CI: 0.56 to 0.81), work/school absenteeism (RR = 0.79; 95% CI: 

0.67 to 0.93), and nocturnal asthma symptoms (RR = 0.67; 95% CI: 0.56 

to 0.79). While there was significant statistical heterogeneity (I2=85%), 

there was a considerable improvement in health related quality of life 

(HRQoL) for those receiving the self-management interventions (standard 

mean difference [SMD] = 0.29; 95% CI: 0.11 to 0.47). If a written AAP was 

added to this program there was an even greater reduction in 

hospitalization (RR = 0.58; 95% CI: 0.43, 0.77).  
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1.8 Asthma exacerbations 

1.8.1 Definition:  

Asthma exacerbations are episodes characterized by a progressive 

increase in asthma symptoms and decrease in lung function.84 Despite 

improved understanding of their treatment and prevention of asthma, 

exacerbations continue to result in visits to health professionals, school 

and work absenteeism, ED visits, hospitalizations and significant costs to 

the health care system throughout the developed world. The diagnosis of 

asthma exacerbations usually relies on compatible history and physical 

examination; objective measures of the severity of the exacerbation (e.g., 

decreased PEF or FEV1 based on the patients’ usual status) should be 

obtained when possible. Severe exacerbations are potentially life 

threatening, thus factors that increase the risk of asthma-related death 

should be identified and evidence-based care promptly provided.  

Patients with asthma should be able to recognize and respond to 

their exacerbations if adequate guidance on asthma self-management has 

been provided (e.g., a written AAP appropriate for their level of asthma 

control and health literacy has been developed).  

1.8.2 Management:  

1.8.2.1 Management of asthma exacerbations in primary care:  

The primary care setting can contribute to the management of 

asthma exacerbations by assessing the patients’ severity, adjusting their 
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medication (e.g., increasing SABA/SAAC, stepping up the dose of existing 

controller medication and starting patients on systemic corticosteroids) 

and referring them to an acute care facility if needed. Before patients go 

home, a follow-up appointment is recommended within the next week 

(Figure 1-3).85  

1.8.2.2 Management of asthma exacerbations in EDs:  

Emergency departments (or equivalent acute care facilities) are the 

ideal settings to manage mild/moderate exacerbations that don’t improve 

with the initial management provided in the primary care setting or at 

home, as well as, severe and/or potentially life-threatening exacerbations 

(Figure 1-3). A brief medical history, physical examination and objective 

measure of lung function (e.g., PEF or if possible full spirometry) should 

precede the prompt initiation of therapy (Figure 1-4). Patients’ clinical 

condition and response to treatment should be re-assessed regularly 

during their ED stay. Current guidelines recommend lung function to be 

measured one hour after initial bronchodilator/corticosteroid treatment in 

order to document improvement or deterioration. Ordering additional tests 

(e.g., chest radiographs) is not routinely recommended in adults, unless 

other diagnoses need to be ruled out.86 

1.8.2.2.1 Treatment in EDs:  

The goals of treatment in acute care settings are to control 

symptoms and to stabilize patient conditions. 
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Oxygen: Significant hypoxemia is common in moderate to severe 

exacerbations and therapy should target physiological levels of oxygen. 

Oxygen saturation above 92% is not recommended; hyperoxia should be 

avoided in patients with asthma exacerbations due to its association with 

increased oxidative stress and free radical damage.87 Oxygen therapy 

either by nasal cannulae or mask is recommended to all patients whose 

saturation is below this parameter (using oximetry when possible).88  

Inhaled SABA: Inhaled SABA therapy should administered as 

early as possible to all patients presenting to the ED with asthma 

exacerbations in an attempt to reverse airflow obstruction. Nebulizer 

delivery products have not been associated with significantly better 

outcomes than metered-dose inhalers delivered by spacer.89 

Systemic corticosteroids: Systemic corticosteroids (either oral or 

intravenous [IV]) speed the resolution of exacerbations, prevent admission 

and relapses, and are recommended to all but the mildest cases of acute 

asthma.90 Systemic corticosteroids should be administered within the first 

hour of presentation when possible. Fifty (50) mg of prednisone or 200 mg 

of hydrocortisone for 5-7 days have shown to be effective in the resolution 

of exacerbations.91, 92 No benefit has been associated with tapering the 

dose of OCS in the short-medium term;93 in adults, very short courses 

have not replaced standard 7-10 day therapy. 

Inhaled Corticosteroids: Although ICS agents are thought to 

improve asthma control over days to weeks; there is evidence that they 
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are effective in the acute setting. The administration of high doses of ICS 

within the first hour of ED presentation reduces the need for hospitalization 

in those patients receiving and not receiving systemic corticosteroids.94 

These observations are likely the result of local vasodilatation, membrane 

stabilization and inhibition of the inflammatory cascade. 

Other treatments: 

Short-acting anticholinergics: Anticholinergic agents are 

designated as weak bronchodilators and mucolytic agents. The combined 

use of SAAC/SABA has been associated with synergistic effects, 

especially in severe disease; fewer hospitalizations and greater 

improvement in lung function, specifically PEF and FEV1 when compared 

to SABA administration alone.95 

Aminophylline/theophylline: Methyl-xanthine agents are weak 

bronchodilators and respiratory muscle enhancers through their influence 

on cyclic adenosine monophosphate (cAMP). The IV administration of 

aminophylline is not routinely recommended in the ED management of 

asthma exacerbations due to non-additional bronchodilation effect and 

increased risk of adverse events when compared to standard inhaled 

bronchodilators and steroids.96 

Magnesium sulphate (MgSO4): Magnesium sulphate exhibits its 

effect on smooth muscles, including those in the respiratory system, and 

also is a weak anti-inflammatory agent. Administered intravenously (2 g 

infusion over 20 min), MgSO4 is recommended in adults presenting with 
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severe exacerbations who have exhibited blunted response to inhaled 

bronchodilation therapy (e.g., initial FEV1 <25-30% predicted, those who 

fail to respond to initial treatment and have persistent hypoxemia).97, 98 

This agent must be used in combination of systemic corticosteroids and 

bronchodilators and has a wide margin of safety. 

Epinephrine: Epinephrine, a mixed α- and β-receptor agent, is 

most often used in allergic reactions, such as anaphylaxis. The 

intramuscular (IM) administration of this agent (adrenaline) is not routinely 

recommended in the ED management of asthma exacerbations; it is only 

indicated in acute asthma cases associated with anaphylaxis and allergic 

angioedema. 

Leukotriene receptor antagonists: While these novel and 

important add-on therapeutic options are commonly recommended and 

used in chronic asthma, their administration is not routinely recommended 

in the ED management of asthma exacerbations.99, 100 

Inhaled Corticosteroids/long-acting β2-agonist combination 

agents: The administration of these agents is not routinely recommended 

in the ED management of asthma exacerbations.101, 102  

Antibiotics: Despite the fact that most acute asthma episodes 

result from exposure to triggers such as upper respiratory infections from 

viral infections, antibiotics are commonly administered to patients who 

wheeze, in an attempt to treat any infection (or super-infection). The 

administration of these agents is only recommended for asthma 
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exacerbations in which there is strong evidence of lung infection or who 

have failed to respond to an initial trial of aggressive anti-inflammatory 

agents. 

Sedatives: The use of sedatives should be strictly avoided due to 

their association with undesired outcomes including death.103  

Non-invasive ventilation (NIV): The use of NIV for acute asthma 

is not supported by strong evidence.104 For example, only one randomized 

controlled trial (RCT) exists, and while positive, the evidence is insufficient 

for most guidelines to recommend its use in all but the most extreme 

cases.  Nonetheless, given its use in exacerbations for heart failure and 

COPD in the ED, familiarity and a willingness to avoid intubations in these 

patients, a trial may be considered. It should be avoided in agitated 

patients and concomitant sedation should not be attempted. 

Heliox: The administration of heliox (helium/oxygen mixture in a 

ratio of 80:20 or 70:30) is not recommended for the routine ED care of 

adult asthma. It has been suggested as an alternative for patients not 

responding to standard therapy.105 

Intravenous (IV) fluids: While many patients with acute asthma 

have increased insensible losses (e.g., fever, hyperventilation, 

nausea/vomiting) and decreased fluid intake, most patients are not 

clinically dehydrated. The administration of IV fluids is therefore not 

recommended in the ED management of all asthma exacerbations; some 

patients may need rehydration and correction of electrolyte imbalance. 
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1.8.2.2.2 Disposition:  

Most patients with acute asthma respond to therapy and can be 

safely discharged from the ED with follow-up after several hours of 

therapy. Patients’ clinical condition and lung function one hour after 

commencement of therapy have shown to predict the need for hospital 

admissions.106, 107 Sociodemographic factors (e.g., female sex, older age 

and non-white race), asthma history (e.g., previous severe exacerbations), 

medication factors (e.g., previous use of OCS) and severity at 

presentation have also been associated with an increased likelihood of 

hospitalizations.108, 109 

1.8.2.2.3 Post–ED management:  

Management of asthma in the hospital is beyond the scope of this 

thesis project so emphasis is made on the evidence behind current 

discharge planning.  

1.8.2.2.3.1 Medical management at ED discharge: 

• Systemic corticosteroids: Systemic corticosteroids (oral or 

IM) use in the outpatient treatment of exacerbations has 

been associated with a reduction in relapses and the need 

for reassessment in the subsequent 7-10 days.90 Since most 

patients have little to no interest in IM administration of these 

agents, short courses of corticosteroids are preferred. Ultra-

short doses of agents such as dexamethasone, while used in 
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children,110 have not proven to be effective in adults and 

should be avoided. 

• Inhaled Corticosteroids: Inhaled corticosteroids are widely 

recommended as first line agents for mild-to moderate stable 

asthma.111 The addition of ICS agents to OCS has been 

associated with a significant reduction in relapses, 

improvement in HRQoL, and reduction in SABA use, without 

significant adverse events.112 Given that patients who have 

an exacerbation of asthma have demonstrated a failure of 

current management, the addition of ICS agents after an ED 

visit makes intuitive and guideline-recommended sense. The 

overall evidence in this field is based on three trials of 

variable quality and the pooled evidence fails to reach 

statistical significance (RR= 0.68; 0.46, 1.02); however, it is 

difficult to ignore a 25% reduction in relapse with a potential 

of up to a 50% decrease in relapses compared to a possible 

2% increase in relapses. Overall, these agents are well 

tolerated and safe.113 

• Inhaled Corticosteroids/LABA combination agents: 

Asthma guidelines in adults suggest a step-up to ICS/LABA 

agents in chronic stable asthma if the use of regular 

moderate dose ICS agents fails to achieve control. The 

addition of ICS/LABA agents after an ED discharge for acute 
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asthma has been studied infrequently. There is weak 

evidence to suggest that patients who experience an 

exacerbation while already receiving ICS may experience 

improved HRQoL and potentially less frequent relapses if 

ICS/LABA agents are combined with OCS at discharge.102 

Finally, patients already receiving these agents at ED 

presentation should not have them discontinued if 

discharged, since this represents a step-down in treatment. 

• Leukotriene receptor antagonists: The use of these 

agents is not routinely recommended in the post-ED 

management of acute asthma. Patients already receiving 

these agents at ED presentation should not have them 

discontinued if discharged, since this represents a step-down 

in treatment. 

1.8.2.2.3.2 Non-medical management at ED discharge:  

Emergency department visits due to asthma exacerbations have 

been recognized as ideal scenarios for the identification of gaps in asthma 

care.114, 115 Recent asthma guidelines have added content dedicated to 

the management of asthma exacerbations and highlighted the essential 

role of the discharge planning.1 Follow-up 2-7 days after ED presentations 

for asthma exacerbations and strategies to promote self-management 

such as reviewing inhaler techniques, providing written AAPs and 

instruction on patient self-monitoring following discharge are 
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recommended.1, 44, 116 However, no clear evidence supports the timing 

proposed for this visit and the overall effectiveness of this encounter. 

A Cochrane SR examining the impact of ED-based educational 

strategies vs. standard care showed that re-visits to the ED were not 

significantly decreased in the group receiving education (RR = 0.72; 95% 

CI: 0.47 to 1.11); however, hospitalizations were reduced (RR = 0.50; 5% 

CI: 0.27 to 0.91).117 A SR completed as part of this thesis revealed that 

ED-directed educational interventions targeting either patients or providers 

increase the chance of having office follow-up visits with Primary Care 

Providers (PCPs) after asthma exacerbations. Their impact on health-

related outcomes (e.g., relapse and admissions) remains unclear (refer to 

Chapter 3 for more details).118 

 Despite these recommendations, many Canadian patients visiting 

EDs with acute asthma have limited or no access to PCPs119, even when 

patients are linked to a PCP, some don’t consider this follow-up 

necessary, and/or their post-ED visit follow-up is considerably delayed.120 

Moreover, some PCPs do not base their recommendations on current 

asthma guidelines and focus only on the pharmacologic treatments; 

patients often leave their offices without the revision of their written AAP 

and therapy adjustment.121  

1.9 Summary and problem targeted by this thesis project 

 Asthma is a condition in which considerable change in practice has 

occurred over the last two decades (e.g., the pathophysiology is better 
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understood, evidence-based management has been clarified and 

promoted). Taking into account that a substantial proportion of adult 

patients presenting to EDs with acute asthma do relapse within two weeks 

of being discharged (even when receiving evidence-based treatment) and 

that PCP follow-up visits have shown to be delayed, the coordination of 

effective transitions in care between the ED and the primary care setting 

was identified as a critical area needing improvement and action. This 

program of research compared the effectiveness of ED-directed 

interventions to improve outcomes after asthma exacerbations; 

importantly, it engaged patients and PCPs’ in the design of novel opinion 

leader (OL) based interventions for acute asthma directed from the ED, 

and targeted gaps in care and health-related outcomes relevant for 

knowledge implementation. Regardless of the results of this research 

program, patients and clinicians have benefited from the promotion of 

evidence-based practices; the research community has also benefited 

from the efforts to facilitate the interpretability, applicability and uptake of 

the overall conclusions.  

1.10 General research (PICO-D) question 

 Using randomized controlled trial methods (Design), in adult patients 

with acute asthma discharged from the ED (Population), will OL or care 

manager -based interventions directed from the ED (Intervention) reduce 

relapses and improve outcomes (Outcomes) compared to usual care 

(Control)? 
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1.11 Objectives  

1) To examine the evidence of effectiveness of ED-directed 

educational interventions to improve PCP follow-up visits after asthma 

exacerbations;  

2) To determine the ideal OL -based interventions directed from the 

ED to test in an experimental study by engaging patients and PCPs; 

3) To determine if tailored OL or CM -based interventions directed 

from the ED (personalized recommendations for follow-up care/treatment 

options and self-management education), reduce relapses within 90 days 

for acute asthma (primary outcome) when compared to usual care.  
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Table 1-1 Factors influencing the expression of asthma. 

Type Factors 

Host 

Genetic 

Sex  

Obesity 

Physical activity 

Emotional stress 

Environmental 

Allergens (e.g., dust, mold, pollen, mice, cockroaches) 

Tobacco smoke (active or passive exposure) 

Air pollution (indoor/outdoor) 

Diet (e.g., sulfite compounds) 

Infections (predominantly viral) 

Medications (e.g., non-selective β-blockers, aspirin, 

non-steroidal anti-inflammatories) 

Occupational sensitizers (e.g., isocyanates, platinum 

salts) 

Note: Adapted from the Global Strategy for Asthma Management and 
Prevention, Global Initiative for Asthma (GINA) 2015.1 Permission for 
reproduction has been granted.  
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Table 1-2 Factors that can assist in the differentiation of Asthma, 

COPD and ACOS exacerbations. 

Factors Asthma ACOS COPD 

Pathophysiology Inflammation +++ +++ +++ 
Infection  +/- +++ 

Age of onset Early +++   
Late (age > 40)  +++ +++ 

Sex Female > male +++   
Male > female  +++ +++ 

Family history +++   
Allergic conditions +++   
Previous diagnosis of asthma +++ +/-  
History of cigarette smoke exposure  +/- +++ 
Co-morbidities +/- +++ +++ 

Symptoms 

Wheeze +++ +/- +/- 
Dyspnea +++ +++ +++ 
Cough +/- +/- +++ 
Sputum 
production  +/- +++ 

Course 

Intermittent 
exacerbations +++   

Chronic 
progressive  +/- +++ 

Response to 
treatment 

Response to 
bronchodilators +++ +/- +/- 

Response to 
corticosteroids +++ +/- +/- 

Post-
bronchodilator 
flow 
measurement 

FEV1/FVC ratio> 
0.7 +++   

FEV1/FVC ratio< 
0.7  +++ +++ 

Recovery after exacerbation +++ +/- +/- 
Note: ACOS = asthma/COPD overlap syndrome; COPD = chronic 
obstructive pulmonary disease; FVC = forced vital capacity; FEV1 = forced 
expiratory volume in one second. 
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Table 1-3 GINA assessment of asthma control in adults, adolescents 

and children 6-11 years. 

A. Asthma symptom control Level of symptom asthma control 
In the past 4 weeks, has the 
patient had: 

Well 
controlled 

Partly 
controlled Uncontrolled 

Daytime asthma symptoms* 
more than twice/week? 

None of these 1-2 of these 3-4 of these 

Any night walking due to 
asthma? 
Reliever needed for symptoms 
more than twice/week? 
Any activity limitation due to 
asthma? 
B. Risk factors for poor asthma outcomes 
Assess risk factors at diagnosis and periodically, particularly for patients 
experiencing exacerbations.  
Measure FEV1 at start of treatment, after 3–6 months of controller treatment to 
record the patient’s personal best lung function, then periodically for ongoing risk 
assessment.  
Potentially modifiable independent risk factors for flare-ups 
(exacerbations)  

• Uncontrolled asthma symptoms   
• High SABA use (with increased mortality if >1 x 200-

dose canister/ month)   
• Inadequate ICS: not prescribed ICS; poor adherence; 

incorrect inhaler technique 
• Low FEV1, especially if <60% predicted 

   
• Major psychological or socioeconomic problems 
• Exposures: smoking; allergen exposure if sensitized 

   
• Comorbidities: obesity; rhinosinusitis; confirmed food 

allergy 
   

• Sputum or blood eosinophilia 
• Pregnancy 

Other major independent risk factors for flare-ups 
(exacerbations) 

• Ever intubated or in intensive care unit for asthma 
• >1 Severe exacerbation in the last 12 months   

Having one or 
more of these 

risk factors 
increases the 

risk of 
exacerbations 

even if 
symptoms are 

well 
controlled. 

 

Risk factors for developing fixed airflow limitation  
• Lack of ICS treatment 
• Exposures: tobacco smoke; noxious chemicals; occupational exposures 
• Low initial FEV1;

 chronic mucus hyper-secretion; sputum or blood 
eosinophilia 

Risk factors for medication side-effects  
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• Systemic: frequent OCS; long-term, high dose and/or potent ICS; also 
taking P450 inhibitors 

• Local: high-dose or potent ICS; poor inhaler technique 
   

Note: FEV1: forced expiratory volume in 1 second; ICS: inhaled 
corticosteroid; OCS: oral corticosteroid; P450 inhibitors: cytochrome P450 
inhibitors such as ritonavir, ketoconazole, itraconazole; SABA: short-acting 
β2-agonist.  
*Excludes reliever taken before exercise. 
This table was adapted from the Global Strategy for Asthma Management 
and Prevention, Global Initiative for Asthma (GINA) 2015.1 Permission for 
reproduction has been granted.  
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Figure 1-1 Asthma management continuum (for children 6 years and 

over) and adults. 

 

Note: Figure from the Canadian Thoracic Society 2012 guideline update: 
diagnosis and management of asthma in preschoolers, children and 
adults.55 Permission for reproduction has been granted.  
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Figure 1-2 Stepwise approach to control asthma symptoms and 

minimize future risk. 

 

Note: Figure from the Global Strategy for Asthma Management and 
Prevention, Global Initiative for Asthma (GINA) 2015.1 Permission for 
reproduction has been granted.  
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Figure 1-3 Management of asthma exacerbations in primary care 

(adults, adolescents, children 6-11 years). 

 

Note: Figure from the global strategy for asthma management and 
prevention, global initiative for asthma (GINA) 2015.1 Permission for 
reproduction has been granted.  
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Figure 1-4 Management of asthma in acute care facilities (e.g., 

emergency departments). 

 

Note: Figure from the Global Strategy for Asthma Management and 
Prevention, Global Initiative for Asthma (GINA) 2015.1 Permission for 
reproduction has been granted.  
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2 USING A KNOWLEDGE TRANSLATION CONCEPTUAL 

FRAMEWORK TO IMPROVE OUTCOMES AFTER ASTHMA 

EXACERBATIONS 

2.1 Rationale 

Despite improved understanding of the pathophysiology of asthma 

and the promotion of effective management through evidence-based 

guidelines, asthma control in Canada remains suboptimal and 

presentations to emergency departments (ED) are still considered high.6, 

122 A gap between evidence and action in asthma care is one of the 

challenges faced by the current health care systems.123 The way data from 

different type of studies are interpreted and implemented in real-world 

practices may explain some of the discrepancies observed between the 

outcomes found in research environments and in day-to-day clinical 

management.124  

Evolving practices and the wealth of scholarship bring different 

opportunities and challenges that have the potential to enrich research 

initiatives and facilitate the uptake of their results through different levels of 

stakeholder engagement.125-127 Several strategies have been promoted to 

facilitate the movement of evidence into action. One of them is the 

incorporation of knowledge translation (KT) principles into research 

projects. The Canadian Institutes of Health Research (CIHR) defines KT 

as “a dynamic and iterative process that includes the synthesis, 

dissemination, exchange and ethically sound application of knowledge to 
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improve health, provide more effective health services and products and 

strengthen the health care system”.128 This definition clarifies a common 

misperception of this term limited to knowledge “dissemination” by giving 

prominence to the actual “use” of knowledge to improve decision-making. 

Two approaches to KT are recognized by CIHR: integrated KT (focused 

on the collaborative venture between researchers and knowledge users in 

the research process [iKT]) and end-of grant KT (focused on the 

dissemination activities once the research has been completed); 

KT/implementation science (focused on the determinants of knowledge 

use and effectives methods for knowledge uptake) is another approach 

that has been promoted and funded by this organization.  

A number of KT theories suggest that knowledge is not used 

because there has been a failure to transfer it effectively to the intended 

users.129 Other theories don’t see this problem as a failure of knowledge 

dissemination, but as a failure of knowledge production. Proponents and 

supporters of Engaged Scholarship, understanding this concept as a form 

of collaborative inquiry between academics and practitioners that 

leverages their different perspectives to generate useful knowledge, 

advocate for the involvement of potential end users since early stages of 

research processes.127, 130-132  

2.2 The Knowledge to Action Cycle  

The Knowledge to Action (KTA) Cycle is a conceptual framework 

that was developed by Graham and Straus133, 134 in an effort to facilitate 
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the use of research in practice settings (Figure 1). This model was 

adopted by CIHR for promoting the application of new knowledge derived 

from research.135 The KTA Cycle illustrates the dynamic and interactive 

relations that can occur between sequential or simultaneous phases for 

knowledge creation (included in the funnel) and knowledge 

application/action (included in the cycle). While the funnel components can 

be interpreted in several ways, in the end, they symbolize the scientific 

filters through which new knowledge should pass in order to determine 

what is valid and useful.136 The knowledge application/action part of the 

model, derived from the commonalities among more than 30 planned-

action theories,137, 138 highlights the following key activities and processes 

that may be needed for knowledge application: 

1. Identifying a problem or issue that deserves attention and 

further search for knowledge or research.  

2. Identifying a knowledge-practice gap that needs filling with 

new knowledge. 

3. Adapting new knowledge to the local context or setting in 

which the knowledge is to be used. Aspects such as the 

involvement of potential adopters, the identification of 

potential barriers that may limit knowledge uptake, and the 

opportunity to tailor intervention strategies are important 

targets of this phase. 
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4. Disseminating or transferring new knowledge, which 

involves the execution of interventions that facilitate the 

promotion, awareness and implementation of new and 

ideally, tailored knowledge.  

5. Monitoring the use or application of new knowledge. 

Changes in knowledge can be measured from conceptual 

(e.g., better understanding or attitudes), instrumental (e.g., 

changes in behaviour or practices), or strategic (e.g., use 

of new knowledge for specific purposes) perspectives. 

Changes in certain indicators (e.g., improved health 

outcomes) can also be the reflection of knowledge 

application. 

6. Determining the impact of using the new knowledge in 

order to evaluate if the acquired knowledge influences 

individual (e.g., patient or health practitioner) and/or 

system outcomes. 

7. Assessing the sustained application of new knowledge. 

The identification of barriers that may limit knowledge 

sustainability, and the evaluation of the impact of new 

knowledge on specific indicators are examples of the 

activities that could be included in this phase. The 

completion of this phase should set in motion an iterative 

feedback loop through the action phases.  
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2.3 Improving outcomes after asthma exacerbations through the 

use of a knowledge translation conceptual framework  

The activities proposed in the KTA process developed by Graham 

and Strauss were the basis of the conceptual framework used for this 

research program (Figure 2).  

2.3.1 Knowledge to action cycle followed in this thesis project  

2.3.1.1 Identifying the problem and research that might help 

addressing it: 

 Despite the dissemination of effective pharmacologic interventions 

for the prevention of relapses after asthma exacerbations, these outcomes 

still occur, affect the quality of life of patients with asthma, and represent 

significant costs to the health care system (refer to Chapter 1 for more 

details).139 Follow-up with a primary care provider (PCP) or asthma 

specialist after ED discharge is strongly recommended; however, this 

follow-up is often delayed or absent119, 120 and when it occurs, the 

encounter may not address important gaps in care or be evidence-

based.121 

Since the first Canadian recommendations for the assessment and 

treatment of adult asthma were disseminated,140-142 continuous revisions 

and updates have been released.55, 143 While the most recently published 

asthma guidelines have highlighted non-pharmacologic interventions for 

the improvement of outcomes after asthma exacerbations (e.g.,  
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individualized asthma care, patient education and care partnerships), the 

following elements of high-quality care have not been well described: 

strategies targeting the sustained implementation of various 

recommendations, and methods to facilitate the transitions in care 

between the hospital care (either ED or in-patient) and community-based 

follow-up with PCPs.1, 44, 116 

Emergency department visits due to asthma exacerbations are 

recognized as potential scenarios for the identification of gaps in asthma 

care and education.114, 144-146 While a number of trials have been 

conducted in the ED setting to improve outcomes such as relapses after 

asthma exacerbations,117 only a few have included strategies to facilitate 

the transitions in care between the ED and PCPs.118 In addition, the 

proposed interventions have been identified as complex/impractical, costly 

and have not achieved the desired impact on health-related outcomes.147 

The hypothesis behind this PhD project was that no follow-up by 

the PCP or poor PCP management review after an asthma exacerbation 

increases the risk of relapses. Multiple study designs and mixed-research 

methods were considered to support the design; evaluation and potential 

implementation of opinion leader (OL) and care manager (CM)-based 

interventions directed from the ED to improve outcomes after asthma 

exacerbations.  
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2.3.1.2 Identifying a knowledge-practice gap: 

A synthesis of the evidence regarding ED-directed educational 

interventions to increase primary care follow-up after asthma 

exacerbations was completed: “Effectiveness of educational interventions 

to increase primary care follow-up for adults seen in the emergency 

department for acute asthma: a systematic review and meta-analysis”.118 

Following the Cochrane approach,148 the evidence was critically 

appraised to determine its internal and external validity; statistical pooling 

was performed when possible. A call for standardization in terms of the 

description and evaluation of intervention fidelity was made (refer to 

Chapter 3 for more details). 

2.3.1.3 Adapting new knowledge to the local context and identifying 

determinants for implementation: 

Patients and potential knowledge end-users (PCPs) were involved 

at earlier stages of the research process: “ Engaging patients and primary 

care providers in the design of novel OL-based interventions for acute 

asthma in the emergency department: a mixed-methods study”. 

Perceptions and expectations of patients and PCPs from Edmonton 

were considered (using survey methods) for the design of ED-directed OL-

based interventions in acute asthma.149 Focus groups were conducted in 

order to identify potential facilitators and barriers for implementation (refer 

to Chapter 4 for more details).  
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2.3.1.4 Implementing interventions: 

A prospective, randomized, open label, blinded endpoints 

ascertainment (PROBE) study to assess relapses within 90 days for acute 

asthma was completed: “Emergency-Department Directed Interventions to 

improve outcomes after asthma exacerbations”. 

A structured evaluation of asthma care gaps at ED presentation 

was followed by the conduct of a three-armed trial to compare the 

effectiveness of tailored OL and CM -based interventions for acute 

asthma. Determinants of new knowledge implementation (e.g., 

intervention fidelity) were discussed (refer to Chapter 6 for more details). 

2.3.1.5 Disseminating knowledge: 

Parallel to the dynamic activities immersed in the knowledge 

application/action components of the KTA cycle, traditional (e.g., scientific 

articles, conference presentations) and non-traditional (e.g., blogs, 

podcasts, social media postings) dissemination methods were used to 

make the research results available and more useful to stakeholders 

including patients, health providers and research/clinical networks. 

While actions related to the monitoring of the proposed 

interventions were measured through the evaluation of the primary and 

secondary outcomes of the PROBE study, the assessment of the 

sustained use of the new knowledge generated by this research program 

(step 7 of the action part of the KTA process developed by Graham and 
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Strauss) was beyond the scope of this thesis project, future directions 

were given in this regard (refer to Chapter 7 for more details). 
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Figure 2-1 Knowledge to action cycle. 

 

Note: Figure from the Canadian Institutes of Health Research (CIHR) 
website.133, 135 Permission for reproduction has been requested.  
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Figure 2-2 Knowledge to action framework supporting this thesis 

project.  

 

Note: Knowledge to action (KTA) cycle adapted from the KTA model 
proposed by Graham et al.133 
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3 EFFECTIVENESS OF EDUCATIONAL INTERVENTIONS TO 

INCREASE PRIMARY CARE FOLLOW-UP FOR ADULTS SEEN IN THE 

EMERGENCY DEPARTMENT FOR ACUTE ASTHMA: A SYSTEMATIC 

REVIEW AND META-ANALYSIS 

3.1 Introduction 

Asthma exacerbations are common presentations to emergency 

departments (EDs), representing a significant burden to patients and their 

families and generating substantial costs for patients and the health care 

system.7, 150, 151 In Canada, the majority of patients who present to the ED 

with acute asthma are treated and safely discharged.108 Current asthma 

guidelines recommend scheduling a follow-up visit with a primary care 

provider (PCP) soon after ED discharge;116, 152 however, studies have 

shown this linkage to be delayed or absent.120, 153 Moreover, there is 

variation among guidelines with respect to the timing of this visit, and the 

evidence to support the effectiveness of the encounter. Guidelines also 

recommend that patients who have come to the ED with an asthma 

exacerbation should be targeted for educational interventions; 

nonetheless, no clear ED-directed strategies promoting return to routine 

primary care are proposed. 

There is controversy regarding EDs being appropriate settings for 

the delivery of formal asthma education.147 Despite the well-known 

challenges of these environments, ED visits have been identified as 

potential “teachable moments” during which patients are ready to accept 
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new information.154 Most patients presenting to the ED with acute asthma 

have gaps in knowledge and asthma care and often have never received 

asthma education.155 Particularly in those with inadequate primary care 

support, an ED visit may offer a unique opportunity to receive guidance on 

the chronic nature of their respiratory condition, tools for self-management, 

and other preventive strategies.114, 145, 156 

Systematic reviews on educational interventions in adult patients 

with chronic asthma have identified positive outcomes associated with 

education components such as information only (limited asthma 

education)157 and self-management coupled with regular medical review 

and written Asthma Action Plans (AAPs).158 Positive outcomes include 

reduction in symptoms, hospitalizations, ED visits for asthma, 

unscheduled doctors’ visits, work absenteeism, episodes of nocturnal 

asthma, indirect costs, and improvement of quality of life. While some of 

these interventions have been associated with reduction of future hospital 

admissions and improvement of outpatient follow-up in patients who 

attend the ED, their fidelity and effect on health-related outcomes, like 

relapses, are still unclear.117 

The objective of this review is to assess and describe the evidence 

from randomized controlled trials (RCTs) on the effectiveness of ED-

directed educational interventions to improve office follow-up visits with 

PCPs in adults who were discharged from the ED after being treated for 

acute asthma. 

 50 



3.2 Methods 

A study protocol was developed a priori to define the objectives, 

search strategy, eligibility criteria, outcomes of interest, the process for 

abstracting and synthesizing information from eligible studies, and the 

methods for data analysis. The systematic review conforms to PRISMA 

guidelines. No ethics approval was required.  

3.2.1 Data sources and searches: 

Comprehensive searches of seven electronic databases (Medline, 

EMBASE, Cochrane Library, CINAHL, SCOPUS, ERIC, and ProQuest 

Dissertations and Theses Database) were conducted from database 

inception to June 2014 (updated in June 2016). The search strategy was 

designed by an information specialist and comprised both controlled 

vocabulary and keywords adapted to each database (Appendix 1 includes 

the complete search strategy). 

Google Scholar was also searched and references were manually 

selected from the first ten pages of Google Scholar results. Conference 

proceedings from 2004-2014 (updated in June 2016) Canadian (CAEP) 

and US (SAEM) Emergency Medicine conferences were hand-searched. 

No limits were applied on the basis of date, language or publication status. 

3.2.2 Study selection: 

Studies were included in the review if they were RCTs assessing 

any educational intervention directed from the ED targeting adults (or 
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adults and children with ≥80% of the study population being ≥16 years of 

age) discharged from the ED after an asthma exacerbation. Educational 

interventions were permitted to have taken place in any setting (e.g., 

hospital, community, home) and had to occur within a week of the ED visit. 

The control was the provision of usual or standard care following the ED 

presentation. The primary outcome was the percentage of PCP office 

follow-up visits after an asthma exacerbation. Primary care providers may 

have included family physicians, general practitioners, general internists 

and/or nurses. Secondary outcomes included the percentage of 

subsequent unscheduled visits to the doctor/EDs for asthma care 

(relapses), admissions, time to first PCP office follow-up visit and time to 

first relapse.  

Two reviewers (BV and TN) independently screened the titles and 

abstracts of studies identified by the literature search. The full text of 

articles deemed relevant and those whose abstracts and titles provided 

insufficient information were retrieved and independently reviewed (BV 

and TN) to determine study eligibility. Disagreements were discussed and 

resolved with a third party (CVR). 

3.2.3 Data extraction and quality assessment: 

Information on patients, methods, interventions and outcomes was 

extracted from the original reports onto standardized data collection forms. 

The detailed data extraction process involved contact with authors to 

clarify study methods and to obtain non-published original data. 
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Two reviewers (BV and TN) independently assessed the internal 

validity of the studies that met our inclusion criteria using the Risk of bias 

(RoB) tool. Disagreements were discussed and resolved with a third party 

(CVR).148  

Fidelity assessment refers to the methodological strategies used to 

monitor and enhance the reliability and validity of behavioral 

interventions.159 In other words, how planned delivery was measured and 

reported in a trial. Intervention fidelity in individual studies was assessed 

using the five domains of the Treatment Fidelity Assessment Grid 

(CVR):160 fidelity to theory (i.e., did the intervention include the relevant 

“active ingredients” based on theory?); provider training (i.e., were the 

treatment providers capable of delivering the intervention as designed?; 

treatment implementation (i.e., did the treatment providers actually 

implement the intervention as it was designed?); treatment receipt (i.e., did 

the participant receive the relevant “active ingredients” as intended?) and 

treatment enactment (i.e., did the participant put new skills or behaviours 

into practice?). 

3.2.4 Data synthesis and analysis: 

Abstracted data were entered and analyzed using Review Manager 

(RevMan) software (IMS Inc, Nordic Cochrane Centre, Copenhagen, 

Denmark), Version 5.2 and a recognized Cochrane-endorsed EBM Web 

Site (www.nntonline.net). For studies including more than one intervention 

arm, a combination of event data was considered for dichotomous 
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outcomes. Pooled estimates were calculated as risk ratios (RR) with a 

95% confidence interval (CI) using a random effects model (anticipating 

variation in sample sizes and substantial between-trial heterogeneity). 

Statistical heterogeneity was tested using the I2 statistic with I2 values of 

25, 50, and 75% representing low, moderate, and high degrees of 

heterogeneity, respectively.161 Studies were pooled only if they had similar 

populations, interventions, controls, outcomes and study designs, while 

still allowing for variation among study protocols. Sub-group analyses 

were performed based on the time to relapse assessment (three weeks, 

three and 12 months); sensitivity analyses (random vs. fixed effects were 

also performed). 

3.3 Results 

3.3.1 Search results: 

Figure 3-1 reflects the study selection process; five articles satisfied 

the eligibility criteria for the review.162-166 Fifty-five manuscripts were 

excluded for the following reasons: not ED based studies (n=22), not 

primary research (n=8), not RCT study designs (n=6), studies included 

admitted patients (n=5) or improving linkages with PCPs was not the main 

purpose of the study interventions (n=4). Ten studies were excluded for 

“other reasons” (e.g., type of publication and nature of the intervention; 

Appendix 2).  
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3.3.2 Study characteristics: 

Included studies were conducted in the United States (n=2) and 

Canada (n=3) and completed between 2001 and 2013. Two studies 

included a post-ED phone call to the patient to remind or help arrange a 

follow-up appointment with the PCP at his/her office;165, 166 two studies 

provided a short course of oral corticosteroids (Prednisone 50mgs/day for 

5 days) and transportation vouchers164, 165; two studies faxed letters with 

tailored recommendations to the patient’s PCP office162, 163 and one study 

provided AAP at ED discharge.163 All studies evaluated the effectiveness 

of educational interventions compared to usual care. Usual care mostly 

involved discharge instructions and medication prescription at the 

discretion of the treating emergency physician; however, two studies had 

the provision of printed educational material about asthma, medication use 

and compliance as standard care.162, 163 For more details see Table 3-1. 

3.3.3 Quality assessment: 

The overall risk of bias of all five included studies was rated as 

“unclear”. Sequence generation and allocation concealment were judged 

to be at low risk of bias in all but one of the included studies.166 This study 

reported the randomization of weeks following a “time-series method”; 

however, no details were provided with regards to the methods used to 

generate this allocation sequence or to prevent this sequence from being 

predicted in advance of enrolment. Four studies reported having outcome 

assessors blinded to the study interventions162-165 and two were free of 
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incomplete reporting of outcome data.164, 165 All studies were judged to be 

at unclear risk of bias for selective outcome reporting due to the lack of 

registered protocols or full-text publication. Finally, one study reported 

data to be analyzed on an “intention-to-treat’ basis; however; it was 

unclear how missing information and drop outs were handled in the 

analyses.166 The principal investigator of two studies provided details on 

study methods and original data;162, 163 the RoB assessment of these 

studies was based on the information provided by the study author and the 

available publications (abstracts). Please see Figure 3-2. 

3.3.4 Fidelity of the interventions: 

None of the trials reported that the study intervention included 

“active ingredients” based on theory. While all studies reported who 

delivered the interventions (providers), the description of their skills and 

training protocols varied. Treatment implementation was described in all 

the included studies and the provision of standard delivery materials was 

the most common method to ensure that providers actually implemented 

the intervention as designed. Treatment receipt (methods to ensure that 

participants received the “active ingredients” as intended) was not 

reported in any of the included studies. Finally, steps taken to 

ensure/assess treatment enactment (participants put new skills or 

behaviours in practice) were not described (Table 3-2).  
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3.3.5 Primary outcome: 

All the included studies (n=825 participants) reported the 

percentage of PCP office follow-up visits after an asthma exacerbation. 

Emergency department-directed educational interventions significantly 

increased the proportion of office follow-up visits after ED discharge for 

acute asthma (RR = 1.6; 95% CI: 1.31, 1.87); there was no statistical 

heterogeneity for this outcome (I2 = 0%; Figure 3-3). The median time to 

outcome assessment was four weeks from the index ED presentation 

(interquartile range [IQR]: 4, 6). Based on an absolute increased risk of 

0.19 (95% CI: 0.11, 0.26), the number needed to treat (NNT) for benefit 

was 6 (95% CI: 4, 11).  

3.3.6 Secondary outcomes: 

All the included studies reported the percentage of relapses. There 

was no statistically significant difference in the proportion of relapses 

between ED-directed educational interventions and usual care (RR = 1.3; 

95% CI: 0.82, 1.98); statistical heterogeneity for this outcome was low (I2 = 

23%; Figure 3-4). The median time to outcome assessment was three 

months from the index ED presentation (IQR: 1, 3). Time to first PCP 

office follow-up visit and relapse was not consistently reported among the 

included studies. Non-published data from one of the studies revealed that 

the median time for a first PCP office follow-up visit was 18 days (IQR: 11, 

45) in the educational intervention arm compared to a median time of 16 

days (IQR: 3, 52) in the usual care arm. This study also found that the 
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median time to first relapse in the educational group was 45 days (IQR: 4, 

65) compared to 28 days (IQR: 12, 45) in the usual care arm.162 Three 

studies reported the percentage of admissions, assessed at two, three and 

12 months, respectively.162-164 No statistically significant difference in 

hospital admissions was observed between the groups that received ED-

directed education interventions compared to usual care (RR =0.51; 95% 

CI: 0.24, 1.06); there was no statistical heterogeneity for this outcome 

(I2=0%; Figure 3-5).  

Self-management and quality-of-life metrics were poorly reported in 

the included studies. One study reported a higher proportion of patients 

having written AAPs (46% vs. 25%, p=0.02) and higher quality-of-life 

scores (5.7± 1.2 vs. 5.0± 1.3, p=0.01) in the educational intervention arm 

at the six-month follow-up; however these differences disappeared at 12 

months.166 Most of the studies reported no difference in medication 

compliance between their comparison groups (data not available).162-166 

3.3.7 Subgroup and sensitivity analyses: 

Sub-group analyses based on time to relapse (i.e., three weeks, 

three and 12 months) did not show a specific change in the direction of the 

effect or significant changes in the magnitude and precision of the pooled 

estimates. The results of the analyses using a fixed effects model were 

very similar (RR = 1.56; 95% CI: 1.31, 1.86). 
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3.4 Discussion 

This systematic review revealed that ED-directed educational 

interventions targeting either adult asthma patients or their PCPs led to a 

greater likelihood of having follow-up with a clinician after ED discharge for 

an acute exacerbation. Approximately six patients would need to receive 

ED-directed education after being discharged in order to generate one 

office follow-up visit with a PCP. This conclusion arises from five RCTs 

involving 825 participants and usually measuring this outcome four weeks 

after the index ED presentation. These results add value to previous 

findings;117 they clarify the benefit of ED-directed educational interventions 

on a specific subgroup of the asthma population.167 They also point out, 

however, that early PCP visits don’t necessarily impact patient-oriented 

outcomes. The contribution of having an effective ED-PCP linkage to 

improve the continuum of asthma care stills need to be clarified.168 

The review failed to identify a significant reduction in the proportion 

of relapses after the index ED presentation resulting from educational 

interventions. Similarly to previous reviews, statistical imprecision and 

unclear RoB of the individual studies precluded a meaningful interpretation 

of their pooled estimate.117 Differences in the direction of the effect could 

be explained by the specific population targeted in this review (only those 

asthmatics who were discharged from the ED); however, the lack of a 

significant reduction on relapses in this and a previous systematic 

review117 may be interpreted in several ways. First, the low frequency of 
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events and the small samples in individual studies highlight the need of 

more research in this area. Second, increased proportions of both PCP 

office follow-up visits and relapses in those who attend the ED and are 

discharged may be related to issues outside the hospital (e.g., problems 

filling prescriptions and difficulties accessing counseling or educational 

programs). These post-ED issues may play an important role in specific 

subgroups of patients such as those with low income, minority groups, 

documented non-compliance and poor access to health care.145 Third, 

different levels of interventions during these post-ED PCP office follow-up 

visits could be influencing these results; as it has been shown for 

medication adjustment,169 the provision or revision of written AAPs, 

counseling on adequate inhaler techniques, smoking cessation, influenza 

vaccination and referral to asthma education could have a positive impact 

on such asthma-related outcomes. The difference between being seen by 

a PCP vs. being seen by a PCP with special interest and training in 

asthma education after and ED visit has not been formally assessed; 

however, skills and resources available to patients at the time of follow-up 

(e.g., development of a written AAP appropriate for their level of asthma 

control and health literacy) may influence the effectiveness of the 

educational interventions on health outcomes.78 Finally, similarly to 

previous reviews, educational interventions were associated with a 

reduction in hospital admissions.117 While the imprecision and lack of 

statistical significance in our review may be related to the low frequency of 
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these events and the small study samples; a 50% reduction in the 

proportion of hospital admissions (with a potential reduction of 76% and a 

6% increase) is a clinically important finding that could be clarified with the 

addition of a small number of studies. 

Similarities in the components of the educational interventions 

across the included studies may explain the low statistical heterogeneity 

observed for the two outcomes evaluated in the meta-analysis; co-

interventions such as the provision of a short course of oral 

corticosteroids, transportation vouchers and letters faxed to the patient’s 

PCP office were delivered in more than one study. The assessment of 

intervention fidelity confirmed that description of the objectives, methods 

and content of educational interventions targeting adults with asthma are 

quite variable.170 The most common fidelity factors lacking in the included 

studies were a clear theoretical foundation and the use of measures of 

participants’ acquisition of knowledge (e.g., better understanding) and 

implementation of new behaviors (e.g., development of new skills and 

change in practices).  

Despite the positive impact on health-related outcomes, educational 

interventions in asthma have been strongly criticized due to difficulties in 

replication and limited applicability in busy and overcrowded environments 

like EDs.171 Some of the factors that may limit the external validity of ED-

directed educational trials are the absence of primary care coverage in 

many settings, the lack of asthma education training and/or dedicated time 
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to provide education among emergency physicians and PCPs; insufficient 

evidence on the cost-effectiveness of the assistance that health 

professional liaisons such as trained asthma educators, nurses, 

respiratory therapists and pharmacists are currently providing in transitions 

in care between the ED and the primary care setting75, 76 can also explain 

the delay in incorporating evidence into practice.123 While progress has 

been made on identifying what works and what does not work in adult 

asthma education,117, 157, 158, 172-174 a call to standardize the description and 

evaluation of proposed interventions still needs to be made.159, 170 Similarly 

to what exists for other study designs,175 research on predictors of 

effectiveness such as intervention fidelity, can help researchers reach 

more robust conclusions on the information that should consistently be 

measured and reported. The overall goal of enhancing the fidelity and 

integrity of these interventions can be supported by demonstrating that 

changes in effect sizes are attributable to one or more independent 

variables (fidelity domains). Finally, the cost-effectiveness of educational 

interventions in asthma such as the ones included in this review is 

unknown. High costs and inadequate implementation fidelity have been 

proposed as important barriers to the dissemination of innovative and 

effective programs in other settings.176 

3.4.1 Limitations 

The strengths of this systematic review pertain to its rigor in 

searching the literature, the criteria-based selection of studies, the 
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approach to assessing study validity and implementation fidelity 

assessment, and the evidence-based inferences. The review has several 

limitations that should be noted. First, study inclusion was restricted to 

RCTs based on our interest in summarizing the highest quality evidence to 

provide support to current guideline recommendations. Six studies 

identified by our searches were excluded due to non-experimental 

(n=3)177-179, before/after (n=2)180, 181 and pilot (n=1)182 designs. While some 

of these studies showed a positive effect on indicators such as asthma 

control, asthma knowledge, medication use, health-resources utilization 

and found relatively good acceptability among patients and ED staff, they 

consistently highlighted the need for evaluations of repeated-measures in 

a randomized trials before this evidence can be implemented in clinical 

practice. Second, due to the small number of studies for each comparison, 

we were unable to formally assess the potential for publication bias. 

Nonetheless, a comprehensive search of the published and grey literature 

was conducted without restrictions on publication status or language of 

publication. Consequently, the risk of publication bias should be low. 

There is also the possibility of study selection bias. To address this, at 

least two independent reviewers identified potentially relevant studies and 

the authors are confident that the studies that were excluded were done 

so for consistent and appropriate reasons. 

There are other limitations in this review that are inherent to the 

characteristics of the individual studies. First, while statistically robust, 
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meta-analysis results are derived from studies rated as unclear in the RoB 

assessment (only moderate quality evidence). Second, inconsistent and 

incomplete outcome reporting precluded the statistical pooling of other 

outcomes such as time to first PCP office follow-up visit, time to first 

relapse, self-efficacy and self-management metrics. Third, despite 

similarities in the components of education interventions across the 

studies, variation in the reporting of their characteristics limited the 

assessment of intervention fidelity and the analysis of the relative 

effectiveness of specific domains. Consequently, it was difficult to 

determine which specific component(s) of the intervention were beneficial 

and under which circumstances. Fourth, the poor description of factors 

that could be influencing study outcomes (e.g., different levels of health 

literacy, multilingual populations) limited the interpretation of individual and 

pooled effects.  

3.5 Conclusion 

This review provides evidence supporting consideration of ED-

directed educational interventions targeting either adult patients or 

providers as effective strategies to increase office follow-up visits with a 

PCP after asthma exacerbations. It does not provide conclusive evidence 

to suggest that these interventions are effective in improving other health-

related outcomes such as relapses or admissions. The decision to 

implement ED-directed educational interventions should rely on more than 

an indicator of effectiveness and take into account factors limiting the 
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external validity of systematic review findings (e.g., providers’ 

skills/training, targeted populations, ED setting/ health system 

characteristics of included studies). What exactly works, in whom, under 

which conditions and based on what cost should be further assessed and 

incorporated into evidence synthesis methods of behavioral trials. Future 

research should focus on standardizing the reporting of non-

pharmacologic interventions among scientific journals and evaluating their 

costs. This will promote the sharing, comparison and synthesis of 

experience, and facilitate the translation of research results into clinical 

practice.147  
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Table 3-1 Characteristics of included studies. 

Authors Year Country Sample 
size 

Age 
(years) 

Outcomes Follow-up 
period 

Baren et al. 2001 United 
States 192 16-46 

PCP follow-up visit 
after ED discharge 4 weeks 

Relapses 21 days 

Sin et al.  2004 Canada 125 5-50 

Quality of life 

Asthma control 

Use of anti-asthma 
medications and 
written asthma 
action plans 

PCP follow-up visit 
after ED discharge 

Relapses 

1, 2, 3, 6 
and 12 
months 

Baren et al. 2006 United 
States 384 2-54 

PCP follow-up visit 
after ED discharge 

Relapses 
30 days  

ED visits 

Hospitalizations for 
asthma 

Use of anti-asthma 
medications 

Symptoms 

Activity limitation 

12 months 

Rowe et al. 2006 Canada 104 8-60 
PCP follow-up visit 
after ED discharge 

Relapses 

3 and 6 
weeks 

Rowe et al.  2013 Canada 80 18-94 
PCP follow-up visit 
after ED discharge 

Relapses 

30 and 90 
days 

Note: PCP denotes primary care providers; ED= emergency department. 
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Table 3-2. Fidelity assessment of studies’ interventions. 

Study Domains 
Steps taken to ensure fidelity 

How was fidelity assessed? 

Baren 
et al. 
2001 

Fidelity to 
Theory 

No theoretical framework. 

N/A 

Provider 
Training 

Trained research assistants. 

N/A 

Intervention 
Implementation 

Intervention: Self-contained "fanny pack" including: 5-day 
course of oral prednisone (50 mgs/day) + 2 taxicab vouchers 
for transportation to the PCP office + asthma information card 
+ written instructions for the use of medication and vouchers. 
Participants were contacted by phone within 48 hours of ED 
release and reminded to make an appointment with the PCP. 

Control: ED-discharge instructions and medication 
prescription at the discretion of the treating physician. All study 
participants with no PCP were referred to a hospital-based 
asthma clinic that had agreed to accept referrals.  

Standard delivery materials were used. The study personnel 
tracked utilization of transportation vouchers; no subgroups 
analyses were made. No measures of provider monitoring and 
no strategies to prevent contamination are described. 

Intervention 
Receipt 

No 

N/A 

Intervention 
Enactment 

No 

N/A 

Sin et 
al. 
2004 

Fidelity to 
Theory 

No theoretical framework. 

N/A 

Provider 
Training 

A study coordinator. 

N/A 

Intervention 
Implementation 

Intervention: A study coordinator made an appointment with 
the patient's PCP on behalf of the patient. Patients received a 
phone call 1-2 days before the scheduled follow-up visit. 

Control: Patients were encouraged to visit their regular PCP 
within 4 weeks of discharge. 

There is no mention that standard delivery materials were 
used. No measures of provider monitoring are described. 
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Intervention 
Receipt 

No 

N/A 

Intervention 
Enactment 

No 

N/A 

Baren 
et al. 
2006 

Fidelity to 
Theory 

No theoretical framework. 

N/A 

Provider 
Training 

Research assistants. 

N/A 

Intervention 
Implementation 

Intervention: B: 5-day course of prednisone (2 mg/kg/day up 
to 50 mgs/day) + two taxicab transportation vouchers ($15.00 
each) to travel to and from the PCP office (patients were 
instructed on how to use them); C: interventions stated above 
(B) + patients completed a preference-for-appointment form to 
assist in arranging their follow-up. Control: Usual discharge 
instructions from treating physician. 

Standard delivery materials were used. No subgroups 
analyses were made. No measures of provider monitoring and 
strategies to prevent contamination are described. 

Intervention 
Receipt 

No 

N/A 

Intervention 
Enactment 

No  

N/A 

Rowe 
et al. 
2006* 

Fidelity to 
Theory 

No theoretical framework. 

N/A 

Provider 
Training 

Research nurses. 

N/A 

Intervention 
Implementation 

Intervention: At discharge, patients were provided a written 
asthma action plan (AAP) from the Canadian Thoracic Society. 
They were also encouraged to visit their PCP and review the 
AAP in detail. A typed letter was faxed to the patients' PCP 
office outlining the need for a follow-up and the gaps in care 
identified during the interview. Control: Usual discharge 
instructions. All study patients received a package including a 
standardized discharge plan: web resources, information about 
asthma exacerbations, education on medication compliance.  

Standard delivery materials were used. No measures of 
provider monitoring are mentioned; strategies to prevent 
contamination are not described. 

 68 



Intervention 
Receipt 

No 

N/A 

Intervention 
Enactment 

No 

N/A 

Rowe 
et al. 
2013** 

Fidelity to 
Theory 

No theoretical framework. 

N/A 

Provider 
Training 

Research nurses. 

N/A 

Intervention 
Implementation 

Intervention: An individualized "Lung Attack Letter" was faxed 
to the patients' PCP. The Lung Attack Letter" summarized the 
following points: a) that the PCP’s asthma/COPD patient has 
had a presentation to the ED for an exacerbation but did not 
require a prolonged hospital admission; b) description of the 
ED and discharge management plan; c) recommendation to 
the PCP to follow up with the patient within 1-2 weeks after 
discharge from the ED; d) care gaps identified in the patients 
chronic management of asthma/COPD based on the Canadian 
Thoracic Society guidelines. Control: Usual discharge 
instructions. Patients received a standardized outpatient 
protocol including printed asthma/COPD educational materials 
from the Canadian Lung Association; they were advised to 
follow up with their PCP.  

Standard delivery materials were used. No measures of 
provider monitoring are mentioned; strategies to prevent 
contamination are not described. 

Intervention 
Receipt 

No 

N/A 

Intervention 
Enactment 

No 

N/A 

* Fidelity was assessed based upon a manuscript draft provided by the study 
authors; 

** Fidelity was assessed based upon a study protocol provided by the study 
authors. 

  

 69 



Figure 3-1 Literature search. 

 

Reproduced from: Villa-Roel C, et al. Acad Emerg Med. 2016; 23:5-13 
 

  

 70 



Figure 3-2 Risk of bias assessment of the included studies. 
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Figure 3-3 Effect of ED-directed educational interventions on 

percentage of primary care provider follow-up after an ED visit for 

acute asthma. 

 Reproduced from: Villa-Roel C, et al. Acad Emerg Med. 2016; 23:5-13 
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Figure 3-4 Effect of ED-directed educational interventions on 

percentage of relapses after an ED visit for acute asthma. 

 

Reproduced from: Villa-Roel C, et al. Acad Emerg Med. 2016; 23:5-13 
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Figure 3-5 Effect of ED-directed educational interventions on 

percentage of hospital admissions after an ED visit for acute asthma. 
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Appendix 3-1 Search strategies. 

1. Database: Ovid MEDLINE(R) In-Process & Other Non-Indexed 
Citations, Ovid MEDLINE(R) Daily and Ovid MEDLINE(R) <1946 to 
Present> (searched June 3, 2014) 
1     asthma.mp. or exp Asthma/ (136623) 
2     (emergen? adj2 (department* or doctor* or ward or wards or medic* or 
unit or units or care or room* or service* or physician or nurse*or 
resident*)).mp. [mp=title, abstract, original title, name of substance word, 
subject heading word, keyword heading word, protocol supplementary 
concept word, rare disease supplementary concept word, unique identifier] 
(367) 
3     exp Emergency Service, Hospital/ or exp Emergency Medical 
Services/ (95231) 
4     2 or 3 (95492) 
5     (Patient adj2 (educat* or instruct* or brochure* or teach* or 
train*)).mp. (83418) 
6     exp Patient Education as Topic/ (70082) 
7     random*.ti,ab. or rct.mp. (713824) 
8     (workbook* or ((behaviour* or behavior*) adj2 (contract* or 
agreement*))).mp. [mp=title, abstract, original title, name of substance 
word, subject heading word, keyword heading word, protocol 
supplementary concept word, rare disease supplementary concept word, 
unique identifier] (1232) 
9     (telephone adj2 (reminder* or call or reinforc*)).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword 
heading word, protocol supplementary concept word, rare disease 
supplementary concept word, unique identifier] (990) 
10     5 or 6 or 8 or 9 (85493) 
11     1 and 4 and 10 (219) 
12     11 (219) 
13     limit 12 to randomized controlled trial (40) 
14     7 and 12 (51) 
15     Emergency Treatment/ or Emergency Medicine/ or emergency 
medical services/ or emergency service, hospital/ or trauma centers/ or 
triage/ or exp Evidence-Based Emergency Medicine/ or exp Emergency 
Nursing/ or Emergencies/ or emergicent*.mp. or ((emergenc* or ED) adj1 
(room* or accident or ward or wards or unit or units or department* or 
physician* or doctor* or nurs* or treatment*or visit*)).mp. or (triage or 
critical care or (trauma adj1 (cent* or care))).mp. [mp=title, abstract, 
original title, name of substance word, subject heading word, keyword 
heading word, 
protocol supplementary concept word, rare disease supplementary 
concept word, unique identifier] (201348) 
16     asthma*.mp. or exp Asthma/ [mp=title, abstract, original title, name 
of substance word, subject heading word, 
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keyword heading word, protocol supplementary concept word, rare 
disease supplementary concept word, unique identifier] 
(139965) 
17     10 and 15 and 16 (419) 
18     exp child/ or exp congenital/ or exp infant/ or exp adolescence/ or 
exp infant, newborn/ or exp child, preschool/ 
or (pediatric* or paediatric* or child* or newborn$ or adolescen* or 
newborn* or congenital* or infan* or preschool* or 
pre-school* or teen$ or kindergarden$ or kindergarten* or elementary 
school$ or nursery school$ or youth$ or baby$ or 
babies or neonat$ or schoolchild* or toddler$ or boy or boys or girl* or 
pubescen* or juvenile* or adolesc*or 
pre-pubesc*).mp. or (child* or adolesc* or pediat* or paediat*).jn. 
(3511151) 
19     17 not 18 (129) 
20     17 (419) 
21     exp Adult/ (5549596) 
22     17 not 19 (290) 
23     21 and 22 (107) 
24     19 or 23 (236) 
25     7 or 13 (713827) 
26     24 and 25 (58) 
27     14 or 26 (86) 

 
2. Database: Embase <1974 to 2014 Week 22> (searched June 3, 
2014) 
1     asthma.mp. or exp Asthma/ (210713) 
2     (emergen? adj2 (department* or doctor* or ward or wards or medic* or 
unit or units or care or room* or service* or physician or nurse*or 
resident*)).mp. [mp=title, abstract, subject headings, heading word, drug 
trade name, original title, device manufacturer, drug manufacturer, device 
trade name, keyword] (547) 
3     exp Emergency Service, Hospital/ or exp Emergency Medical 
Services/ or exp emergency health service/ (65991) 
4     2 or 3 (66447) 
5     (Patient adj2 (educat* or instruct* or brochure* or teach* or 
train*)).mp. (129237) 
6     exp Patient Education as Topic/ (85540) 
7     random*.ti,ab. or rct.mp. (887500) 
8     (workbook* or ((behaviour* or behavior*) adj2 (contract* or 
agreement*))).mp. [mp=title, abstract, subject 
headings, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword] (1617) 
9     (telephone adj2 (reminder* or call or reinforc*)).mp. [mp=title, abstract, 
subject headings, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword] (1462) 
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10     5 or 6 or 8 or 9 (132093) 
11     1 and 4 and 10 (96) 
12     11 (96) 
13     limit 12 to randomized controlled trial (5) 
14     7 and 12 (15) 
15     Emergency Treatment/ or Emergency Medicine/ or emergency 
medical services/ or emergency service, hospital/ or trauma centers/ or 
triage/ or exp Evidence-Based Emergency Medicine/ or exp Emergency 
Nursing/ or Emergencies/ or emergicent*.mp. or ((emergenc* or ED) adj1 
(room* or accident or ward or wards or unit or units or department* or 
physician* or doctor* or nurs* or treatment*or visit*)).mp. or (triage or 
critical care or (trauma adj1 (cent* or care))).mp. [mp=title, abstract, 
subject headings, heading word, drug trade name, original title, device 
manufacturer, drug manufacturer, device trade name, keyword] (254696) 
16     asthma*.mp. or exp Asthma/ [mp=title, abstract, subject headings, 
heading word, drug trade name, original title, device manufacturer, drug 
manufacturer, device trade name, keyword] (213020) 
17     10 and 15 and 16 (640) 
18     exp child/ or exp congenital/ or exp infant/ or exp adolescence/ or 
exp infant, newborn/ or exp child, preschool/ or (pediatric* or paediatric* or 
child* or newborn$ or adolescen* or newborn* or congenital* or infan* or 
preschool* or pre-school* or teen$ or kindergarden$ or kindergarten* or 
elementary school$ or nursery school$ or youth$ or baby$ or babies or 
neonat$ or schoolchild* or toddler$ or boy or boys or girl* or pubescen* or 
juvenile* or adolesc*or pre-pubesc*).mp. or (child* or adolesc* or pediat* 
or paediat*).jn. (3632986) 
19     17 not 18 (289) 
20     17 (640) 
21     exp Adult/ (5332705) 
22     17 not 19 (351) 
23     21 and 22 (109) 
24     19 or 23 (398) 
25     7 or 13 (887502) 
26     24 and 25 (69) 
27     14 or 26 (78) 
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3. Database: CINAHL (searched June 3, 2014) 

 
 

4. Database: SCOPUS (searched June 3, 2014) 
((TITLE-ABS-
KEY(emergen* W/3 (department* OR service* OR medic* OR doctor* OR 
physician* OR nurse* OR resident* OR ward OR wards OR unit OR units 
OR room* OR care))) AND (TITLE-ABS-
KEY(patient* W/3 (educ* OR teach* OR train* OR instruct* OR brochure* 
OR workbook*))) AND (TITLE-ABS-KEY(asthma*)) AND (TITLE-ABS-
KEY(rct OR random* OR placebo*))) AND 
NOT (TITLE(child* OR pediatric* OR adolesc* OR youth))  

 
5. Database: ERIC (1965 to April 2014) 
1     asthma.mp. (489) 
2     (emergicent* or ((emergenc* or ED) adj1 (room* or accident or ward 
or wards or unit or units or department* or 
physician* or doctor* or nurs* or treatment*or visit*)) or (triage or critical 
care or (trauma adj1 (cent* or 
care)))).mp. [mp=abstract, title, heading word, identifiers] (628) 
3     1 and 2 (20) 
4     exp Older Adults/ or adult.mp. or exp Adults/ or exp Young Adults/ 
(109526) 
5     3 and 4 (2) 

 
6. Database: Proquest Dissertations and Theses Full Text  (searched 
June 3, 2014) 
Search #1: all(emerg* W/3 (doctor* OR department* OR unit OR units OR 
ward OR wards OR nurse* OR resident* OR physician* OR service* OR 
room*)) AND all(asthma*) AND all(patient* W/3 (educate* OR train* OR 
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instruct* OR teach* OR pamphlet* OR brochure* OR workbook OR plan* 
OR "behav*contract*" OR "behav* agree*")) = 16 
Search #2: all(emerg* W/3 (doctor* OR department* OR unit OR units OR 
ward OR wards OR nurs* OR resident* OR physician* OR service* OR 
room*)) AND all(asthma*) AND all((phone* or telephone*) w/3 (call* OR 
reinforc* OR remind* OR follow-up*)) = 3 

 
7. Google Scholar   (searched June 3, 2014) 
First ten pages: emergency and "patient education" and asthma * and rct 
or random * * * 

 
8. Database: OVID EBM All 
Ovid Technologies, Inc. Email Service 
Search for: 10 or 14 
Results: Database: EBM Reviews - Cochrane Database of Systematic 
Reviews <2005 to April 2014>, EBM Reviews - ACP Journal Club <1991 
to May 2014>, EBM Reviews - Database of Abstracts of Reviews of 
Effects <2nd Quarter 2014>, EBM Reviews – Cochrane Central Register 
of Controlled Trials <April 2014>, EBM Reviews - Cochrane Methodology 
Register <3rd Quarter 2012>, EBM Reviews - Health Technology 
Assessment <2nd Quarter 2014>, EBM Reviews - NHS Economic 
Evaluation Database <2nd Quarter 2014> 
Search Strategy: 
1     (Patient adj2 (educat* or instruct* or brochure* or teach* or 
train*)).mp. (8769) 
2     exp Patient Education as Topic/ (5731) 
3     (workbook* or ((behaviour* or behavior*) adj2 (contract* or 
agreement*))).mp. [mp=ti, ab, tx, kw, ct, ot, sh, hw] 
(256) 
4     (telephone adj2 (reminder* or call or reinforc*)).mp. [mp=ti, ab, tx, kw, 
ct, ot, sh, hw] (660) 
5     1 or 2 or 3 or 4 (9515) 
6     Emergency Treatment/ or Emergency Medicine/ or emergency 
medical services/ or emergency service, hospital/ or 
trauma centers/ or triage/ or exp Evidence-Based Emergency Medicine/ or 
exp Emergency Nursing/ or Emergencies/ or 
emergicent*.mp. or ((emergenc* or ED) adj1 (room* or accident or ward or 
wards or unit or units or department* or 
physician* or doctor* or nurs* or treatment*or visit*)).ti,ab,kw. or (triage or 
critical care or (trauma adj1 (cent* or 
care))).ti,ab,kw. (7377) 
7     asthma*.ti,ab. or exp Asthma/ [mp=ti, ab, tx, kw, ct, ot, sh, hw] 
(20540) 
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8     5 and 6 and 7 (115) 
9     exp child/ or exp congenital/ or exp infant/ or exp adolescence/ or exp 
infant, newborn/ or exp child, preschool/ 
or (pediatric* or paediatric* or child* or newborn$ or adolescen* or 
newborn* or congenital* or infan* or preschool* or 
pre-school* or teen$ or kindergarden$ or kindergarten* or elementary 
school$ or nursery school$ or youth$ or baby$ or 
babies or neonat$ or schoolchild* or toddler$ or boy or boys or girl* or 
pubescen* or juvenile* or adolesc*or 
pre-pubesc*).mp. or (child* or adolesc* or pediat* or paediat*).jn. (165967) 
10     8 not 9 (27) 
11     8 (115) 
12     exp Adult/ (344563) 
13     8 not 10 (88) 
14     12 and 13 (26) 
15     10 or 14 (53) 

 
9. Prospero 
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Appendix 3-2 List of excluded articles. 

(1) Apter AJ. Advances in adult asthma diagnosis and treatment and 
health outcomes, education, delivery, and quality in 2008. J Allergy Clin 
Immunol 2009;123(1):35-40.  
(2) Bailey WC. Providing asthma education: An asthma self-management 
program. Canadian Respiratory Journal 1996;3(SUPPL. A):29A-33A.  
(3) Bailey WC, Richards JM, Brooks CM, Soong SJ, Windsor RA, 
Manzella. A randomized trial to improve self-management practices of 
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4 ENGAGING PATIENTS AND PRIMARY CARE PROVIDERS IN 

THE DESIGN OF NOVEL OPINION LEADER BASED INTERVENTIONS 

FOR ACUTE ASTHMA IN THE EMERGENCY DEPARTMENT: A MIXED 

METHODS STUDY 

4.1 Introduction 

Asthma is a chronic lung disease characterized by airway 

inflammation punctuated by episodes of instability, often in response to a 

variety of triggers. Despite improved understanding of the pathophysiology 

of asthma183 and therapeutic advances, asthma control remains elusive for 

many patients.121 This loss of control results in frequent exacerbations 

which may result in emergency department (ED) visits.184 

While the pharmacologic ED management of acute asthma has 

been recognized as “evidence-based”,147 there is a need to facilitate the 

transitions in care between acute care settings such as the ED and 

community-based follow-up with primary care providers (PCPs). Important 

knowledge and care gaps have been identified in adults presenting to EDs 

with asthma exacerbations;119 some of these gaps are more common in 

subjects at high risk of admissions and relapses.139, 185 In addition, follow-

up visits with a PCP after ED discharge have shown to be delayed or non-

existent.120 Recently published and widely disseminated asthma 

guidelines have highlighted the essential role of patient education and the 

establishment of post-ED care partnerships after an asthma 

exacerbation.1 These strategies are designed to maintain asthma control, 
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prevent poor health outcomes and maximize patient quality of life; 

however, the evidence supporting such guidance is mixed.117, 118 and this 

makes any plan for sustained implementation a complex and challenging 

endeavor.186 

Opinion leaders (OL) are recognized as local educational 

specialists capable of influencing their colleagues with their knowledge.187 

Effective, safe and responsive OL-based interventions have shown to 

improve professional practice and health outcomes;188 active OL-based 

multifaceted interventions targeting different barriers to change have been 

proposed as novel strategies for knowledge transfer.189 The involvement 

of OLs in the implementation of quality improvement and educational 

interventions in health care is not necessarily effective under all 

circumstances, their benefits seem to be intervention and disease 

specific.190  

Emergency department-directed OL-based interventions targeting 

chronic conditions, such as osteoporosis, have facilitated PCPs linkages, 

improved PCP follow-up and resulted in large improvements in appropriate 

testing and treatment compared with usual care.191, 192 While community-

based influential physicians have been shown to influence the behaviour 

of peers, reduce their need to participate in traditional educational 

programs and improve care in patients with chronic obstructive disease 

(COPD),193 ED-based studies comparing OL-endorsed treatment 

recommendations for ambulatory asthma and COPD with usual care found 
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no increase in PCP follow-up visits at 30 days or reduction of relapses at 

90 days.162  

To date, the effectiveness of OL-based multifaceted interventions 

facilitating the transitions in care between the ED and the primary care 

setting improve health outcomes after asthma exacerbations has not been 

established. In addition, the specific value of letting patients and PCPs’ 

perceptions and expectations influence the content of these interventions 

has been infrequently studied.194, 195 Therefore, the aim of the current 

study was to seek input from patients and PCPs on the design of novel 

OL-based multifaceted interventions for acute asthma.  

4.2 Methods 

4.2.1 Study design: 

A sequential explanatory mixed methods design was employed, 

which involved quantitative (survey) and qualitative (focus groups) data 

collection. The structure of the mixed-methods approach is QUAN → qual, 

in which quantitative methods precede qualitative and the quantitative 

methods are dominant.196 This sequential approach serves the function of 

convergence and complementarity to seek elaboration and clarification of 

survey results. The study was approved by the University of Alberta Health 

Research Ethics Board (Pro00023191; Appendix 1). Written informed 

consent was waived; patients and PCPs’ voluntary responses/participation 

reflected their consent to take part in the study.  
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4.2.2 Quantitative methods (surveys): 

Over a four month period, a consecutive sample of at least 50 

patients with physician-diagnosed asthma who had ever presented to the 

ED for acute asthma were invited by trained research assistants to 

complete a self-administered non-validated survey, regardless of their 

reason for ED presentation to the University of Alberta Hospital. 

Information on demographics, primary care support and perceptions of an 

ideal local OL in ambulatory asthma care was collected; preferences 

regarding the content, style and delivery methods of OL-based 

interventions in acute asthma directed from EDs were also gathered. The 

survey took approximately 10 minutes to complete. 

During the same period of time, a random sample of 50 PCPs 

(family physicians from the Edmonton area) was chosen from the College 

of Physicians and Surgeons of Alberta website (www.cpsa.ab.ca) and 

each was invited to participate in an electronic survey. Due to a null 

response to the electronic survey, surveys were subsequently faxed to a 

second random sample of 150 PCPs chosen from the same website. Due 

to a low response to this second attempt, surveys were distributed during 

an academic event involving family physicians from the Edmonton area. 

Apart from the same information collected in the patient survey, training 

designation and years of clinical experience were documented. 

At the end of both surveys, patients and PCPs were invited to 

participate in separate focus groups to discuss their responses, to further 
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explore their preferences and expectations regarding the delivery of ED-

directed interventions for asthma care involving OLs, and to debate their 

potential impact on clinical practice. 

4.2.3 Qualitative methods (Focus groups): 

Focus group questions were developed following a semi-structured 

format with open-ended questions.197 Introductory questions were 

developed to build rapport and encourage an open discussion among 

participants. After introductions, survey results were presented and focus 

group moderators asked a series of probing questions about participants’ 

preferences on the delivery of ED-directed educational interventions for 

asthma care involving OLs; the ideal content, style and delivery methods 

to improve patient-PCP linkages were also sought. Potential barriers for 

intervention implementation and knowledge uptake were also explored. 

Two focus group discussions (2 hours each) were conducted with 

the same instructions and questions. One researcher with experience in 

qualitative research moderated them with the aid of two clinician-

researchers. Focus groups were audio recorded; however, two process 

facilitators also completed field notes that documented the main themes of 

the session and any observations pertinent to the study aims. Focus group 

discussions and notes were transcribed verbatim.  
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4.2.4 Data analysis: 

The results of the surveys were analyzed and summarized using 

descriptive statistics: proportions for categorical variables and medians 

with percentiles and interquartile range (IQR: P25, P75) for continuous 

variables (due to a non-normal distribution). Data were analyzed using 

Stata Statistical Software® Release 13.0 (College Station, TX, Stata 

Corporation). 

A conventional approach to content analysis was used to create 

coding categories and identify themes and patterns derived directly from 

the lived experience at the focus groups.198, 199 Patient and PCPs’ 

responses (including the identification of barriers and facilitators for 

potential implementation) were interpreted from the content of text data 

and not from a pre-existing theoretical framework. Data transcripts were 

condensed into text segments that were coded based upon emergent 

themes that were continually refined and compared to each other. Finally, 

categories were aggregated into broader themes related to participants’ 

preferences, expectations and views on barriers and facilitators for the 

delivery of ED-based education interventions for asthma. Excerpts from 

participants’ narratives were used to illustrate the main themes derived 

from focus group discussions. 

4.3 Results 

Figure 4-1 summarizes the study recruitment strategies and the 

response/participation for the surveys and the focus groups, respectively. 
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4.3.1 Patient survey results: 

A total of 54 patients with asthma completed the survey; their 

median age was 44 (IQR: 27, 58) years and 55% were female. Overall, 

65% of patients reported a family physician frequently managed their 

asthma; 39% preferred to receive guidance regarding their asthma 

exacerbation from a Respirologist, 44% during their ED visit and 56% 

through one-on-one discussions. In addition, 55% expressed interest in 

having PCP follow-up within a week of being discharged from the ED; 

however, the difficulty obtaining a follow-up visit was reported as moderate 

on a 1-7 Likert scale ranging from very difficult (1) to very easy (7); the 

median was 4 (IQR: 3, 6). 

4.3.2 Primary care provider survey results: 

The response rates to the PCP faxed-surveys and to the surveys 

handed-out in an academic event were 11% (n = 17/150) and 63% 

(n=22/35), respectively. A total of 39 PCPs completed the survey; 39% of 

them were in the 46-55 years age category and 72% were female. A 

Respirologist was identified as an ideal OL in ambulatory asthma by 59% 

of the respondents. All PCPs expressed interest in receiving notification of 

their patients’ ED acute asthma presentation; 62% considered 

personalized, guideline-based, recommendations to be the ideal content of 

an educational intervention directed from the ED and 39% were inclined to 

receive this guidance through an educational pamphlet faxed to their 

offices. Finally, 54% preferred this notification within a week of ED 
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discharge including details on: ED treatment (95%), final diagnosis (92%), 

and post-ED treatment (87%). 

4.3.3 Focus group results: 

Findings include a description of participants’ characteristics, 

preferences, expectations and views on barriers and facilitators for the 

delivery of OL-based educational interventions for asthma directed from 

the ED. Table 4-1 summarizes patients and PCPs’ illustrative statements 

for the main themes that emerged from these activities. 

4.3.3.1 Patients: 

From 24 patients with asthma who completed the survey and 

agreed to participate in the focus group, six attended. Their median age 

was 54.5 years (IQR: 52, 58) and six were females. All but one patient had 

a PCP (family doctor) and reported current regular use of medication to 

control asthma. Analysis revealed four main themes that emerged from 

the focus group discussions: 

4.3.3.1.1 Theme 1: Preference for specialized knowledge: 

Patients recognized the benefits of asthma education uptake while 

in the ED and expressed preference for specialized education (from a 

Respirologist) regarding the asthma episode that brought them to the ED. 

While great value was given to the specialized knowledge of 

Respirologists (e.g., about the role of different medication options) patients 

recognized these physicians may not be available for the provision of post 
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discharge self-management education. Other health care providers 

working in the ED (e.g., nurses, respiratory therapists or pharmacists) 

were identified as alternative clinicians who could address these topics 

(Table 1). 

4.3.3.1.2 Theme 2: Anxiety as a barrier for information uptake during 

the ED visit: 

One of the most profound themes was the role of anxiety as a 

barrier for asthma education in the ED. Patients reported that asthma 

exacerbation episodes typically trigger high levels of anxiety. The 

predominant message was that anxiety acted as a potential deterrent to 

knowledge uptake as it adversely interfered with complex cognitive 

processing of information (Table 1).  

4.3.3.1.3 Theme 3: Role, content and provider of “teachable moments” 

in the ED: 

Participants agreed that the ED offers a short window of time to 

receive education about asthma; however, they considered the opportunity 

and content of “teachable moments” may vary according to symptom 

severity and anxiety levels during the ED stay. Although receptive, 

participants expressed concerns about information overload that could 

prevent them from accurately remembering concepts after discharge. 

They mentioned that information provided in the ED sometimes is not 

clear and leaves them confused and with several doubts about future 

steps. Patients recognized the uptake of fragmented information from their 
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interaction with several health providers during their ED stay (e.g., nurse, 

respiratory therapist, pharmacist, ED physician). For example, some 

participants acknowledged the importance of receiving information from a 

pharmacist regarding the appropriate use of inhalers prior to discharge; 

however, discussions about comprehensive chronic self-management 

were preferred to occur outside the ED (Table 1). 

4.3.3.1.4 Theme 4: Importance of transitions of care from emergency 

to the primary care settings: 

Participants acknowledged the importance of ongoing education 

after ED discharge to support their self-management skills. There was 

almost unanimous feeling that disconnection between the ED, PCP and 

Respirologists’ recommendations are an important barrier for a successful 

continuum of care. 

They emphasized the importance of timely one-on-one, follow-up 

after discharge. There were discussions about whether follow-up should 

occur with their PCP (family doctor) or with a specialist. Patients indicated 

that a long-term relationship with a family physician facilitates follow-up 

with this care provider; however, patients also felt the lack of specialized 

training in respiratory medicine would limit their ability to order and 

conduct specialized tests for monitoring their condition (Table 1). 

4.3.3.2 Primary Care Providers: 

A total of 11 PCPs who completed the survey and initially indicated 

their interest in participating in the focus group were contacted by 
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telephone and electronic mail. None of them accepted the invitation for the 

focus groups and therefore, a snowball sampling strategy was used to 

recruit additional research participants. Six PCPs (3 males and 3 females; 

all family physicians with median year of graduation: 1994 (IQR: 1989, 

2004) took part in the focus group discussion. Four main themes emerged 

from the focus group discussions with the PCPs: 

4.3.3.2.1 Theme 1: Notification and timing of follow-up after ED 

discharge: 

Participants stressed the importance of having a prompt notification 

and follow-up with their patients after they are discharged from the ED 

(e.g., within one day to one week after ED discharge) and while they are 

still on the medication prescribed during the ED visit (Table 1). 

4.3.3.2.2 Theme 2: Content of ED discharge letters and education: 

Most participants expressed preference for receiving personalized 

educational information instead of general asthma information or 

educational pamphlets faxed to their offices. There was consensus about 

the importance of receiving discharge letters explicitly indicating the final 

ED diagnosis and discharge medications. They expressed the content of 

the letter would be useful to determine how soon the follow-up 

appointment should take place (Table 1). 
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4.3.3.2.3 Theme 3: Opinion leaders for ambulatory asthma care and 

education: 

In contrast to PCP survey respondents, participants in the focus 

group expressed that family physicians would be the best OLs for 

ambulatory asthma care and education. Participants acknowledged the 

value of Respirologists as OLs though, particularly in those patients not 

having family physicians or for practitioners in the “late majority” category 

of innovation uptake. They also perceived Respirologists might be able to 

offer advice about patients not responding to traditional management 

strategies. Participants felt that family physicians had a more relatable 

perspective and that because many of the challenges of ambulatory 

asthma care are not related to treatment choices but to socio-economic 

issues, a family physician would be more equipped to act as an OL for 

education on ambulatory asthma care (Table 1). 

4.3.3.2.4 Theme 4: Time constraints for proper post –ED follow-up and 

education: 

There was general consensus that time constraints are an 

important barrier for asthma education in ambulatory care settings. 

Participants expressed that other health providers such as asthma 

educators and chronic care managers could help overcoming the 

challenges and gaps in the delivery of asthma education in the ambulatory 

care setting (Table 1).  
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4.4 Discussion 

Input from patients and PCPs regarding the content, style and 

delivery methods of OL-based interventions in acute asthma directed from 

the ED provided valuable information for the design and implementation of 

novel multifaceted interventions (NCT01079000). The identification of 

Respirologists as local OLs; of the first week after ED discharge as a 

practical window for education; and of one-on-one vs. personalized written 

materials faxed to offices as desirable delivery methods for patients and 

PCPs, respectively, are concrete examples of how contributions from 

patients and PCPs helped tailor the future study interventions. The focus 

groups allowed the reconciliation of the discrepancies with the survey 

responses through the identification of the main driver behind the OL-

selection: the preference for specialized knowledge. They also facilitated 

the identification of potential determinants for implementation.  

The fact that Respirologists were nominated by most of the survey 

respondents as the ideal clinicians to guide education after an asthma 

attack reflect their earned professional leadership role, trust and respect 

among individuals with different technical competences and status in the 

health system.190 Respirologists’ knowledge, ability to order/conduct 

specialized tests and ability to manage patients with complex respiratory 

conditions were their most valued assets. While participants in the PCPs 

focus group expressed the belief that family physicians would be the best 

OLs for ambulatory asthma care and education, the value of 
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Respirologists as OLs was still acknowledged. Both patients and PCPs, 

however, recognized the limited availability of Respirologists for the 

provision of post discharge self-management education and discussed the 

potential benefit derived from empowering other health care providers 

working in or outside the ED to assume that role. The assistance that 

trained asthma educators, nurses, respiratory therapists and pharmacists 

can provide in transitions in asthma care between the ED and the primary 

care setting has been previously described.75, 76 Finally, time constraints 

were identified as an important barrier for an effective post-ED interaction 

with PCPs. 

The first week of ED discharge was identified as a practical time 

frame for the provision of asthma education by patients and PCPs. While 

there is no clear evidence regarding the most effective time for the 

provision of asthma education, their preference would be aligned with the 

current guideline recommendations for PCP contact/follow-up.200 

Additional initiatives referred to by PCP-survey respondents such as 

faxing them a copy of the patients’ ED chart and a personalized-letter 

including details on their patients’ final diagnosis, ED and ED post-

treatment were also considered of value.194 These efforts have the 

potential to influence physicians’ behaviors (e.g., initiating contact with 

their patients, adjusting medication, making referrals, etc.); however, they 

are not part of “regular practice” in Canada and should only be 
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recommended for implementation elsewhere after their cost-effectiveness 

is assessed using rigorous research methods.201 

Given the weak evidence of benefit derived from asthma education 

provided in the ED,202, 203 its not surprising that controversy exists 

regarding the superiority of this compared to other settings.46, 147 In a 

chaotic environment like the ED, time for the delivery of anything but brief 

educational interventions directly related to the discharge and follow-up of 

a condition, may be difficult. Moreover, patients identified anxiety as a 

potential barrier for the delivery of educational interventions in the ED. The 

increasing comorbidity of anxiety disorders in patients with asthma,204 

which are usually triggered by episodes of loss of asthma control, could be 

a key and rarely-explored element influencing knowledge uptake in acute 

settings. Finally, asthma is a complex chronic disease with considerable 

knowledge and care gaps among those afflicted by it, and the delivery of 

such interventions may be better left to those with specific training in the 

area and time to provide appropriate guidance.  

4.4.1 Limitations 

The sequential explanatory mixed methods used in this study 

constitutes the main strength of this initiative to consider the perceptions of 

patients and PCPs in the design of ED-directed OL-based educational 

interventions in acute asthma. Nonetheless, our findings may not 

represent the perception of all asthmatics in Canada (or elsewhere) nor be 

generalizable to those presenting to all EDs. Efforts were made by the 
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research staff to reach non-selective samples; however, difficulty 

accessing and receiving responses from PCPs, either for the survey or the 

in-person focus group, led to a potentially biased sample of highly 

engaged clinicians. The response issues presented here are consistent 

with previous efforts205 and represent important information from which 

other researchers or health administrators can learn. In addition, the 

patient sample may have been biased as well, as the respondents were 

older and more often female than the samples engaged in ED-based 

asthma trials. While alternative practitioners (e.g., nurse practitioners) are 

generally not available to patients in this community and the potential role 

of non-traditional practitioners (e.g., acupuncturists, physiotherapists, 

holistic practitioners) was not explored for the same reasons, their 

inclusion in other settings may be quite reasonable. Finally, the sample 

sizes were small and data saturation was not formally assessed;206 

however, consistency in the qualitative responses was observed. 

4.5 Conclusions 

Messages and recommendations arising from patients and PCPs 

helped tailor ED-directed OL-based multifaceted interventions in acute 

asthma to meet the local needs and expectations. Further in depth 

discussions of the survey responses helped to identify the main drivers of 

their preferences (e.g., professional trust for OL selection), as well as 

potential barriers and facilitators for knowledge uptake and for the 

implementation of our and similar interventions. Particularly, non-
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conventional effect-modifiers (e.g., patient anxiety levels and timing of the 

intervention) might not have been discovered had a mixed methods 

approach not been employed. While the effectiveness of the tailored 

interventions are currently being investigated using clinical trial methods 

(NCT01079000), the value that both patients and PCPs provide to health 

professional liaisons as education providers is a key finding that may 

facilitate the translation of research results into clinical practice.  
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Figure 4-1 Study recruitment strategies. 
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Table 4-1 Patients and primary care providers’ statements for the 

main themes that emerged from the focus groups. 

Participants Main themes Statements 

Patients 
with 
asthma 

Preference for 
specialized 
knowledge in 
the delivery of 
ED asthma 
education 

“They know what to prescribe to you. 
They are a lot more specialized or they 
will have more idea what to give you for 
what your symptoms are”. 

Anxiety as a 
barrier for the 
uptake of 
information 
during the ED 
visit 

“You are scared, you’re terrified; you are 
focused on your breathing. Honestly I 
thought I was dying”. 

Role, content 
and provider of 
“teachable 
moments” in the 
ED: 

“I would sit with a nurse or whoever and 
talk while I am in the actual emergency 
area.  But I don’t think I am taking 
information in.  You could talk to me until 
I’m blue in the face but if I’m not well and 
having an asthmatic attack, I’m telling 
you I’m not taking the information in 
because I am not thinking”. 

Transitions of 
care from 
emergency to 
the primary care 
settings 

“Sometimes you go to see your family 
doctor and although they are trying to 
give you the best care that they can, 
they are so overwhelmed a lot of times 
with their practice that they don’t always 
have full time for you, whereas if you go 
to see your lung specialist, that’s 
basically all they are there for your 
problem. Your family doctor can’t do the 
tests that the asthma doctors do”. 

Primary 
care 
providers 

Notification and 
timing of follow-
up after ED 
discharge 

“Why can’t get this a day after?; 
everybody wants notification that his/her 
patient has been in Emerg. Realistically 
within a day is not going to happen, but 
it has to be as soon as practical. If they 
don’t recover from the episode, I want to 
know that day. If they weren’t given 
prednisone or ICS, it would be good to 
know. Three weeks later, they’re going 
to be in real trouble”. 

Content of ED “Diagnosis is the key part here. The 
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discharge letters 
and education 

diagnosis of asthma would make me act, 
it's not about doubting the diagnosis, it's 
used like a red flag/alert (it's nice to be 
able to read the diagnosis/be given a 
diagnosis, then you know what to do.” 

Role of OLs for 
ambulatory 
asthma care 
and education 

“Family physician perspective is better, 
more relatable, getting taught by people 
that know your experience, less of a top 
down approach”. 

Time constraints 
for proper post –
ED follow-up 
and education 

“Physicians often can’t spend hour with 
patients; asthma educators can review 
environmental changes, be more 
didactic; they can show pictures and 
graphs.” 

Note: ED/Emerg = Emergency department; ICS = Inhaled corticosteroids; 
OL = Opinion leader. 
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Appendix 4-1 Notification of ethics approval. 
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5 OUTPATIENT CARE GAPS IN PATIENTS PRESENTING TO 

EMERGENCY DEPARTMENTS WITH ACUTE ASTHMA 

5.1 Introduction 

A visit to the emergency department (ED) for acute asthma 

commonly corresponds to a patient who has been experiencing worsening 

respiratory symptoms and whose attempts to alleviate them have been 

unsuccessful and/or not evidence-based; in other words, ED presentations 

for acute asthma are usually the reflection of loss of asthma control. While 

most patients presenting to the ED with acute asthma respond to therapy 

and are subsequently discharged,207 a significant proportion of relapses 

occur after these visits.139 Asthma relapses following ED discharge 

represent important negative outcomes for the patient, their families and 

the health care system.208, 209  

Several patients with asthma have poor understanding of their 

respiratory condition, its triggers and manifestations; therefore, they don’t 

have the appropriate knowledge and skills to effectively self-manage their 

exacerbations.210, 211 Moreover, others don’t receive appropriate outpatient 

care. Finally, it is common to find patients with a combination of the above 

presenting to the ED.212, 213 Limited or no access to health care providers, 

medications and preventive resources are additional barriers that patients 

with asthma face on a regular basis. Consequently, the ED may provide 

an important group of patients with a unique opportunity to identify their 

outpatient gaps in asthma care, receive asthma education and establish 

 106 



important partnerships for the continuum of their care (e.g., link them with 

a primary care provider [PCP] or a specialist).214-216  

Care gaps include a variety of scenarios in which effective 

interventions involved in the process of care are not part of routine clinical 

practice.189 While treatment guidelines1, 217 and consensus documents 

have been stressing for many years the importance of offering focused 

patient-education at every asthma encounter, including ED visits for acute 

asthma,155, 218 the cost-effectiveness of identifying outpatient asthma care 

gaps and targeting them through educational strategies directed from the 

ED remains unclear.117, 118  

In a study published 16 years ago, a network of ED/respiratory 

researchers across North America (The Multicenter Airway Research 

Collaboration [MARC]) was invited to prioritize teaching topics for the 

routine asthma education in the ED.219 Survey respondents believed 

preventive actions (e.g., reviewing proper inhaler techniques, rationale for 

medication, recognition of asthma triggers and use of spacer devices) 

were key targets for ED-based asthma education; other preventive actions 

such as the use of written asthma action plans (AAPs), medication 

compliance and peak flow techniques/diaries were considered less 

important. Potentially important outpatient interventions (e.g., influenza 

vaccination, smoking cessation and referral to asthma education) were not 

specifically examined.   

The objective of this study was to explore outpatient care gaps 
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associated with preventive actions among patients presenting to the ED 

for an asthma exacerbation who are subsequently discharged. 

5.2 Methods 

5.2.1 Study design and population: 

This was a cross-sectional analysis of data obtained in a 

prospective, randomized, blinded endpoints ascertainment study 

(NCT01079000) conducted in two cities (Edmonton and Calgary) in AB, 

Canada. Prospective data used for this analysis were obtained from 

standardized baseline questionnaires and a medical chart review of 

patients between 17-55 years of age presenting to EDs for acute asthma 

before being discharged back to the community; screening and data 

collection were performed on a daily basis by trained research staff. 

Patients with >55 years of age, those with chronic obstructive pulmonary 

disease (COPD) or another end-stage lung disease, and those with an 

inability to consent were excluded. 

5.2.2 Study variables: 

Demographic factors (e.g., age, sex, racial/cultural background 

[visual assessment], marital status, level of education, and occupation) 

were considered for this analysis. Chronic asthma factors, resource 

utilization and medication at ED presentation were also explored. Finally, 

aspects related to clinical presentation and ED management were 

described. 
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5.2.3 Preventive actions-related measurements: 

Two clinician-investigators (CVR, BHR) independently reviewed the 

enrolment data and adjudicated patients’ needs based on the frequency of 

the following preventive actions at ED presentation: spacer devices, 

written AAPs and asthma medication; influenza immunization, cigarette 

smoking, and referral to asthma education. A random 30% sample of the 

study cases was used to assess the agreement between the adjudicators.  

5.2.4 Statistical analysis: 

The results of descriptive analysis were summarized with numbers 

and proportions or medians with interquartile range (IQR: P75, P25) due to 

a non-normal distribution of the continuous data. The agreement between 

the preventive action-adjudicators was calculated based on the kappa (k) 

statistics. 

5.2.5 Ethical considerations: 

The Health Ethics Research Board at the University of Alberta 

granted ethics approval for the NCT01079000 study (Pro00029699; 

Appendix 1); all patients provided informed written consent and additional 

consent was not required for this particular analysis. 

 109 



5.3 Results 

5.3.1 Patient characteristics: 

A total of 367 patients provided consent to participate in the primary 

study. Emergency department interview and chart review data were 

available for all the study patients and therefore included in this analysis. 

The median age of the study population was 28 years, more than half of 

them were female and single, and the majority visually identified 

themselves as of White/Commonwealth/European racial or cultural 

background (Table 5-1). 

Almost half of the study population had never smoked and there 

was an overall long asthma history. No patients were hospitalized for 

asthma in the previous year and the median time since their last ED visit 

was 1.5 years. Overall, 26% of patients reported not having a regular 

family physician, and only 61% stated that their family physician most 

frequently treated their asthma. 

Almost a quarter of the study population, took action before 

presenting to the ED; most of them visited their family physician or a 

physician at a walk-in-clinic. Most, however, did not take evidence-based 

actions to prevent or mitigate the ED visit. Finally, 72% of patients 

reported that health insurance helped them with medication costs; patients 

covered a median of 20% of medication costs (Table 5-1). At ED 

presentation, more patients reported being prescribed inhaled 

corticosteroids/long-acting β-agonists (ICS/LABA) than ICS alone; 38% of 
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the study population were corticosteroid naïve at ED presentation (Figure 

5-1).  

5.3.2 Acute asthma presentation: 

In the ED, most patients were classified as “urgent” according to the 

Canadian Triage and Acuity Scale (CTAS) (Table 5-2). Overall, ED 

management followed current guideline recommendations; however, most 

SABA and inhaled anticholinergics seem not be administered within the 

first hour of admission. The use of pre-post spirometry was not common 

and almost half of the patients were ordered chest radiography. The 

majority of the population were discharged from the ED in less than six 

hours. 

5.3.3 Patients’ needs at ED presentation: 

The results of the external adjudication of the preventive actions 

among the 367 patients included in this study revealed that more than half 

of them required spacer devices (patients reported not to have one despite 

being indicated). Among those who reported having a spacer device 42% 

reported not using it; “difficulties to carry it around” was identified as the 

most common reason for not using the spacer device. Very few patients 

with asthma reported having a written AAP (3%). Thirty-seven percent 

reported receiving influenza vaccination in the past year and only 7% 

reported being referred to an asthma education program in the last 10 

years. At ED presentation, following the recommendations of the current 

 111 



asthma guidelines, 38% of the patients with asthma required the initiation 

of ICS, 11% required the addition of ICS/LABA combination agents (step-

up approach due to lack of asthma control with adequate ICS doses) and 

39% required reinforcement of compliance with preventer medications 

(either ICS or ICS/LABA). Finally, a third of the study population (current 

smokers) required counselling on smoking cessation (Table 5-3). The 

agreement between the independent adjudicators in the 30% random 

sample was 98% (k=0.96). 

5.4 Discussion 

This study characterized adults treated and discharged from the ED 

for an asthma exacerbation and explored their needs with regards to 

preventive actions at ED presentation. Most of them were young, single 

and perhaps Caucasian workers with long asthma history who consulted 

the ED for worsening respiratory symptoms that limited they daily 

activities. Indicators of prior asthma severity such as previous ED visits, 

hospitalizations and intubations were not frequent among the study 

population; however, the study sample may represent a select group of 

patients with previous high levels of asthma control. Factors associated 

with an increased risk of relapse such as female sex and current use of 

ICS/LABA agents were highly prevalent.139  

A considerable proportion of patients were not linked to a family 

physician who took care of their asthma. This important finding was 

addressed in the design of the comparative effectiveness trial that this 
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cross-sectional analysis was based on due to the potential differential 

effects (misclassification) derived from this exposure (see Chapter 6).  

Management strategies prior to the ED presentation were not explored in 

detail; however, the fact that only 15% (56/367) of the patients were 

assessed by PCPs prior to the ED visit (either by their family physician or 

by a physician at a walk-in-clinic) jeopardizes the proposed role for these 

health care professionals in the ambulatory management and control of 

asthma. 46 47 Importantly, it reveals that the evidence-based management 

approach recommended by the current guidelines was not followed by the 

study population.1 Active and shared participation of patients and PCPs in 

the management of asthma exacerbations has been strongly promoted1, 

220 in an attempt to focus the efforts and resources available in acute care 

facilities (e.g., EDs or equivalent settings) to the provision of care of 

severe asthma exacerbations and those episodes of acute asthma not 

controlled with initial treatment strategies. 

Several outpatient gaps in asthma care were identified in this study; 

the evidence supporting the associated preventive actions is summarized 

below. The benefits derived from the use of spacer devices (improved 

delivery and reduced side-effects) for patients prescribed pressurized 

metered dose inhalers (pMDIs) have been documented for many years;221 

adequate inhaler techniques are well recognized as key determinants for 

their effectiveness.222 223 Despite this evidence, 60% of the study 

participants reported not owning a spacer device. Moreover, a 
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considerable proportion of patients owning a spacer device required 

reinforcement on compliance. 

Randomized controlled trials (RCTs) and systematic reviews (SRs) 

have demonstrated clear benefits associated with the use of individualized 

written AAPs in conjunction with education and regular medical review on 

the reduction of health care utilization, absenteeism and symptoms, and 

the improvement of quality of life.83 Strategies to improve the 

understanding, uptake and early self-activation of written AAPs like their 

adaptation to patients’ level of asthma control and health literacy have 

been associated with a significant reduction of undesired outcomes related 

to asthma exacerbations.49 The uptake of written AAPs in this study was 

considerably lower than proportions reported by other studies involving 

patients with acute episodes of asthma; however, important variations 

among studies could explain this difference.224-228 This study was 

restricted to ED presenters, didn’t include children and details on the AAPs 

content were considered during the adjudication of the preventive actions; 

only written and appropriate ones (in terms of content) were considered 

valid. 

Current asthma guidelines recommend encouraging smoking 

cessation by patients with asthma and their family. Most of these 

recommendations are supported by observational studies revealing an 

increased risk of more severe asthma symptoms, frequent exacerbations, 

health care resource utilization, and worse lung function and quality of life 
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in patients with asthma who smoke when compared to those who don’t 

smoke.229-231 Few studies have specifically studied the role of smoking 

cessation on asthma outcomes.232, 233 In this study, based on their current 

smoking status, 30% of the participants required counseling on this matter.  

Patients with asthma are encouraged to have an influenza 

vaccination every year;234 this recommendation is extrapolated from the 

higher risk of complications and increased health care costs associated 

with influenza in healthy adults between 18-64 years.235 The evidence 

supporting universal influenza vaccination for patients with asthma is still 

subject to debate.236 Based, on the current guideline recommendations,1 a 

considerable proportion of the study population required direction on 

annual influenza vaccination. 

All asthma guidelines strongly advocate for patient education. While 

a variety of educational and self-assessment programs have been 

developed for adults frequently presenting to the EDs for acute asthma,83, 

157 the effectiveness of educational interventions directed from the ED has 

not been evaluated with the same rigor as asthma medications.147 In this 

study, referral to asthma education was required by 93% of the study 

population. 

Treatment with regular daily doses of ICS57-59 or ICS/LABA60, 62, 237-

240 is recommended for patients with asthma based on their positive 

impact on the reduction of asthma symptoms, improving lung function, and 

mitigating the risk of severe exacerbations, hospitalizations and death. 
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The fact that almost 40% of the study population experiencing an asthma 

exacerbation was corticosteroid naïve at ED presentation, that 11% 

required step-up in management, and that a considerable proportion of 

patients prescribed with ICS agents required reinforcement of compliance 

may reflect a general under-recognition of the importance of anti-

inflammatory agents in controlling symptoms and reducing exacerbations 

by the PCPs, patients, or both.39 

Several barriers to the application of evidence in clinical practice 

may be influencing the presence of the gaps in asthma care identified in 

the study population.189, 241 For example, some of the current 

recommendations for preventive care are supported by interventions of 

uncertain clinical significance (e.g., smoking cessation and influenza 

vaccination strategies); the evidence for other (e.g., referral to asthma 

education programs) relies on interventions with limited scope and 

external validity. For those preventive actions supported by robust 

evidence (e.g., corticosteroid treatment, and use of spacer devices and of 

written AAPs), patients’ and clinicians’ preferences, expectations and 

knowledge could influence their adherence and effectiveness in real-world 

settings; this may explain some of the variations in asthma management 

observed within and across individual practices. Finally, contextual factors 

such as differential access, resources, affordability and incentives to 

change may have an important effect on patients’ and physicians’ attitudes 

and practices, respectively. Strategies targeting the sustained 
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implementation of various recommendations infrequently support current 

guideline recommendations. 1, 44, 116 

5.4.1 Limitations 

There are several limitations to this analysis that require discussion. 

First, given that the exploration of outpatient asthma care gaps at ED 

presentation was not the main objective of the NCT01079000 study, 

details on other preventive actions recommended by the guidelines (e.g., 

physical activity, nutrition and avoidance of occupational 

exposures/medications/environmental pollutants that make asthma worse) 

were not collected. Analyses were mainly descriptive and limited to the 

preventive factors obtained in the study through ED interview and chart 

review data-collection methods (susceptible to recall and reporting bias); a 

more detailed exploration and analysis of some of these outpatient care 

gaps (e.g., training received regarding the appropriateness of inhaler 

techniques, type education patients’ have been referred to and compliance 

to it, and content/structure/adaptation of written AAPs, type of counseling 

on smoking cessation patients’ have received) would have been very 

informative. The comprehensiveness and accuracy of the data presented 

rely on information collected in a standardized manner by trained research 

staff and on a systematic and reliable adjudication process. Second, the 

study was conducted in six urban EDs (mostly academic) in two Canadian 

cities, so the generalizability of results to other centers and jurisdictions, 

might be of concern. Finally, this study did not examine admitted patients, 
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patients with mixed entities (e.g., asthma-COPD overlap syndrome), and 

those with complicated presentations, perhaps also limiting the external 

validity of these findings.  

The identification and discussion of gaps in asthma ED care such 

as the potential underuse of spirometry and overuse of other procedures 

(e.g., chest radiography, laboratory tests) were not the focus of this 

analysis. These gaps may also be influenced by the lack of evidence on 

their benefits, risks and costs.  

5.5 Conclusion 

While there is no consensus on the preventive actions that all 

patients with asthma should be considering as part of their integral 

management, this analysis provided a good description of some of the 

most common preventive actions identified as priorities for action by 

experts in the field. Despite a long history of asthma and relative stability 

reported by this sample of patients with acute asthma, a large number of 

associated care gaps were identified. These gaps were identified in 

patients facing an exacerbation that resulted in an ED presentation with no 

hospital admission; evidence, patients’, clinicians’, and contextual factors 

that could be influencing these observations have been highlighted. 

Insufficient evidence may exist to support some of the recommendations 

provided in the current asthma guidelines, which could partially explain 

these findings. Future research should focus on novel strategies aiming to 

close of the existing gaps in asthma care. 
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Table 5-1 Characteristics of the study population. 

 
Study population 

n= 367 

Demographics, n (%)  

Age (years) 28 (22, 37) 

Female sex 232 (63.2%) 

Marital status (most common: single) 213 (58.0%) 

Post-secondary education 209 (56.9%) 

White racial or cultural background 271 (73.8%) 

Chronic asthma factors  

Smoking status, n (%)  

Never 177 (48.2%) 

Previous 80 (21.8%) 

Current 110 (30.0%) 

Asthma history (years), median (IQR) 20 (13, 25) 

Had last ED visit (years), median (IQR) 1.5 (0.5,5) 

Hospitalizations for asthma in past two years, 
median (IQR) 0 (0, 0) 

Ever intubated for asthma, n(%) 29 (7.9%) 

Health care utilization  

Have a Family doc, n (%) 273 (74.4%) 

Family physician most frequently treats his/her 
asthma, n (%) 

225 (61.3%) 

ED is the usual site for acute asthma care, n (%) 191 (52.0%) 

Contacted a heath care provider prior to the ED visit, 
n (%) 

87 (23.7%) 

Contacted his/her family physician/physician at a 
Walk-in Clinic 

30/87 
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Insurance status  

Health insurance helps with cost of asthma 
medication, n (%) 

264 (71.9%) 

Percentage of asthma medication costs paid by 
patients with health insurance, median (IQR) 

20 (0, 20) 

Note: ED = emergency department; interquartile range (IQR) is presented 
as 25th and 75th percentiles.   

 121 



Table 5-2 Acute asthma presentation and ED management. 

 
Study population 

n= 367 

Clinical presentation  

CTAS Score, n (%)  

1,2 64 (17.4%) 

3 245 (66.8%) 

4,5 58 (15.8%) 

Arived by EMS, n (%) 19 (5.2%) 

Days with respiratory symptoms getting worse, 
median (IQR) 2 (0.5, 5) 

Days with activity limitation due to asthma, median 
(IQR) 1 (0, 3.5) 

Number of inhaled β-agonist puffs within 24 hours of 
ED, median (IQR) 8 (2, 16) 

Vital signs, median (IQR)  

Pulse 98 (88, 110) 

Respiratory rate 20 (18, 24) 

SaO2 (On room air) 97 (95, 98) 

Temperature (Co) 36.5 (36.2, 36.8) 

ED management  

Received inhaled β-agonists in the ED, n (%) 349 (95.1%) 

Number of puffs in the first hour, median (IQR) 0 (0, 4) 

Number of puffs over ED stay, median (IQR)  12 (4, 18) 

Given any systemic corticosteroid treatment, n (%) 279 (76.0%) 

Time in min to systemic corticosteroid treatment, 
median (IQR) 28 (15, 53) 

Received inhaled anticholinergics, n (%) 318 (86.7%) 
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Number of puffs in the first hour, median (IQR) 0 (0, 4) 

Number of puffs over ED stay, median (IQR) 10 (4, 15) 

MgSO4 medication in the ED, n (%) 18 (4.9%) 

Lung Function, median (IQR)  

Earliest PEF (n=294) 294 (220, 350) 

Final PEF (n=344) 350 (299, 425) 

Change in PEF (n=217) 71 (35, 131) 

Earliest %Predicted PEF (n=292) 60 (47, 76) 

Final %Predicted PEF (n=344) 76 (61, 90) 

Change in %Predicted PEF (n=217) 16 (7, 28) 

FEV1 % Predicted at discharge (n=344) 78 (62, 93) 

FEV1/FVC % (n=344) 76 (66, 84) 

Other tests  

Blood work, n (%) 75 (20.4%) 

Chest radiography, n (%) 179 (48.8%) 

Electrocardiogram, n (%) 48 (13.1%) 

Sputum collection, n (%) 2 (0.5%) 

ED length of stay, median (IQR)  

ED length-of-stay (hours) 4.2 (3.2, 5.5) 

ED length-of-stay ≥ 6 hours 75 (20.4%) 

Note: CTAS = Canadian Triage and Acuity Scale; EMS = emergency 
medical services; ED = emergency department; SaO2 = oxygen saturation; 
MgSO4 = magnesium sulfate; PEF = peak expiratory flow; FEV1 = forced 
expiratory volume in 1 second; FVC = forced vital capacity; interquartile 
range (IQR) is presented as 25th and 75th percentiles.   
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Table 5-3 Patient needs at emergency department presentation. 

Factors 

Study 
population 

n= 367 

Spacer device, n (%)  

Required 215 (58.6%) 

Need reinforcement of compliance 57 (15.5%) 

Influenza vaccination, n (%) 233 (63%) 

Asthma Action Plan (AAP), n (%)  

Required 357 (97%) 

Need reinforcement of compliance 4 (1.1%) 

Counselling on smoking cessation (current smokers 
only), n (%) 113 (30.8%) 

Referral to asthma education, n (%) 341 (92.9%) 

Medication, n (%)  

Need reinforcement of compliance with preventer 
medication 144 (39.2%) 

Add preventer medication/ICS 138 (37.6%) 

Add ICS/LABA combination agents 39 (10.6%) 

Note: ICS = Inhaled corticosteroids; ICS/LABA = Inhaled 
corticosteroids/long-acting β-agonists. 
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6 EMERGENCY-DEPARTMENT DIRECTED INTERVENTIONS TO 

IMPROVE OUTCOMES AFTER ASTHMA EXACERBATIONS: A 

RANDOMIZED TRIAL 

6.1 Introduction 

Despite increased understanding of its diagnosis and effective 

management, asthma remains a major public health problem.7, 242, 243 

Negative outcomes resulting from exacerbations include frequent 

emergency department (ED) visits and hospitalizations, school and work 

absenteeism, impaired health related quality of life (HRQoL), significant 

costs to the health care system, and, occasionally, death. 

The most recent asthma guidelines have added dedicated content 

to the assessment of asthma control, the minimization of the risk of 

adverse outcomes and highlighted the essential role that individualized 

care, patient education and effective partnerships between patients and 

their primary care providers (PCPs) play in the achievement of these 

goals.1 Regardless of these recommendations, many Canadians visit EDs 

for asthma exacerbations. Furthermore, a significant proportion of those 

who are treated and discharged relapse within four weeks of their visit, 

even when provided with evidence-based ED care.139 Importantly, some 

ED patients with asthma have limited or no access to PCPs and when 

they have it, some patients don’t consider a post-discharge follow-up 

necessary.120 Finally, when a post-ED follow-up visit with a PCP occurs, 

many encounters don’t address important gaps in care nor are they 
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evidence-based. As a result, a proportion of patients leave their PCP office 

without instructions on how to recognize early warning signs of loss of 

asthma control and on the steps to follow in response to those signs.121  

A gap between evidence-based best practices and the actual care 

delivered to patients with asthma exists; this gap may explain the 

suboptimal quality of care and poor health outcomes after asthma 

exacerbations. While a number of pharmacologic interventions have been 

associated with a reduction in relapses after ED visits for asthma,90,102 

only a few non-pharmacologic interventions focused on individualized PCP 

and patient -centered approaches have been examined using rigorous 

research methods.117, 118, 244 In addition, the following elements of high-

quality care have not been well described or deployed: education 

components; strategies targeting the sustained implementation of various 

recommendations;147 and methods to facilitate the transitions in care 

between the ED and community-based follow-up with PCPs.245 

The primary objective of this study was to determine if ED-directed 

interventions focused on increasing PCPs-patient follow-up using an 

incremental approach of local opinion leader (OL) letter to PCPs or the 

addition of a care manager (CM) educating patients on self-management, 

reduced relapses within 90 days compared to usual care (UC) in patients 

with moderate to severe acute asthma discharged from the ED. 

The secondary objectives of this study aimed to determine if the 

proposed interventions: a) decreased relapses (number) and increased 
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the time to relapse within 90 days of the ED visit; b) increased the 

proportion of follow-up visits with a PCP within 30 days of the ED visit; c) 

improved patients’ HRQoL within 90 days of the ED visit. 

6.2 Method 

6.2.1 Study design:  

Prospective, randomized, open label, blinded endpoints ascertainment 

(PROBE) study with a 1:1:1 allocation ratio to three intervention arms. 

*Changes to the study design: Due to an error in the allocation 

ratio in one of the main study sites (2:1:1), the allocation ratio was 

changed to 0.1:1:1 during the last four months of study enrolment. This 

protocol deviation was detected on 29th August 2015 and reported to the 

University of Alberta (UofA) health ethics research board (HERB) (see 

Appendix 1 for more details). 

6.2.2 Participants: 

 This study involved adult patients presenting to one of six EDs in 

Edmonton and Calgary (Alberta, Canada) who received treatment for 

acute asthma that resulted in discharge between June 2012 and 

December 2015. The study protocol was registered (Clinical Trials.gov: 

https://clinicaltrials.gov; NCT01079000) and approved by the UofA HREB 

(Pro00029699). 
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6.2.2.1 Selection criteria: 

6.2.2.1.1 Inclusion criteria:  

1. Age 17-55 years old; 

2. Patients treated and discharged from one of the study sites with a 

physician diagnosis of acute asthma during the study period; 

3. Patients must have had a previous physician-diagnosis of asthma 

and an exacerbation diagnosed by the ED physician (e.g., past 

asthma history, increased asthma symptoms, recorded response to 

short acting β2-agonists (SABA) in the ED, and). In the event of a 

new diagnosis, the patient was still eligible for the study if the 

treating physician felt that the history was compatible with a 

diagnosis of asthma. 

6.2.2.1.2 Exclusion criteria: 

1. Patients with asthma who were primarily cared for by a 

Respirologist; 

2. Patients not seen by an emergency physician in the ED (e.g., direct 

referrals); 

3. Physician diagnosis of acute exacerbation of chronic obstructive 

pulmonary disease (COPD); 

4. Radiologically confirmed pneumonia during the 10 days preceding 

study entry; 

5. Patients with an active history of bronchiectasis, cystic fibrosis, or 

lung cancer; 
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6. Clinically confirmed congestive heart failure at ED presentation; 

7. Patients not able/unwilling to perform spirometry or peak expiratory 

flow (PEF) assessment; 

8. Inability to provide informed consent or comply with the study 

protocol due to cognitive impairment, language barrier, or no 

contact details; 

9. Previous participation in the study; 

10. Ongoing enrolment in another clinical study. 

6.2.3 Study setting: 

Study sites included urban teaching centres: four Edmonton EDs 

(University of Alberta Hospital [UAH], North East Community Health 

Centre [NECHC], Grey Nuns Hospital [GNH] and Sturgeon Community 

Hospital [SCH]) and two Calgary EDs (Foothills Medical Centre and Peter 

Lougheed Centre). 

6.2.4 Interventions: 

After ED discharge study participants were randomized to one of 

the following intervention arms: 

6.2.4.1 Usual care: 

Provision of verbal instructions by the treating emergency 

physician; and of standardized written discharge instructions/plan (2-page 

pamphlets detailing medications and expected health outcomes until 

follow-up with their PCP), asthma action plan (AAP; stepped approach to 
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mitigate asthma exacerbation severity) and information on asthma 

medications (the last two available from the Canadian Thoracic Society 

[CTS]) by a research nurse. Finally, a copy of the ED chart was faxed to 

the patient's PCP office within the 24 hours of enrolment [48 hours during 

weekends]) (Appendix 2); 

6.2.4.2 Usual care described above + personalized fax to the patients’ 

PCPs (OL-letter): 

Input from patients with asthma and PCPs helped tailoring the 

content, style and delivery methods of the personalized fax to the patients’ 

PCPs-study intervention (Chapter 4). The OL-letter included a brief report 

of the patient ED diagnosis, treatment and post-ED prescription, and a 

summary of the current asthma guideline-recommendations for 

ambulatory care follow-up timing and content based on the gaps in care 

identified at ED presentation (standardized focus on spacer device use, 

influenza immunization, written AAP use, smoking cessation, asthma 

education and long-term medication recommendations - Appendix 3) 

signed by a local Respirologist (one in Edmonton [MB] and one in Calgary 

[RL]). The OLs were volunteers who were recruited through solicitation 

(personal approach) by the principal investigator of this study; they are 

both Respirologists who are locally and nationally recognized for their 

academic and clinical leadership roles in asthma care.246 They self-identify 

as OLs and local physicians similarly agree. Since no universal evidence-

based recommendation existed regarding the timing of the PCP follow-up, 
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a review of the patient within 1-2 weeks of the ED visit was recommended. 

The OL-letter was faxed to the patient's PCP office within the 24 hours of 

enrolment [48 hours during weekends]). 

6.2.4.3 Usual care described above + personalized fax to the patients’ 

PCPs described above + involvement of a care manager 

educating patients on self-management: 

Via telephone, a certified asthma educator (with background on 

nursing or respiratory therapy) reviewed patients’ symptoms, self-

management strategies (potential asthma triggers and early warning signs, 

AAP) and encouraged follow-up with their PCP within the first week of ED 

discharge using standardized scripts (Appendix 4). These scripts were 

designed following the five major steps to intervention (Five A’s model: Ask, 

Advise, Assess, Assist and Arrange);247 duration of the phone call as well as 

any additional activities performed as per patients’ request were documented 

(e.g., second call). 

• For those patients who reported not to be linked to a PCP at ED 

presentation, a PCP from the Edmonton/Calgary area (accepting 

patients) was assigned before or immediately following ED discharge 

by the clinical research staff. 
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6.2.5 Pre-specified outcomes: 

6.2.5.1 Primary outcome (proportion of first asthma relapse):  

Relapse occurrence (yes/no) in this study was defined as an 

unscheduled medical visit to a walk-in clinic, family doctor's office or an ED 

resulting from the patient's perceived need for further asthma treatment within 

90 days of ED discharge. This outcome has been used successfully, and is 

widely accepted as a clinically relevant outcome.248-251 Relapses were 

assessed at 30 and 90 days (+/- 5 days) by patient self-report (Appendices 5 

and 6).  

6.2.5.2 Secondary outcomes (SOs): 

   SO1 and 2: Total number of asthma relapses and time to relapse: 

The number of relapses up to 90 days and time to first asthma relapse were 

recorded. 

   SO3: Follow-up with a PCP (proportion of first follow-up with a 

PCP): The occurrence of a self-reported follow-up with a PCP (yes/no) in this 

study was defined as a patient having a face-to-face meeting with their PCP 

(or equivalent) within 30 days after discharge. Telephone interactions with the 

PCP’s office were classified as “no PCP follow-up”. 

   SO4: Health related quality of life: Health related quality of life was 

assessed at baseline, 30 and 90 days (+/- 5 days) using a disease specific, 

validated instrument for asthma patients (asthma quality of life questionnaire 

[AQLQ]; Appendix 7).252 253 254 255  
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   Other outcomes of interest were measured such as hospitalizations 

and deaths during the study period, as well as the proportion of patients on 

inhaled corticosteroids (ICS) and combination controller agents (inhaled 

corticosteroids/long-acting β2-agonists [(ICS/LABA]) at 90 days. 

6.2.5.3 Outcome verification process: 

   The primary and secondary outcomes (SO1, 2 and 3) were measured 

by patient self-report at 30 and 90 days after discharge and validated by 

obtaining charts and ED records when possible. Outcome verification was 

systematically performed by the research team at 90 days through NetCare 

(the provincial electronic medical record for Alberta), the Emergency 

Department Information System (EDIS) in Edmonton and the Sunrise Clinical 

Manager (SCM [with historical data from Regional Emergency Department 

Information System-REDIS]) in Calgary, and by calling the PCPs’ offices. A 

standardized form was used (Appendix 8). 

6.2.5.4 Adjudication of the primary outcome: 

   For each suspected relapse, study personnel prepared a full report 

describing the circumstances of the suspected relapse (including patient 

report and verified information). Two study investigators (BHR and CVR), 

blinded to the study interventions, independently reviewed the data and 

reported as to whether the relapse satisfied the study operational definition. 

Disagreements were resolved by consensus prior to un-blinding. 

 135 



• Asthma relapses included verified/patient self-report of an event that 

matched the definition of the primary outcome (first event resulting or 

not in change in treatment and/or in hospital admission). 

• Follow-up with a PCP included verified/ patient self-report of an event 

that matched the definition of this secondary outcome (first event 

resulting or not in change in treatment). 

6.2.6 Sample size: 

 The study protocol sample size included a total of 366 patients (122 

per group), this number took into consideration potential ~10% attrition. 

Sample size calculations were based on the primary outcome (proportion with 

first relapse at 90 days)164, 256, 257 and a chi-square test of association and 

post-hoc tests (UC vs. PF, PF vs. CM). Approximately 40% of the UC group 

were expected to have a relapse based on estimates from previous studies.120 

Based on minimal clinically important differences (MCID) reported in other 

acute asthma trials,258 a clinically relevant effect was considered to be a 50% 

relative reduction to 20% in the PF group and 5% in the CM group on 90-day 

relapses. A sample size of 110 per group was estimated to permit the 

detection of a moderate effect size of at least 0.171 (80% power, α = 0.05), a 

more dramatic effect than the 50% MCID for the three groups, and a 

difference between UC and PF of 50% (i.e., 40% vs. 20%) and between PF 

and CM of 75% (i.e., 20% vs. 5%) using two-sided z-tests, 80% power, 

α=0.025. 
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6.2.7 Patient sequence generation, allocation to the study 

interventions and blinding: 

   Trained research staff screened consecutive patients presenting to the 

study sites for shortness of breath, wheezing, cough/congestion and chest 

pain on a daily basis in Edmonton (UAH: 08:00-23:00 M-F; 10:00-18:00 S&S; 

NECHC/SCH: 10:00-18:00 M-F; GNH: respiratory therapist dependent) and 

Calgary (on-call research assistants: daily) during the study period (Appendix 

9). Following treatment by the physician (pre-post treatment pulmonary 

function tests, nebulized SABA, etc.) and once the discharge decision was 

made, those fulfilling the enrolment criteria and providing written informed 

consent (Appendix 10) were interviewed for the collection of baseline 

information (Appendix 11); relevant ED information was collected using chart 

review methods (Appendix 12). All eligible patients were reported to one of 

two study investigators (BHR or CVR) as soon as possible after enrolment. 

These investigators allocated each patient to one of the three study arms 

using computer generated random number services provided by an 

independent organization (EPICORE Centre; www.epicore.ualberta.ca). 

Patients were allocated using centralized permuted block randomization with 

variable block sizes at each site to maintain balance over seasons and study 

sites. Finally, two research staff (one in Edmonton and one in Calgary) not 

involved in patient enrolment or in outcome assessment, delivered the 

corresponding study intervention UC: fax of ED record to PCP; PF: fax of ED 
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record and OL-letter to PCP; CM: fax of ED record and OL-letter to PCP, and 

notification of CM). 

   The two study investigators in charge of the randomization were not 

blinded to the assigned interventions; however, neither kept track of the 

sequence of randomization. The treating ED physicians, and the research 

staff in charge of patient enrolment and outcome assessment were blinded to 

the allocation status. Patients and staff involved in the CM arm were not 

blinded to their intervention.  

6.2.8 Statistical analyses: 

   Analyses were performed using Stata Statistical Software® (StataCorp. 

2013. Stata Statistical Software: Release 13. College Station, TX: StataCorp 

LP). Baseline characteristics were summarized (e.g., frequencies and 

medians and interquartile ranges [P25, P75] as continuous variables were non-

normally distributed) and compared among the allocation groups (intention to 

treat [ITT] approach) using Kruskal-Wallis tests and chi-square tests for 

discrete variables (or Fisher’s Exact tests). The proportion with first asthma 

relapse (primary outcome) was reported by study intervention arm and 

associated 95% confidence intervals (CIs) were calculated. A chi-square test 

of association compared proportions among groups and if statistically 

significant (p<0.05) separate proportion tests compared pairs of groups (e.g., 

UC vs. PF) adjusted for multiple testing (Bonferroni correction). The intra-

cluster correlation coefficient (ICC) was calculated to assess for potential 

contamination among those PCPs who were assigned more than one patient 
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in the study. A multivariate analysis using generalized estimation equations 

was performed to adjust estimates of effect for important factors with potential 

clinical imbalance in the baseline comparisons as well as to adjust for the 

potential of site-specific differences in effectiveness.259 Odds ratios (OR) and 

associated 95% CIs were reported. 

   Secondary outcomes were summarized by study intervention arm and 

estimates and 95% CIs were reported. Kruskal-Wallis tests assessed 

differences in the total number of relapses (SO1) by group and differences in 

HRQoL at different time points (SO4) by group. Kaplan-Meier curves 

displayed time to relapse within 90 days (SO2) by group (if relapse did not 

occur, data were censored at 90 days) and log-rank tests compared groups. A 

chi-square test of association compared the proportion with PCP follow-up 

within 30 days (SO3) by group.  

   No interim analysis was planned or conducted for this study. Finally, 

some post-hoc sensitivity and subgroup analyses were conducted to explore 

the primary outcome results. For the sensitivity analyses, different operational 

definitions of the primary outcome, as well as considering a different analytic 

approach (per protocol [PCP vs. no PCP visits after ED discharge]), were 

explored. For the subgroup analyses, study, patient, health provider 

(emergency physicians and PCPs) and system relevant factors were 

explored. Basic information (e.g., sex, year of graduation, specialty, interests) 

regarding the PCPs was obtained from the College of Physicians and 

Surgeons of Alberta public website (http://www.cpsa.ca).  
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6.2.9 Data management and quality assurance: 

   During the study period a screening/enrolment log was maintained; 

Refusals, Misses and Other exclusions (RMO) were documented to 

determine the generalizability of the sample. 

   Study data were collected and managed (including the outcome 

adjudication) using Research Electronic Data Capture (REDCap; Vanderbilt 

University; Nashville, TN, USA) tools hosted at the University of Alberta.260 

REDCap is a secure, web-based application designed to support data capture 

for research studies, providing 1) an intuitive interface for validated data entry; 

2) audit trails for tracking data manipulation and export procedures; 3) 

automated export procedures for seamless data downloads to common 

statistical packages; and 4) procedures for importing data from external 

sources. The REDCap databases mirrored the data collection forms and had 

required/restricted values, which allowed centralized checking and monitoring. 

Periodic site monitoring and feedback activities were performed. 

6.2.10 Funding source: 

 This study was co-funded by the Canadian Institutes of Health 

Research (CIHR operating grant # RES0011584), knowledge translation (KT) 

Canada, and the Emergency Medicine Research Group (EMeRG); these 

funding sources had no role in the design, conduct or knowledge 

dissemination products of this study. 
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6.3 Results 

A total of 943 patients presenting to the Edmonton and Calgary 

study sites with respiratory symptoms compatible with asthma were 

screened for inclusion between June 2012 and December 2015. Figure 6-

1 summarizes the number of patients randomized (n=367) after 

considering exclusions and those patients who were consented but were 

not enrolled. Twenty-three patients met exclusion criteria after providing 

consent to participate in the study (late exclusions) and 23 were admitted 

after consent and enrolment (screen failures); four protocol violations were 

detected and reported to the UofA HERB (see Appendix 1 for more 

details). While some patients were lost to follow-up, data on the main 

study outcome and SO1, 2 and 3 were available for the total study sample 

through the outcome verification process. 

The study population was younger than the population screened 

but not enrolled (median age: 28 [IQR: 22, 37] vs. 35 [IQR: 25, 48]; 

p<0.001); however, their sex distribution was similar (female sex: 64% vs. 

59%; p=0.362). No significant baseline differences were observed among 

the study groups (Tables 6-1 and 6-2).  

6.3.1 Intervention fidelity 

Fidelity to theory: The education provided in this study followed the 

recommendations of the current clinical practice guidelines.1 The OL-

based intervention was tailored based on the input from patients and 

PCPs engaged in the cross-sectional study (Chapter 3). While no specific 
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theoretical framework supported the study interventions, several strategies 

aiming behavior change in both patients and PCPs were targeted: 

education, communication and guideline recommendations.261  

Provider training and intervention implementation: No changes in 

the pre-defined strategies described in the methods section occurred 

during the study conduct. 

Intervention receipt: Approximately 90% of the OL-letters (one-page 

personalized summary and list of recommendations) were successfully 

sent via fax within the 48-hour time frame and confirmation of successful 

delivery at the PCP office was received in all the study cases assigned to 

the PF arm. The CM telephone contact occurred within 7 days in more 

than 80% of cases, and 62% of the 94 effective contacts (17 patients 

could not be reached after 5 attempts) resulted in a request for a second 

contact.  

Intervention enactment: Factors that could have reflected that either 

patients or PCPs put new behaviours into practice were measured and 

monitored during the study period; these factors were considered during 

the post-hoc exploratory sub-group analyses that were completed in this 

study.  

6.3.2 Study outcomes 

The primary and secondary outcomes reported by the study 

participants and those adjudicated are summarized in Tables 6-3 and 6-4.  
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The study interventions (PF and CM) significantly increased the 

proportion of first PCP follow-up visits within 30 days when compared to 

UC (PF: 45.5%; CM: 47.7%; UC: 29.5%; p=0.004). Based on an absolute 

increased risk of 0.16 (95% CI: 0.03, 0.28), the number needed to treat 

(NNT) for benefit with the PF was 6 (95% CI: 3.5, 30.5). These differences 

were diluted at 90 days when approximately half of the patients allocated 

to the three study arms had visited a PCP (Figure 6-2). The median time 

to first PCP follow-up visit within 90 days was significantly lower in the 

study intervention arms when compared to UC (PF: 13 days; CM: 16 days; 

UC: 24 days; p=0.036). 

Most of the first asthma relapses occurred within the first 30 days of 

ED discharge and the proportion of first asthma relapses within 90 days of 

ED discharge was significantly higher in the intervention arms when 

compared to UC (PF: 28.2%; CM: 18.9%; UC: 12.3%; p=0.006) (Figure 6-

3). Based on an absolute increased risk of 0.16 (95% CI: 0.05, 0.25), the 

NNT for harm was 6 (95% CI: 3.9, 19.0) for the PF. A statistically 

significant decrease in the time to asthma relapse was observed in the 

intervention arms at 90 days (Log-rank test= 0.007; Figure 6-4). A median 

number of one asthma relapse occurred within 90 days in the three study 

arms. The PF intervention was associated with a statistically significant 

increase in relapses when compared to UC: unadjusted OR=3.1; 95% CI: 

1.6 to 6.1. This association was attenuated (adjusted OR=2.8; 95% CI: 1.7 

to 4.6) after controlling for factors with potential clinical imbalance in the 
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baseline comparisons (sex, post-secondary education, time since last ED 

visits, usual site for acute asthma care [ED], ICS/LABA medication at 

presentation, stepped-up treatment approach at ED discharge, and length 

of stay [LOS]>6 hours); however, ICS/LABA at presentation was 

independently and significantly associated with relapse (adjusted OR=1.8; 

95% CI: 1.1 to 3.1) (Table 6-5).   

A consistent improvement in HRQoL (based on the AQLQ overall 

scoring) was observed at 30 days when compared to baseline among all 

three study groups and this improvement persisted at the 90-day follow-

up; however, no differences were found among the groups (Figure 6-5). 

No statistically significant increase in the proportion of 

hospitalizations within 90 days was observed among the treatment arms 

and no deaths were documented during the study period. Finally, the 

proportion of patients on ICS medication at 90 days was very similar to the 

one at ED presentation (Figure 6-6). 

6.3.3 Sensitivity analyses 

In the three study arms, the proportion of relapses at 30 and 90 

days consistently and progressively increased when exploring outcome 

data obtained from 1) self-report, 2) adjudication, 3) adjudication 

considering those PCP follow-up visits that included the addition of 

prednisone, and 4) those PCP follow-up visits that included the addition of 

prednisone or antibiotics as asthma relapses. A considerable proportion of 

PCP visits including the addition of prednisone and the addition of 
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prednisone or antibiotics occurred in the PF and CM arms (Figure 6-7); the 

addition of prednisone was not related to the lack of prescription at ED 

discharge. 

Twenty-one percent (43 of 210) of those patients who had a PCP 

within 90 days of ED discharge had an asthma relapse. Among those 

patients who relapsed, 39% (n=27) were never seen by their PCP during 

the study period, 26% (n=18) had a PCP visit before relapse occurrence, 

29% (n=20) had a PCP visit after relapse occurrence, one patient relapsed 

the same day they visited their doctor and in four patients the date of PCP 

visit was unknown (patients didn’t report dates and we were unable to 

confirm them during the verification process). The distribution between 

those who had a PCP visit before and after the asthma relapse was similar 

in the UC arm (before: 4/18 vs. after: 4/18) and in the PF arm (before: 9/31 

vs. after: 8/31) but not in the CM arm (before: 5/21 vs. after: 8/21). 

Sub-group analyses 

Study factors: No statistically significant differences were found 

among the three study arms when comparing the proportion of new PCPs 

assigned in the study (UC: 34%; PF: 30%; CM: 22%) and the proportion of 

patients sharing a PCP (UC: 40%; PF: 37%; CM: 39%). A hundred and 

forty-one (38%) patients shared a PCP and the maximum number of 

patients seen by the same PCP was 5 (ICC=0.201). 

Patient-related factors: Apart from those summarized in Tables 6-1 

and 6-2, no statistically significant differences were found among the three 
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study arms when comparing the proportion of patients taking prednisone 

(UC: 89%; PF: 87%; CM: 97%) or using steroid inhalers (UC: 71%; PF: 

63%; CM: 75%) as prescribed at 30 days (both considered proxy 

measures for intervention enactment).  

Health provider-related factors (emergency physicians): No 

statistically significant differences were found among the three study arms 

when comparing the proportion of ICS medication prescribed at discharge 

(Figure 5); however, their treatment decisions at ED discharge (stepped-

up vs. non stepped-up approach were different among the study groups: 

(UC: 58% vs. PF: 48% and CM: 41%). The proportion of patients in whom 

no change in treatment occurred during an asthma relapse was higher in 

the PF intervention arm within 30 days (UC: 1.4% vs. PF: 5.5% and CM: 

1.8%) and 90 days (UC: 3.4% vs. PF: 9.1% and CM: 3.6%). 

Health provider-related factors (PCPs): Primary care provider 

characteristics were very similar among the three study arms; most 

physicians were male (62%), family doctors (59%); the median year of 

graduation was 1992 [IQR= 1984,2001]) and 3.8% reported special 

interest in asthma. Overall, in the PCP follow-up visits documented within 

90 days (patient self-report), more of the preventive actions identified by 

the adjudicators were discussed in the intervention arms when compared 

to the UC arm (Table 6-6). The proportion of patients in whom no change 

in treatment occurred during a PCP visit was higher in the PF intervention 

arm within 30 days (UC: 14% vs. PF: 24% and CM: 20%) and 90 days 
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(UC: 24% vs. PF: 31% and CM: 29%). These two measures were also 

considered proxy measures for intervention enactment. 

System factors: No statistically significant differences were found 

among the three study arms when comparing insurance coverage and 

medication use in the last year (Table 6-1).  

6.4 Discussion 

 Discharge after assessment and treatment is the most common 

outcome in patients presenting to the ED with acute asthma in Canada 

and the Unites States (US).207 Despite adequate evidence-based care, 

many patients do not receive effective follow-up or interventions to target 

gaps in care.139 This study was designed to increase the frequency, 

timeliness and effectiveness of these follow-up visits in the hope of 

reducing relapses, improving HRQoL and impacting asthma care. Using 

randomized controlled trial methods, patients were allocated to receive 

UC, personalized OL-letters faxed with recommendations to their PCPs or 

CM guidance on self-management to patients, in an incremental approach 

to achieving these goals.  

Primary care provider guidance on follow-up care by a local OL and 

CM guidance on patients’ self-management similarly increased the 

proportion of PCP follow-up visits within 30 days; however, this difference 

was mitigated by 90 days. Moreover, this outcome would still be 

considered sub-optimal (only half of the patients on each study group was 

seen by their PCP after 90 days of being discharged). Times to PCP 
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follow-up visits within 30 days suggested most patient symptom review 

and medication adjustment occurred at approximately the second week of 

ED discharge with these extra-efforts (faxing a copy of the ED chart and 

the OL-letter, and contacting the patient within the first week of ED 

discharge).  

Counterintuitive results were observed on the primary study 

outcome; the proportion of asthma relapses within 90 days was 

significantly higher in the study intervention arms, particularly in the group 

which received the PF. Patients allocated to the intervention arms also 

relapsed sooner than those allocated to UC. Most of the relapses occurred 

within the first 30 days and times to asthma relapse suggested these 

undesired events occurred most commonly within the first week of ED 

discharge.  

Health related quality of life improved in all study patients at 30 

days regardless of the study intervention and this improvement persisted 

at 90 days. The asthma relapses that occurred during the follow-up period 

didn’t seem to negatively influence patient scoring of the factors included 

in each of the AQLQ domains. Finally, while the proportion of 

hospitalizations within 90 days was higher in the study intervention arms 

than in the UC arm, it was lower than the current admission patterns in 

North America.  

Asthma is a complex respiratory condition and poor health 

outcomes after asthma exacerbations may be influenced by suboptimal 
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quality of care resulting from a combination of issues (e.g., delayed/no 

medical follow-up, non-evidence based management, barriers to 

medication or primary care access, poor patient adherence/compliance). 

This study assessed the effectiveness of multifaceted and tailored ED 

directed interventions based on promising strategies to influence clinical 

practice (local OL-guidance to PCPs)188 and increased patients’ capacity 

to self-manage their asthma (CM-guidance on self-management to 

patients).262 The results don’t support the original hypothesis that 

increased follow-up by the PCP after an asthma exacerbation would 

necessarily decrease the resource utilization. One may reasonably ask: 

“How are these results explained?” Several study design, patient, health 

provider and system factors could have influenced these results; these 

factors were explored when possible. 

6.4.1 Study factors: 

The statistical balance among the three study arms in the patient 

factors examined in the study suggests the protocol deviation that resulted 

in an alteration of the allocation ratio for the study randomization sequence 

was compensated by the complete recruitment of the originally planned 

sample size and the assessment/verification of all of the study primary 

outcomes. It’s unlikely that this error had differential effects in the study 

results.263 

The UC arm in fact represents enhanced UC. A copy of the ED 

chart was faxed to all PCPs in an effort to disentangle potential reminder 
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and Hawthorne effects derived from written materials sent to the PCPs. 

Discharge plan packages (including written AAPs) are not always provided 

to patients in the ED; they were provided to all study patients in an effort to 

control for potential differential effect of these interventions. While we 

underestimated the beneficial effects of the UC arm components, these 

effects don’t explain the counterintuitive results observed for the primary 

outcome.  

One component of the fidelity of the UC and PF interventions was 

not completely assessed (intervention receipt).159 The research staff who 

sent the fax (either the ED chart or the ED chart + OL-letter) to the PCP 

office obtained confirmation of receipt in all study participants; however, 

the study didn’t measure if the PCPs red these materials or the action they 

took after reading it (e.g., giving directions to their nurses/receptionist to 

divert patients if there was limited capacity to assess them). Finally, the 

CM intervention was delivered as intended to 85% of the population 

assigned to that study arm. Different levels of exposure related to these 

factors should be balanced among the study arms due to the 

randomization and analytic (ITT) methods employed. Other components of 

intervention fidelity were either standardized (provider characteristics, 

training and intervention implementation) or explored in the post-hoc 

subgroup exploratory analyses with no significant findings (proxy 

measures for intervention enactment).  

A new linkage to a PCP compared to an established relationship 
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with a PCP, had the potential to influence the study results; however, the 

proportion of new PCPs assigned to the study patients was similar among 

the study groups. It’s unlikely that this exposure factor had differential 

effects in the study results. 

6.4.2 Patient factors: 

Patient factors examined in this study (e.g., asthma history, 

severity, ED management, medication at presentation and discharge) 

were statistically balanced among the study groups. Patient factors with 

potential clinical imbalance were included in the adjusted analyses and the 

direction of the association between the intervention arms and the risk of 

relapse occurrence remained the same. Medication at presentation 

(ICS/LABA) was associated with an increased risk of relapsing within 90 

days which supports previous research findings indicating a strong 

association between this factor and relapse in patients who are seen and 

discharged from the ED for acute asthma.139 Patients’ skills to learn, 

understand and implement effective-self management were not measured 

at baseline or during the follow-up. Less health literacy has been 

associated with poor longitudinal asthma outcomes; however, this issue 

was not measured in the current study.264 

6.4.3 Health provider-related factors (emergency physicians): 

ED physicians were blinded to the study objectives and to the 

allocation of the interventions. Differences in the level/intensity of their 
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verbal instructions to patients should have been balanced among the 

study arms due to the randomization process. In addition, ED 

management and prescriptions were balanced among the study groups; 

while not ideal, differential evidence-based treatment decisions at ED 

discharge (stepped-up vs. non stepped-up) are unlikely to explain the 

study results. 

6.4.4 Health provider-related factors (PCPs): 

The fact that more than one study patient could have been 

followed-up by the same PCP introduced the chance for contamination; 

which have been controlled in similar studies using cluster randomized 

designs.265 The proportion of patients with a shared physician was similar 

among the study arms; most physicians were male, family doctors with 

long practice history and low documentation of special interest in asthma. 

The ICC was low and the ITT statistical approach should have addressed 

for any potential bias derived from statistical clustering effect.  

6.4.5 System factors: 

Patient’s had similar insurance coverage and medication use during 

the year prior to ED presentation suggesting that differential access to 

medication would be unlikely to explain the study results. A series of 

proxies of their socio-demographic profile (income/Aboriginal 

status/employment) were explored and none of these factors could appear 

to provide explanations for the study results. 
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Analyzing the study data from a different perspective (per protocol 

vs. ITT) helped clarifying that almost 40% of the patients who relapsed 

didn’t have a follow-up with their PCP during the study period. As a result, 

they were never exposed to the effects of the OL-letter recommendations 

given to their PCPs. While most relapses did occur before the PCP 

encounters, differences in the timing of this encounter could not explain 

the results observed in this study.  

The outcome adjudication process allowed the identification of 

another un-intended and consequence of this study (overtreatment). The 

addition of prednisone or/and antibiotics at the PCP encounters could 

have been related to worsening symptoms; however, these could also be 

the result of early and excessive management approaches triggered by 

the OL-letter recommendations. Finally, the proportion of patients on ICS 

medication at 90 days was very similar to the original ED presentation. 

This result provides two important insights: 1) the low adherence with 

controller medication in this group at three months contributed to the 

undesired asthma related outcomes (including new exacerbations);266 and 

2) three months may be an appropriate timing for the assessment of 

ambulatory medication patterns in patients who visit the ED for an asthma 

exacerbation as some are clearly are receiving sub-optimal treatment.267 

6.4.6 Strengths and limitations 

Despite the un-blinded nature of the study interventions, the internal 
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validity of the results relies on the strong research methods employed 

(e.g., randomization, concealment of allocation and blinded ascertainment 

of endpoints), on the systematic adjudication of care gaps addressed in 

the OL-letter intervention, and on the fidelity of the delivery of the 

interventions. The OL-selection followed a self-selection approach, which 

was cost-effective; while the two OLs who participated in this study were 

highly motivated individuals with special interest in asthma, it is possible 

that some members of the PCP community didn’t recognize these specific 

professionals as OLs and therefore ignore their recommendations.246 The 

outcome adjudication process helped minimize the influence of social 

desirability bias likely impacting the health outcomes originally obtained by 

patient self-report.268 While the direction of the estimates derived from 

analyses based on the adjudication process and from patient self-report 

was the same, their magnitude reflected a more precise measure of the 

outcomes of interest. 

Importantly, patients were the unit of randomization and analysis in 

this study; however, patient management and their health outcomes may 

have been differentially influenced by specific PCP characteristics (e.g., 

knowledge, skills, treatment approaches, availability for a short-term 

follow-up, etc.) that were not measured/explored in this study. 

6.5 Conclusion 

Intended and un-intended consequences arose from the 

multifaceted and tailored ED-directed interventions implemented in this 
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study. Both, PCP guidance on follow-up care by a local OL and CM 

guidance on patients’ self-management increased the proportion of PCP 

follow-up after an ED visit for acute asthma in the short-term; the study 

interventions were moderately effective in improving the post-ED linkage 

between patients and PCPs. Most importantly, the interventions were 

associated with increased resource utilization after the ED for acute 

asthma. The results suggest that the faxed OL-letter influenced PCP 

behavior and patient management. Exploration of patient (e.g., history, 

severity, past and ED management, adherence), PCP (e.g., established 

vs. new PCP; age, sex, years of practice), and system (e.g., medication 

coverage, proxies for socio-economic status) factors failed to identify 

potential causes of these results. The most likely explanation to the study 

results is that lack of sub-acute follow-up capacity in PCP offices may 

have contributed to referral to acute care settings and to early and 

excessive treatment after the arrival of the fax. Costs of the 

implementation were not directly considered in this thesis project; 

however, the costs required to implement such interventions would not be 

warranted given the effects on health outcomes and the unintended 

consequences of the study interventions.  
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Figure 6-1 Flow diagram of emergency department directed 

interventions to improve outcomes after asthma exacerbations 

 

*Top three reasons for exclusion 
** Primary outcome data were available on all study patients.   
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Figure 6-2 Proportion of first primary care provider follow-up visits 

within 90 days by study intervention arm 

 

Note: PCP = Primary care provider; CI = confidence interval. 
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Figure 6-3 Proportion of first asthma relapse within 90 days by study 

intervention arm 

 

Note: CI = confidence interval. 
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Figure 6-4 Time to asthma relapse by study intervention arms within 

90 days 
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Figure 6-5 Changes in the overall score of the asthma quality of life 

questionnaire (AQLQ) by study arm 
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Figure 6-6 Changes in the proportion of patients prescribed with anti-

inflammatory medication at emergency department presentation 30 

and 90 days by study arm  

 

Note: ICS = Inhaled corticosteroids; ICS/LABA = Inhaled corticosteroids 

and long-acting β2-agonist 
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Figure 6-7 Sensitivity analyses considering different operative 

definitions of the primary outcome 
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Table 6-1 Baseline characteristics of the study population at 

emergency department presentation 

 

Usual 
Care 

(n=146) 

Personalized 
Fax 

(n=110) 

Care 
 Manager 

(n=111) 
Socio-demographic factors 
Age (years), median 
(IQR) 28 (22, 35) 29 (23, 42) 29 (23, 37) 

Female sex, n (%) 91 (62.3%) 74 (67.3%) 67 (60.4%) 
Ethnicity, n (%)    

Caucasian 112 (76.7%) 75 (68.2%) 84 (75.7%) 
Other 34 (23.3%) 35 (31.8%) 27 (24.3%) 

Highest level of 
education, n (%)    

Post-secondary 
education 90 (61.6%) 58 (52.7%) 61 (54.9%) 

Marital status 
(single), n (%) 90 (61.6%) 60 (54.6%) 63 (56.8%) 

Working for pay or 
profit during the last 
year, n (%) 

101 (69.2%) 76 (69.1%) 87 (78.4%) 

Income in the last 
year, median (IQR)* 

70537 
(57606, 96594) 

78326 
(58400, 100173) 

78614 
(59952, 98631) 

Preventive factors 
Have an "asthma 
action plan", n (%) 73 (50%) 61 (55.5%) 63 (56.8%) 

Written asthma 
action plan 3/73 0/61 2/63 

Use inhalers, n (%) 134 (91.8%) 98 (89.1%) 101 (91.0%) 
Own a spacer device 69/134 36/98 47/101 
Have had 
immunization during 
the last influenza 
season, n (%) 

59 (40.4%) 51 (46.4%) 45 (40.5%) 

Have been referred 
to asthma education, 
n (%) 

24 (16.4%) 15 (13.6%) 17 (15.3%) 

Smoking status, n (%) 
Never 67 (45.9%) 52 (47.3%) 58 (52.3%) 
Current 48 (32.8%) 34 (30.9%) 28 (25.2%) 
Previous 31 (21.8%) 24 (21.8%) 25 (22.5%) 
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Resource utilization 
Have a family 
physician, n (%) 103 (70.6%) 81 (73.6%) 90 (81.1%) 

Family physician 
most frequently treats 
his/her asthma, n (%) 

87 (59.6%) 68 (61.8%) 70 (63.1%) 

ED is the usual site 
for acute asthma 
care, n (%) 

82 (56.2%) 52 (47.3%) 57 (51.3%) 

Time since last ED 
visit (years), median 
(IQR) 

1 (0.3, 3) 2 (0.5, 8) 1.5 (0.5, 5) 

Hospitalizations for 
asthma in past two 
years, median (IQR) 

0 (0, 0) 0 (0, 0) 0 (0, 0) 

Insurance status 
Medication coverage, 
n (%) 111 (76.0%) 75 (68.2%) 78 (70.3%) 

Percentage of 
asthma medication 
paid by the patient, 
median (IQR) 

20 (0, 20) 20 (0, 20) 10 (0, 20) 

Reported less 
medication use due 
to cost, n (%) 

38 (26.0%) 21 (19.1%) 26 (23.4%) 

Chronic asthma factors 
Asthma history 
(years), median (IQR) 20 (13, 20) 20 (10, 25) 19 (13, 26) 

Have a seasonal 
component to asthma 
symptoms, n (%) 

119 (81.5%) 83 (75.5%) 88 (79.3%) 

Ever intubated for 
asthma, n (%) 7 (4.8%) 12 (10.9%) 10 (9.0%) 

Medication at presentation to the ED, n (%) 
Inhaled short-acting 
β2-agonists (SABA) 126 (86.3%) 89 (80.9%) 94 (84.7%) 

Inhaled 
corticosteroids (ICS) 33 (22.6%) 15 (13.6%) 19 (17.1%) 

Inhaled long-acting 
β2-agonists (LABA) 1 (0.7%) 0 0 

Inhaled 
corticosteroids/long-
acting β2-agonists 
(ICS/LABA) 

64 (43.8%) 61 (55.5%) 47 (42.3%) 
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Oral corticosteroids 
(Prednisone) 7 (4.8%) 6 (5.5%) 5 (4.5%) 

Leukotriene 
modifier/antagonist  8 (5.6%) 6 (5.5%) 7 (6.3%) 

Anticholinergics 12 (8.2%) 6 (5.5%) 7 (6.3%) 
Combined SABA + 
anticholinergics 0 0 1 (0.9%) 

Theophylline 0 0 0 

Antibiotics 3 (2.1%) 2 (1.8%) 2 (1.8%) 
Note: IQR = Interquartile range (P75, P25); ED = Emergency department. 

• Canadian dollars.  
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Table 6-2 Clinical characteristics and length of stay 

 
Usual 
Care 

(n=146) 

Personalized 
Fax 

(n=110) 

Care 
Manager 
(n=111) 

Clinical factors at ED presentation 
Canadian Triage Acuity Scale (CTAS) score, n (%) 

1,2 29 (19.9%) 21 (19.1%) 14 (12.6%) 
3 90 (61.6%) 70 (63.6%) 85 (76.6%) 

4,5 27 (18.5%) 19 (17.3%) 12 (10.8%) 
Duration of symptoms, median (IQR) 
Days with respiratory 
symptoms getting worse 2 (0.5, 4) 3 (0.6, 6) 2 (0.7, 5) 

Days with activity limitation 
due to asthma 2 (1, 4) 1 (0, 3) 1 (0, 3) 

No. of inhaled β2-agonist 
puffs within 24 hours of ED 8 (2, 16) 8 (1, 20) 8 (3, 15) 

Vital signs, median (IQR) 
Pulse 100 (89, 108) 99 (86, 113) 95 (86, 112) 
Respiatory rate 20 (18, 24) 20 (18, 26) 20 (18, 23) 
SaO2 (On room air) 97 (95, 98) 97 (95, 98) 97 (95, 98) 

Temperature 36.6 (36.2, 36.8) 36.4 (36.1, 
36.7) 

36.5 (36.2, 
36.8) 

ED course 
Received inhaled β2-
agonists in the ED, n (%) 140 (95.9%) 105 (95.5%) 104 (93.7%) 

No. of treatments in the 
first hour (puffs), median 
(IQR) 

0 (0, 0) 0 (0, 5) 0 (0, 5) 

No. of treatments over ED 
stay, median (IQR) 10 (4, 8) 12 (4, 18) 11 (4, 19) 

Given any corticosteroid 
treatment, n (%) 113 (77.4%) 85 (77.3%) 81 (72.9%) 

Received inhaled 
anticholinergics, n (%) 129 (88.4%) 97 (88.2%) 92 (82.9%) 

No. of treatments in the 
first hour, median (IQR) 0 (0, 3) 0 (0, 5) 0 (0, 5) 

No. of treatments over ED 
stay, median (IQR) 8 (4, 15) 12 (4, 16) 9 (4, 15) 

MgSO4 medication in the 
ED, n (%) 7 (4.8%) 7 (6.4%) 4 (3.6%) 

Lung Function 
Earliest PEF (n=294), 
median (IQR) 278 (222, 350) 300 (205, 373) 300 (225, 

350) 
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Final PEF (n=344), median 
(IQR) 350 (300, 419) 340 (296, 411) 353 (300, 

449) 
Change in PEF (n=217), 
median (IQR) 79 (42, 136) 71 (30, 124) 71 (39, 149) 

Earliest %Predicted PEF 
(n=292), median (IQR) 58 (47, 73) 61 (45, 84) 60 (49, 71) 

Final %Predicted PEF 
(n=344), mean (SD) 76 (19.7) 74 (22.1) 77 (20.3) 

Change in %Predicted 
PEF (n=217), median 
(IQR) 

18 (7, 29) 17 (5, 26) 13 (8, 30) 

FEV1 % Predicted at 
discharge (n=344), median 
(IQR) 

84 (63, 94) 76 (59, 93) 78 (60, 90) 

FEV1/FVC % (n=344), 
median (IQR) 75 (55, 85) 77 (66, 83) 76 (65, 85) 

Medication at ED discharge, n (%) 
Inhaled short-acting β2-
agonists (SABA) 141 (96.6%) 108 (98.2%) 108 (97.3%) 

Inhaled corticosteroids 
(ICS) 66 (45.2%) 43 (39.1%) 43 (38.7%) 

Inhaled long-acting β2-
agonists (LABA) 1 (0.7%) 0 0 

Inhaled 
corticosteroids/long-acting 
β2-agonists (ICS/LABA) 

67 (45.9%) 58 (52.7%) 53 (47.8%) 

Oral corticosteroids 
(Prednisone) 108 (74.0%) 87 (79.1%) 86 (77.5%) 

Leukotriene 
modifier/antagonist  10 (6.8%) 3 (2.7%) 4 (3.6%) 

Anticholinergics 30 (20.6%) 20 (18.2%) 28 (25.2%) 
Combined SABA + 
anticholinergics 27 (18.5%) 20 (18.2%) 27 (24.3%) 

Theophylline 0 0 0 
Antibiotics 18 (12.3%) 5 (4.6%) 9 (8.1%) 
ED outcomes 
ED length-of-stay (hours), 
median (IQR) 4.4 (3.2, 5.8) 4.3 (3.2, 5.6) 4 (3.0, 5.1) 

ED length-of-stay > 6 
hours, n (%) 35 (24.0%) 26 (24.0%) 14 (12.6%) 

Note: IQR = Interquartile range (P75, P25); ED = Emergency department; 
PEF = Peak expiratory flow; FEV1 = Forced expiratory flow in 1 second; 
FEV1/FVC = Forced expiratory flow in 1 second and forced vital capacity 
ratio. 
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Table 6-3 Proportion of primary care provider visits and asthma 

relapses within 30 and 90 days by study intervention (patient self-

report) 

Study outcomes 
Usual 
Care 

(n=146) 

Personalized 
Fax 

(n=110) 

Care 
Manager 
(n=111) 

p value 

Had a first PCP 
visit within 30 
days, % and 
(95% CI) 

32.9% 
(25.7, 40.9) 

49.1% 
(39.8, 58.4) 

51.4% 
(42.0, 60.6) 0.004φ 

Time to first PCP 
visit in days, 
median (IQR) 

8 (4, 18) 10 (5, 19) 10 (6, 19) 0.591 

Had a first PCP 
visit between 
30-90 days, % 
and (95% CI) 

36.6% 
(29.1, 44.9) 

31.1% 
(22.8, 40.7) 

34.6% 
(26.0, 44.3) 0.664 

Time to first PCP 
visit in days, 
median (IQR) 

64 (46, 80) 58 (50, 78) 57 (45, 67) 0.399 

Had a first PCP 
visit within 90 
days, % and 
(95% CI) 

56.8% 
(48.6, 64.7) 

61.8% 
(52.4, 70.5) 

65.8% 
(56.4, 74.0) 0.342 

Time to first PCP 
visit in days, 
median (IQR) 

23 (8, 51) 14 (6, 24) 15 (8, 30) 0.029θ 

Had a first 
asthma relapse 
within 30 days, 
% and (95% CI) 

5.5% 
(2.8, 10.6) 

14.6% 
(9.1, 22.5) 

5.4% 
(2.4, 11.6) 0.021ϕ 

Time to first 
asthma relapse in 
days, median 
(IQR) 

5 (2, 11) 8 (4, 11) 5 (1, 19) 0.694 

Had a first 
asthma relapse 
between 30-90 
days, % and 
(95% CI) 

6.2% 
(3.2, 11.5) 

11.8% 
(7.0, 19.4) 

10.8% 
(6.2, 18.1) 0.227 

Time to first 
asthma relapse in 
days, median 

45 (33, 65) 61 (42, 75) 49 (35, 64) 0.190 
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Note: IQR = Interquartile range (P75, P25); PCP = primary care provider; 
ED = Emergency department. 
φ Bonferroni correction: UC vs Fax: 0.027; UC vs CM: 0.009; Fax vs CM: 
2.211. 
θ Bonferroni correction: UC vs Fax: 0.036; UC vs CM: 0.174; Fax vs CM: 
1.443. 
ϕ Bonferroni correction: UC vs Fax: 0.039; UC vs CM: 1.809; Fax vs CM: 
0.057. 
δ Bonferroni correction: UC vs Fax: 0.021; UC vs CM: 0.63; Fax vs CM: 
0.522. 

 

  

(IQR) 
Had a first 
asthma relapse 
within 90 days, 
% and (95% CI) 

11.6% 
(7.4, 18.0) 

24.6% 
(17.4, 33.5) 

17.1% 
(11.2, 25.4) 0.025 δ 

Time to first 
asthma relapse in 
days, median 
(IQR) 

31 (5, 44) 14 (7, 61) 35 (19, 53) 0.752 

Number of 
asthma relapses 
within 90 days, 
median (IQR) 

1 (1, 1) 1 (1,2) 1 (1, 1) 0.356 

Hospitalizations 
within 90 days, 
% and (95% CI) 

1.4% 
(0.3, 5.4) 

4.5% 
(1.9, 10.5) 

2.7% 
(0.9, 8.1) 0.262 

Time to 
hospitalization in 
days, median 
(IQR) 

17 (2, 31) 58 (2, 69) 1 (0, 90) 0.645 
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Table 6-4 Proportion of primary care provider visits and asthma 

relapses within 30 and 90 days by study intervention (results from 

the outcome adjudication) 

Study outcomes 
Usual 
Care 

(n=146) 

Personalized 
Fax 

(n=110) 

Care 
Manager 
(n=111) 

p value 

Had a first PCP 
visit within 30 
days, % and 
(95% CI) 

29.5% 
(22.6, 37.4) 

45.5% 
(36.3, 54.9) 

47.7% 
(38.6, 57.1) 0.004φ 

Time to first 
PCP visit in 
days, median 
(IQR) 

7 (4, 16) 10 (5, 17) 12 (7, 19) 0.162 

Had a first PCP 
visit between 
30-90 days, % 
and (95% CI) 

35.6% 
(28.2, 43.8) 

22.7% 
(15.8, 31.6) 

31.5% 
(23.5, 40.8) 0.082 

Time to first 
PCP visit in 
days, median 
(IQR) 

61 (42, 76) 51 (35, 71) 55 (45, 70) 0.553 

Had a first PCP 
visit within 90 
days, % and 
(95% CI) 

54.1% 
(45.9, 62.1) 

57.3% 
(47.8, 66.2) 

61.2% 
(51.8, 69.9) 0.517 

Time to first 
PCP visit in 
days, median 
(IQR) 

24 (6, 57) 13 (6, 24) 16 (8, 30) 0.036θ 

Had a first 
asthma relapse 
within 30 days, 
% and (95% CI) 

6.1% 
(3.2, 11.5) 

18.2% 
(12.0,26.6) 

9.9% 
(5.5, 17.1) 0.009ϕ 

Time to first 
asthma relapse 
in days, median 
(IQR) 

6 (2, 11) 7 (2, 11) 4 (1, 6) 0.494 

Had a first 
asthma relapse 
between 30-90 
days, % and 
(95% CI) 

6.1% 
(3.2, 11.5) 

11.8% 
(7.0, 19.4) 

9.0% 
(4.9, 16.0) 0.262 
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Time to first 
asthma relapse 
in days, median 
(IQR) 

44 (35, 59) 58 (42, 75) 45 (35, 53) 0.185 

Had a first 
asthma relapse 
within 90 days, 
% and (95% CI) 

12.3% 
(7.9, 18.8) 

28.2% 
(20.5, 37.4) 

18.9% 
(12.6, 27.4) 0.006δ 

Time to first 
asthma relapse 
in days, median 
(IQR) 

30 (6, 43) 12 (4, 51) 22 (4, 40) 0.840 

Number of 
asthma relapses 
within 90 days, 
median (IQR) 

1 (1, 1) 1 (1,2) 1 (1, 2) 0.208 

Hospitalizations 
within 90 days, 
% and (95% CI) 

1.4% 
(0.3, 5.4) 

5.5% 
(2.5, 11.7) 

3.6% 
(1.3, 9.3) 0.168 

Time to 
hospitalization 
in days, median 
(IQR) 

17 (2, 31) 8 (2, 18) 1 (1, 45) 0.623 

Note: IQR = Interquartile range (P75, P25); PCP = primary care provider; 
ED = Emergency department. 
φ Bonferroni correction: UC vs Fax: 0.024; UC vs CM: 0.009; Fax vs CM: 
2.199. 
θ Bonferroni correction: UC vs Fax: 0.033; UC vs CM: 0.528; Fax vs CM: 
0.621. 
ϕ Bonferroni correction: UC vs Fax: 0.009; UC vs CM: 0.801; Fax vs CM: 
0.231. 
δ Bonferroni correction: UC vs Fax: 0.003); UC vs CM: 0.435); Fax vs CM: 
1.305. 

 

  

 171 



Table 6-5 Unadjusted and adjusted analyses for the main study 

outcome 

Risk of having an asthma relapse within 90 days 

Study intervention Unadjusted OR 
(95% CI) 

Adjusted OR 
(95% CI) 

Personalized fax* 3.1 
(1.6 to 6.1) 

2.8 
(1.7 to 4.6) 

Care manager* 1.8 
(0.8, 4.2) 

1.8 
(0.7, 4.8) 

Female sex 
Ref: Male sex  0.8 

(0.5, 1.5) 
Post-secondary education 
Ref: High-school education 
or less 

 1.4 
(0.9, 2.2) 

ED-usual site for acute 
asthma care 
Ref: ED- not an usual site 
for acute asthma care 

 1.8 
(0.9, 3.6) 

Number of years since last 
ED visit (continuous)  1.0 

(0.9, 1.1) 
ICS/LABA medication at ED 
presentation 
Ref: No ICS/LABA 
medication at ED 
presentation 

 1.9 
(1.1, 3.2) 

Stepped-up treatment 
approach at  ED discharge 
Ref: No stepped-up 
treatment approach at  ED 
discharge 

 0.8 
(0.4, 1.5) 

ED-length of stay>6 hours 
Ref: ED-length of stay ≤6 
hours 

 1.4 
(0.7, 3.1) 

Note: Ref= reference category; OR= odds ratio; CI= confidence interval; 
ED= emergency department; ICS-LABA= Inhaled corticosteroids/long-
acting β2-agonists 
* Logistic regression using GEE and considering UC as the reference 
category. 
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Table 6-6 Preventive actions discussed at the primary care provider 

follow-up visits documented within 90 days (patient self-report) 

 

Intervention 1 

(n=128)* 

Intervention 2 

(n=89)* 

Intervention 3 

(n=93)* 

Preventive action Number, (%) 

Education referral 14 (10.9%) 12 (13.5%) 20 (21.5%) 

Written asthma action 

plan provided in the 

emergency department  

13 (10.1%) 20 (22.5%) 19 (20.4%) 

Smoking cessation**  17 of 55 (30.9%) 10 of 45 (22.2%) 10 of 46 (21.7%) 

Immunization 8 (6.3%) 11 (12.4%) 18 (19.4%) 

Compliance/adherence 

with inhalers  
47 (36.7%) 30 (33.7%) 38 (40.9%) 

* Number of patients who were reached either at 30 or 90 days after 
emergency department discharge. 
** Percentages are based on the number of patients who reported to 
smoke at the primary care provider follow-up visit.  
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Appendix 6-1 List of study protocol deviations and violations 

reported to the Health Ethics Research Board at the University of 

Alberta. 

Protocol Deviation 
Description: 
Change in the allocation ratio for the study randomization 

sequence. 
• The study protocol stipulated a 1:1:1 allocation ratio to one of the 

three arms (usual care/personalized fax to the primary care 
provider/patient asthma education by care manager [CM]).  

• The independent organization that was contracted and paid to 
provide the randomization services made an error and assigned a 
2:1:1 ratio to main study sites. 

•  This error was detected and corrected by this organization close on 
August 20th 2015; however, based on the recruitment of the 
originally planned sample size (n=367) and the 
assessment/verification of all of the study primary outcomes we 
should have enough power to detect statistically significant 
differences among the study arms.  

Protocol Violation #1 

Patient ID: (RMV) 05 01 052  
Description:  

Patient randomized to the CM education arm of the study 

and received usual care. 

• Enrolled October 24th 2014 and randomized to receive CM 
education. 

• After files sent to Edmonton site, there was an absence of follow 
up and CM forms.  

• Follow up with Calgary CM confirmed that there was no referral 
for this patient. 

Protocol Violation #2 
Patient ID: (RMV) 05 01 052  
Description:  
Missing original patient files. 
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• After receiving all of the original documentation in Edmonton, 
Calgary was notified on June 29th 2015 that original 
documentation was missing.  

• On March 11th 2016 it was concluded that the original 
documentation was missing including: original consent, baseline 
visit forms, 30 day follow up forms, and CM forms. 

• The original patient file contains personal health identifiable 
information (such as PHN, full name, DOB, full address, phone 
number, secondary contact information, and medical history). 

• The study coordinator from Calgary confirmed on March 17th 
2016 that the original patient files were lost representing a 
breech of privacy. 

 
Protocol Violation #3 

Patient ID: (ELT) 05 02 043  
Description: 
No record of randomization. 
• Enrolled August 12th 2014 in Calgary. 
• Checklist received indicated “usual care” assigned by the study 

coordinator from Calgary. 
• Searches revealed no information regarding patient enrollment 

was sent to Edmonton site. 
• Searches revealed no record of randomization through 

randomization service. 
 

Protocol Violation #4 

Patient ID: (MCZ) 05 03 010 
Description: 
• Patient randomized to receive a personalized opinion letter (OL) 

fax to his/her primary care provider and received CM education. 
• Patient was enrolled Sunday, September 22, 2013 in Calgary. 
• Information emailed to Edmonton site Monday September 23rd 

for randomization. Following review, some clarification was 
requested before randomization could be completed. 

• The final information for randomization was sent from Calgary to 
Edmonton on 9:17am on September 24rd. 

• Dr. Rowe randomized the patient on September 25th 2013 to 
receive a personalized fax from the Calgary OL to the Family 
Physician.  

• Dr. Rowe sent an email to the Calgary site on September 25th 
confirming the randomization allocation with the OL-letter 
attached. 

• During data cleaning process it was discovered that this patient 
study enrollment checklist was assigned to the CM arm, the 
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patient file includes 2 CM phone call records. 
 

Protocol Violation #5 
Patient ID: (GCA) 01 04  
Description:  
File received outside of timeframe eligible for randomization. 

• Patient provided consent to participate in the study and baseline 
study forms were completed on June 25th 2013 by the research 
staff. The file was not provided on time for randomization by the 
study coordinator from Edmonton.  
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Appendix 6-2 Discharge package (asthma discharge plan, asthma 

handbook [section 4: medications] and written asthma action plan). 
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Appendix 6-3 Opinion leader-letter. 
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Appendix 6-4 Care manager form. 
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Appendix 6-5 Thirty-day follow-up form. 
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Appendix 6-6 Ninety-day follow-up form. 
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Appendix 6-7 Asthma Quality of Life Questionnaire (AQLQ). 
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Appendix 6-8 Ninety-day outcome verification form. 
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Appendix 6-9 Screening checklist. 
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Appendix 6-10 Informed consent form. 
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Appendix 6-11 Chart review form. 
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Appendix 6-12 Emergency department visit form.
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7 DISCUSSION AND CONCLUSIONS 

7.1 Summary of results 

The chapters of this thesis introduce (Chapters 1 and 2), present 

(Chapters 3 to 6) and discuss (Chapter 7) the results of three studies that 

were conducted in an effort to synthesize the evidence, identify patient 

and physician preferences, and improve outcomes using multifaceted 

interventions after emergency department (ED) visits for acute asthma. 

The knowledge to action (KTA) model developed by Graham and 

Straus133, 134 was adapted (Figure 7-1) to provide a conceptual framework 

that could help answering the following research question: Using 

randomized controlled trial (RCT) methods (Design), in adult patients with 

acute asthma discharged from the ED (Population), will opinion leader 

(OL) or care manager (CM)-based interventions directed from the ED 

(Intervention) reduce relapses and improve outcomes (Outcomes) 

compared to usual care (Control)? 

This section summarizes the main results of these three studies 

and their contributions to the overall knowledge in the field: 

7.1.1 Systematic review and meta-analysis on the effectiveness 

of educational interventions to increase primary care 

follow-up for adults seen in the emergency department for 

acute asthma: 

 This systematic review (SR) provided conclusive evidence to 
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support the consideration of ED-directed educational interventions 

targeting either adult patients or providers as effective strategies to 

increase office follow-up visits with a primary care provider (PCP) after 

asthma exacerbations (Table 7-1). Meta-analysis of data from five RCTs 

conducted in North America,162-166 revealed that such interventions led to a 

greater likelihood of having follow-up with a clinician after ED discharge for 

an asthma exacerbation. Approximately six patients would need to receive 

ED-directed educational interventions after being discharged in order to 

generate one additional office follow-up visit with a PCP. This review didn’t 

provide conclusive evidence to support the consideration of ED-directed 

educational interventions targeting either adult patients or providers as 

effective strategies to improve important patient-oriented outcomes, such 

as relapses and hospital admissions, after asthma exacerbations.  

 A variable description of intervention fidelity was identified in the 

included studies (Table 7-1).170 The majority of the interventions focused 

on educating patients with asthma about warning signs, acute medical 

management, ED-discharge efforts to improve PCP follow-up, and 

indications to return to the ED for re-evaluation. Importantly, the 

educational interventions included co-interventions such as the provision 

of a short course of oral corticosteroids, transportation vouchers and 

letters faxed to the patient’s PCP office. 

 This SR followed structured and rigorous methods in order to 

minimize the risk of publication and selection bias;148 it also assessed 
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study validity and intervention fidelity159 in order to facilitate the 

interpretation and applicability of the evidence-based inferences. Due to 

the small number of studies for each comparison, the potential for 

publication bias was not formally assessed. Study inclusion was restricted 

to RCTs based on the interest in summarizing the highest quality evidence 

to provide support to inform guideline recommendations. 

 This review contributed to the overall thesis project by summarizing 

high-quality evidence on ED-directed educational interventions focused on 

improving PCP follow-up after asthma exacerbations. It revealed that most 

of these educational interventions were multifaceted. No specific studies 

were found on the effectiveness of personalized OL-letters delivered to 

their PCPs or CM guidance, in an incremental approach. It also confirmed 

that knowledge users have not been engaged in the design of such 

interventions. All these aspects helped reinforce that the research 

question supporting this PhD project was feasible, of interest, novel and 

ethically relevant.269 

7.1.2 Engaging patients and primary care providers in the design 

of novel OL-based interventions for acute asthma in the 

emergency department: a mixed-methods study: 

Using sequential explanatory mixed methods, input from patients 

and PCPs helped tailor OL-based interventions in acute asthma directed 

from the ED; they also allowed the identification of potential barriers and 

facilitators for knowledge uptake and for the implementation of these and 
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similar interventions. 

Nomination of a Respirologist as the preferred OLs for guidance on 

ambulatory asthma care reflects their earned professional leadership role, 

trust and respect among individuals with different technical competences 

and status in the health system.190 Both patients and PCPs, however, 

recognized the limited availability of Respirologists for the provision of post 

discharge self-management education and discussed the potential benefit 

derived from empowering other health care providers working in or outside 

the ED to assume that role. 

The first week of ED discharge was identified as a practical time 

frame for the provision of asthma education. Additional components of a 

proposed initiative were requested by PCP respondents such as faxing 

them a copy of the patients’ ED chart and a personalized letter including 

details on their patients’ final diagnosis, ED and ED post-treatment. 

Patients identified anxiety during an asthma attack as a potential 

barrier for the delivery of interventions in the ED. Finally, time constraints 

were identified as an important barrier for an effective post-ED interaction 

with PCPs. 

This study contributed to the overall thesis project by providing 

valuable information to refine the ED-directed OL-based multifaceted 

interventions to be evaluated in the comparative effectiveness trial. In 

depth discussions of the survey responses helped identify the main drivers 

of patients and PCPs’ preferences for OL-selection, as well as potential 
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barriers and facilitators for knowledge uptake and for the potential 

implementation of these and similar interventions. The value that both 

patients and PCPs provided to health professional liaisons as education 

providers was a key finding that helped with the interpretation of the 

applicability of the overall project results. Potential effect-modifiers of 

these interventions (e.g., patient anxiety levels and timing of the 

intervention) might not have been discovered had a mixed methods 

approach not been employed.  

7.1.3 Emergency-Department Directed Interventions to improve 

outcomes after asthma exacerbations: 

This comparative effectiveness trial included adults treated and 

discharged from the ED for an asthma exacerbation. Several gaps in 

asthma care were identified in the study population at ED presentation; the 

prevention actions associated with these care gaps underwent a 

structured adjudication process and were addressed in one of the study 

arms. 

Multifaceted and tailored ED-directed interventions including 

personalized OL-letters faxed to the PCPs or OL plus CM guidance on 

self-management to patients were moderately effective in improving the 

linkage between patients and PCPs after an ED visit for acute asthma; 

however, this effect was attenuated by 90 days. Unfortunately, 

approximately 50% of patients in all groups still had not received a 

guideline recommended PCP visit by the 90-day end of study deadline.  
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The study interventions were not effective in reducing resource 

utlization or improving quality of life (QoL). Importantly, counterintuitive 

results were observed on the primary study outcome and overtreatment 

was documented during the PCP follow-up visits. Finally, the proportion of 

patients on inhaled corticosteroid medication at 90 days was very similar 

to the pattern seen at ED presentation, suggesting that long-term 

adherence to preventer medications remains an issue in the post-ED 

period. 

The internal and external validity of the study results rely on the 

strong research methods employed, the structured adjudication of care 

gaps addressed in the OL-letter intervention, the fidelity of the delivery of 

the interventions and the verification of health outcomes originally 

obtained by patient self-report (Table 7-1). 

7.2 Interpretation of the thesis results 

Asthma is a complex respiratory condition in which the dynamic 

interaction of a number of factors including patient, environmental, 

pharmacologic and non-pharmacologic (including system features) 

influence its level of control (Figure 7-2). 20, 21 Deficiencies or issues in one 

or more of these factors may affect their interaction and increase the risk 

of exacerbations due the loss of asthma control.38, 39 

Loss of asthma control often results in ED visits for acute asthma. 

In the ED, synergism among a number of actions also influence immediate 

and short-medium term outcomes like medical disposition (admission vs. 
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discharge) and relapses, respectively. The provision of evidence-based 

management while in the ED and at discharge, and of clear discharge 

instructions/written plans have been shown to have a significant impact on 

patient oriented outcomes. 90, 112, 113, 117 

In those patients who are discharged (~90% in Canada), a follow-

up visit with a PCP after ED presentation constitutes the ideal scenario for 

the review of symptoms, pharmacologic treatment (e.g., reinforcement of 

the importance of adherence to/continuation of the ED prescription), self-

management strategies and the discussion of relevant preventive actions 

(e.g., proper inhaler techniques, smoking cessation, referral for asthma 

education).1, 44, 116 The quality of the care offered to patients at this 

encounter influences the complete resolution of the exacerbation (regain 

of asthma control) or the occurrence of undesired events (relapses). 

The results of the systematic review and of the comparative 

effectiveness trial included in this thesis suggest that a variety of 

multifaceted interventions directed from the ED, are effective strategies to 

increase PCP follow-up visits after asthma exacerbations. Nonetheless, 

the PCP interaction often fails to achieve the desired result of a granular 

evaluation of pharmacological or non-pharmacological factors designed to 

regain asthma control. The conclusive and counterintuitive results of the 

comparative effectiveness trial do not support the adoption of OL-letters 

faxed to the PCPs or OL plus CM guidance to improve patients’ self-
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management as valid approaches to reduce resource utilization or 

improve QoL (Table 7-1). 

The comparative effectiveness trial addressed an important 

limitation identified in the SR; the fidelity of the delivery of the study 

interventions was described in detail. Briefly, the majority of the OL-letters 

were successfully delivered via fax within the 48-hour time frame, received 

by the PCP office, and contained the requested information in no more 

than a one-page summary. Similarly, the CM telephone contact occurred 

within 7 days in more than 80% of the cases, and frequently (62%) 

resulted in a request for a second contact. 

In addition, the verification and external adjudication of the study 

outcomes provided a more precise measure of the outcomes of interest 

than the one obtained from patient self-report. The counterintuitive results 

and un-intended consequences suggest that the faxed OL-letter 

influenced PCP behaviour and patient management. The exploration of 

study, patient, health provider, and system factors failed to identify 

additional causes of these results apart from those that could have been 

derived by the effect of the faxed OL-letter. The lack of sub-acute follow-

up capacity in PCP offices may have contributed to early and excessive 

ambulatory treatment, and referral to acute care settings after the arrival of 

the fax. The cost-effectiveness of implementing these interventions is yet 

to be determined; however, investing in such interventions seems 
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unwarranted given the weak benefits on health outcomes and the 

unintended consequences of the study interventions. 

7.3 Study significance and implications for patients, health care 

professionals, policy makers and researchers 

Knowledge-to-practice gaps in complex clinical conditions like 

asthma will only be closed by the successful implementation of valid 

evidence at low risk of bias; this is only possible when factors affecting 

practice, behaviour or policy change are anticipated and evaluated using 

rigorous research methods. 

This is the first study in the asthma literature that examines if ED-

directed interventions focused on increasing PCPs-patient follow-up using 

an incremental approach of OL-letter to PCPs alone or in addition to CM 

guidance on self-management, improve outcomes in patients with 

moderate to severe acute asthma being discharged from the ED. 

The results of this thesis project are methodologically, clinically and 

contextually relevant since they 1) synthesize the evidence on high-quality 

interventions targeting the transitions in care between the ED and PCPs 

for asthma and identify factors that may influence their effectiveness; 2) 

highlight the value of considering KTA frameworks, of engaging potential 

knowledge users, and of using mixed-methods in comparative 

effectiveness studies of multifaceted interventions; and 3) reveal important 

information about the occurrence of desired and undesired outcomes after 

acute asthma visits to Canadian EDs. 
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The KTA model developed by Graham and Straus133, 134 has been 

the framework for the development, implementation and evaluation of 

several quality-improvement initiatives promoting evidence-based 

practices in Canada.270 The novelty of this project relies on the generation 

of new evidence based on a dynamic, theory-based and stepped-

approach (using integrated knowledge translation principles and high-

quality research methods) in an attempt to bridge the gap between 

knowledge generation and its adoption into practice. 271 

An important message for patients with asthma derived from this 

program of research is that a follow-up visit with their family doctor is still 

considered a key step in regaining asthma control following an ED visit. 

Interventions like the ones evaluated in this thesis project, however, are 

not effective strategies to reduce their visits to acute care settings for 

perceived need of further treatment if there is limited capacity to follow-

them up effectively after an ED visit for acute asthma. 

The main message to emergency physicians is that while the 

overall quality of the ED management observed in this thesis could be 

perceived as “evidence-based”, there is still a window for improvement on 

specific components like their treatment decisions at discharge (a 

stepped-up approach is always recommended). A careful assessment of 

patients’ history, severity of presentation, response to treatment and 

predictors for relapse should guide all disposition decisions and discharge 

instructions. The identification of high levels of anxiety in their patients 
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during the acute episode should be followed by the selection of alternative 

strategies (e.g., assistance from allied health professionals) for the 

delivery of asthma education and guidance.114, 144 

The main message to PCPs treating patients with asthma is that 

arranging an effective post-ED follow-up in their patients may have an 

significant impact on their outcomes. An effective follow-up includes 

reviewing their symptoms, reinforcing the importance of adherence to 

asthma controller medication, and assessing preventive actions. Limited 

capacity for short-term follow-up in offices should initiate the search for 

alternative cost-effective strategies for timely patient assessment such as 

post-ED follow-up by allied health professionals (e.g., respiratory 

therapists, pharmacists, asthma educators) from the primary care network. 

In addition, when possible, health care interventions should be adapted to 

patients’ levels of health literacy. Finally, Respirologists will benefit from 

knowing value that both patients with asthma and PCPs give to their 

guidance in ambulatory asthma care. 

There are important implications from the results of this thesis for 

policy makers. Unless large and definitive, the results of a single study 

should not immediately change practice or policy. The implementation of 

interventions targeting complex conditions like asthma should rely on the 

evaluation of their effectiveness using high-quality, socially accountable 

and context-sensitive research methods such as the ones used in this 

program of research. The description of the fidelity of the study 
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interventions should help reflecting on the potential risks and benefits 

derived from similar interventions that can or cannot be easily 

implemented in clinical practice. Moreover, this research reinforces the 

caution of implementing even well intended interventions/strategies 

avoided unless they are accompanied by rigorous assessment of their 

effectiveness and the costs to the health care system.272, 273 

Finally, a key message for researchers is that un-intended 

consequences of study interventions need to be carefully explored and 

interpreted. The solid rationale, theory and research methods supporting 

this thesis proposal allowed the discussion of factors that could have 

influenced its counterintuitive and un-intended results. 

7.4 Future directions 

The results from this research allowed the identification of 

opportunities for future research initiatives including, but not limited to, the 

following areas: 

1. The assessment of the impact that different ED treatment decisions 

(non stepped-up vs. stepped-up approaches) have on the health 

outcomes of patients who are discharged home after being treated 

for an asthma exacerbation.  

2. The assessment of the quality of asthma care provided at the 

primary care level after an ED visit for acute asthma, and of the 

impact that the provision of different levels of evidence-based 

interventions has on patients’ health-related outcomes.  
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3. The exploration of the impact that different delivery methods of the 

“active ingredients” of ED directed OL-leader and CM interventions 

(e.g., face to face encounters, summaries of guidelines or 

evidence) has on patients’ health outcomes. 

4. The evaluation of alternative care providers (e.g., nurse 

practitioners, asthma educators, pharmacists, physicians with an 

interest in asthma) in the provision of urgent post-ED 

reassessment, medication reconciliation and adjustment, and 

relapse prevention. 

5. The evaluation of alternative PCP intervention delivery models 

(e.g., same-day booking, primary care networks, etc.) on urgent 

post-ED reassessment, medication reconciliation and adjustment, 

and relapse prevention. 

6. The evaluation of the use of electronic applications for physicians 

(e.g., computerized decision support systems) and/or patients (e.g., 

texts, social media) to generate reminders and evidence-based 

guidance after a patient ED visit for acute asthma. 

7. The use of the KTA conceptual framework and mixed-research 

methods employed in this program of research to answer similar 

research questions in other clinical conditions. 
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7.5 Conclusions 

Asthma is a complex chronic respiratory disease and exacerbations 

place patients at increased risk of sub-optimal outcomes, impaired QoL 

and poor asthma control in the future. One important, often missing 

component of care after an ED visit for acute asthma is a timely re-

assessment by a PCP using evidence-based approaches. Multifaceted 

and tailored ED-directed interventions including personalized OL-letters 

faxed to the PCPs or CM guidance on self-management to patients, in an 

incremental approach appear to be moderately effective in improving the 

linkage between patients and PCPs after an ED visit for acute asthma; 

however, the effect is attenuated over time. The study interventions, 

however, were not effective in reducing resource utilization or improving 

QoL. Moreover, un-intended consequences including overtreatment at the 

patient-PCP follow-up encounters were associated with the study 

interventions. 

This research adds to the asthma literature by providing robust 

comparative evidence of novel ED-directed strategies designed to improve 

health-related outcomes for asthma. The use of a KTA conceptual 

framework favoured a reflective and synergistic research process with the 

involvement of potential end users. Regardless of the outcome of the 

comparative effectiveness study, the interpretability of these results and 

their potential applicability was enhanced by the previous contact with the 
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practice environment and the anticipation of potential barriers and 

facilitators for knowledge implementation. 
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Figure 7-1 Knowledge to action (KTA) model supporting this thesis 

project. 
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Figure 7-2 Factors influencing the loss of asthma control and the 

potential outcomes resulting from the care provided in emergency 

departments and in the ambulatory care setting. 

 

Note: ED= emergency department; PCP = primary care provider; D/C = 
discharge  
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Table 7-1 Comparison between the characteristics and results of the 

systematic review and the comparative effectiveness trial included in 

this thesis project. 

 

Systematic 
 Review 

Comparative effectiveness 
trial 

Population 
Patients discharged from 
the ED after being treated 

for acute asthma 

Patients discharged from 
the ED after being treated 

for acute asthma 
Interventions Multifaceted Multifaceted 
Number/type 
of studies 5 RCTs 1 RCT 

Sample size n=825 n=367 
Intervention 
fidelity Poorly described Well described 

Outcomes 
source/type Patient report/pooled Verified/adjusted 

PCP follow-up 
visits within 
30 days 

1.6 (95%CI: 1.3 to 1.9) 

PF vs. UC: 
2.2 (95%CI: 1.3 to 3.7) 

CM vs. UC: 
2.1 (95%CI: 1.2 to 3.89) 

Relapses 
within 90 days 1.3 (95%CI: 0.8 to 2.0) 

PF vs. UC: 
2.8 (95%CI: 1.7 to 4.6) 

CM vs. UC: 
1.8 (95%CI: 0.7 to 4.8) 

Note: ED= emergency department; RCT = randomized controlled trial; 
PCP = primary care provider; PF = personalized fax (study intervention); 
CM = care manager (study intervention); CI= confidence interval. 
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