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Résumé

Introduction: Des essais cliniques randomisés ont démontré que I'éducation sur 1'asthme, sans
ou avec un suivi médical, réduit le risque de visites a I'urgence subséquentes. Toutefois,
I'éducation sur l'asthme et le suivi médical spécialisé sont souvent offerts dans des contextes
différents, ce qui rend difficile I’implémentation en pratique clinique.

Objectifs: Chez les enfants référés au Centre d’enseignement sur 1’asthme (CEA) suite a une
visite a 1’urgence pour asthme, 1’objectif principal est d’évaluer I'impact réel individuel et
combiné d’une visite au CEA et d’un suivi médical spécialisé¢ (SMS) sur une visite a ['urgence

subséquente pour I’asthme au cours de I’année suivante.

Méthodes: Etude de cohorte rétrospective d’enfants référés au CEA dans 1’année suivant une
visite a ’'urgence pour ’asthme. Le délai jusqu’a la visite subséquente a 1’urgence pour
asthme a ¢été analysé par un modele a risques proportionnels de Cox avec les variables

d’exposition (CEA et SMS) variant dans le temps.

Résultats: Comparativement aux enfants qui n’ont re¢u aucune exposition, ceux qui ont
effectué une visite au CEA seulement [Hazard Ratio (HR) =0.68, IC 95% 0.53-0.86] ou avec
un SMS (HR=0.43, IC 95% 0.34-0.53) ont eu un risque instantané¢ moins élevé d’une visite a
I’urgence subséquente. Une visite au SMS seule n’a pas d’effet statistiquement significatif.

Conclusion: Dans une cohorte d’enfants référés au CEA suite a une visite a ['urgence pour
I’asthme, le fait de recevoir I’éducation sur 1’asthme avec ou sans suivi spécialisé est associé¢ a

une protection contre une visite subséquente a 1’urgence.

Mots-clés : asthme, enfants, enseignement, suivi médical spécialis¢, spécialiste



Abstract

Background: Randomized controlled trials have shown that asthma education alone or in
combination with medical review reduces the risk of subsequent emergency department (ED)
visits. Nevertheless, asthma education and specialized care often provided in different settings,

which increases the implementation burden in clinical practice.

Objectives: In children referred to the Asthma Education Centre (AEC) following an ED visit
for asthma, the primary objective was to evaluate the real-life individual and combined impact
of an AEC visit and specialized asthma care (SAC) visit on a subsequent ED visit for asthma

over the following year.

Methods: Retrospective cohort study of children referred to the AEC in the year following an
ED visit for asthma. The time to subsequent ED visit for asthma was analyzed by a Cox

proportional hazards model with time-varying exposures (AEC and SAC).

Results: Compared to the children who did not receive any of the exposures, those who had
exposure to AEC alone [Hazard Ratio (HR) =0.68, CI 95% 0.53-0.86] or with SAC (HR=0.43,
CI 95% 0.34-0.53) had a decreased risk of an earlier subsequent ED visit. Exposure to SAC

alone did not have a statistically significant effect on a subsequent asthma visit for asthma

Conclusion: In a cohort of children referred to the AEC following an ED visit for asthma,
receiving asthma education with or without specialized care was associated with protection

against a subsequent ED visit for asthma.

Keywords: asthma, children, education, specialized care, specialist
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Introduction

Asthma is a major public health problem. In Canada, it affected 3.8 million individuals
in 2011-2012." Moreover, it is the most common pediatric chronic disease, affecting 15% of
Canadian children (0-19 years) in 2013-2014.> Asthmatic children experience greater
morbidity than adults in terms of emergency department visits and hospital admissions.
Indeed, the rates of ED visits are 3.5 times higher in children than in adults® and asthma is the
main cause of hospitalizations in children.* Of note, preschoolers (children of age 0 to 4 years)
experience the highest rates of ED visits and the larger peak in ED visits in the month of
September among children.” A greater difficulty or hesitation to establish an objective asthma
diagnosis and thus to initiate long-term therapy in this age group may contribute to these

statistics.’

Asthma is associated with an important economic burden both at the healthcare system
and the patient levels; it causes impairment in the quality of life of children and their family,
limitation of physical activity, and can even cause death.” The direct and indirect costs for the
Canadian healthcare system were $2.2 billion in 2010 and are estimated to increase to $4.2
billion by 2030.* A large part of these costs are due to emergency department visits for
asthma, which signal poor asthma control and could be prevented with an appropriate
management of the disease. Nevertheless, physicians, particularly in the emergency
department, are often reluctant to make a diagnosis of asthma for ‘asthma-like symptoms’ and

to initiate long-term therapy, which can delay adequate asthma management.

National and international asthma guidelines recommend guided self-management for
all affected patients.®”'® Guided self-management includes asthma education, a written action
plan, self-monitoring and regular medical follow-up.'® Asthma education serves to explain the
disease, the role of medications and environmental control, and to teach the required self-
management skills. Medical follow-up serves to accurately make a diagnosis, assess asthma
control and co-morbidities in the patient, provide a personalized written action plan including
an appropriate asthma controller prescription, when indicated. A 2009 Cochrane review of
pediatric randomized controlled trials showed that asthma education alone (or with medical

follow-up and other self-management components) decreased the risk of subsequent ED visits



in children presenting to the ED for asthma.'' Moreover, previous studies have shown that
asthma specialists are more likely to adhere to guidelines’ recommendations than

generalists.'>"

There is a systematic referral program of hospitalized asthmatic children to the Asthma
Education Centre (AEC) in Quebec since 1994. However no standardized referral criteria to
AEC and specialized asthma care exist for children presenting to the ED with an
asthma/asthma-like diagnosis. Moreover, in real-life, asthma education and specialized care
are often provided in different settings, at different times and by different providers, increasing
the implementation burden and potentially interfering with uptake and challenging their

effectiveness.

Therefore, the objective of this thesis was to examine the individual and combined
real-life impact of a visit to the Asthma Education Centre (AEC) and a visit to specialized
asthma care (SAC) on a subsequent ED visit for asthma in children referred to the AEC
following an ED visit. Moreover, we aimed to evaluate the individual and combined impact of
AEC and SAC on subsequent asthma control, short-acting beta-agonist use and oral
corticosteroid use. Since the benefits of AEC and SAC are likely mediated by improvements
in controller medication use, we also explore the individual and combined impact of these

services on subsequent adherence to inhaled corticosteroids.



Chapter 1: Literature review

1.1 Asthma definition

Asthma is a chronic inflammatory disease of the respiratory airways, characterised by
signs of airway obstruction, reversibility of these signs, and a history of recurrent symptoms
varying in intensity and frequency, including cough, dyspnea, chest tightness, breathlessness,
wheezing, and sputum production.”'® Asthma symptoms respond to bronchodilator anti-
inflammatory therapy and can be triggered or exacerbated by exercise, respiratory infections,

allergens, irritants, and change of weather.'

Asthma usually starts in early childhood, arising from the interplay of genetics (genetic
predisposition, epigenetic modulation),'* environmental pollution, family history of atopy, and

15,16

early-life viral respiratory infections. Recent studies also suggest that imbalances of gut

microbiota composition increase the risk of asthma incidence by interfering with immune

mechanisms.'>!’

Moreover, different phenotypes based on clinical, genetic, and molecular factors have
been proposed to describe the variability of the disease, with the hope of developing more

targeted treatments for the affected patients.'®

1.1.1 Asthma diagnosis in the clinical setting

Since asthma symptoms can also be present in other respiratory diseases, asthma
diagnosis should be confirmed by objective methods. Standard pulmonary function tests,
namely spirometry, can be performed in individuals of 6 years old and older to document
airway obstruction and reversibility.” Indeed, the 2012 Asthma Canadian guidelines
recommend pre- and post-bronchodilator spirometry showing reversible airway obstruction as
the preferred diagnostic method; peak expiratory flow (PEF) variability may be used as an
alternative method.” The definitive approach is a provocation test using methacholine or other

techniques such as exercise, cold air, hypertonic saline or a suspected offending agent.’



Establishing an asthma diagnosis in preschoolers is challenging primarily because of
the inability of young children to perform the forced expiratory manceuvre required for
spirometry. Alternative lung function tests are available but their diagnostic ability has not
been sufficiently demonstrated to be recommended;'’ in addition, the testing equipment and
expertise is available only in a few selected pediatric academic settings in Canada and abroad,
thus limiting their access. Moreover, bronchiolitis also presents with similar signs and
symptoms, usually in children less than 1 year of life. Indeed, more than 40% of infants

experience wheezing in their first year of life.”"!

One third of children aged 1-5 years suffer from asthma-like symptoms.** However,
the condition resolves by the age of 6 years in 60% of preschool wheezers.” The spontaneous
resolution has led to the popular notion that ‘preschool wheeze’ may be a separate entity from
asthma and bronchiolitis. Consequently, physicians (particularly emergency physicians)
hesitate to make a diagnosis of asthma in this age group,”* and instead, commonly use
alternative diagnosis such as wheezy bronchitis, happy wheezer, recurrent bronchiolitis,

. . . 6
bronchospasm or reactive airway disease.

Delay in asthma diagnosis leads to inappropriate and/or delayed disease management,
which puts children at greater risk of exacerbations. Indeed, in a Denmark qualitative study of
children aged 2-15 years, most had experienced asthma symptoms since their first year of
life. Yet, 30% of the participants had a delayed asthma diagnosis and 30% experienced more
than five hospital admissions for respiratory conditions before confirmation of asthma
diagnosis,” reflecting substantial morbidity that could be prevented with a timely

management.

Of importance, irreversible airway remodelling (permanent changes in airway wall
structure) contributes to impaired lung function and a decline in lung growth. It has been
documented within 2 years of the onset of symptoms in preschoolers.*®*” Although
controversial, airway remodelling is commonly attributed to an underlying chronic
inflammatory process.”® Impaired lung function at 6 years of age has been documented in a

2930 with the

substantial proportion of preschool wheezers in multiple birth cohort studies,
impairment being tracked until early and middle adulthood.’’ This is not trivial as a

statistically significant association has been described between lung function decline and



severe exacerbations in children and adults with persistent asthma, with inhaled corticosteroids
attenuating the decline.’> Moreover, children with lower lung function trajectories than their
normal counterparts are at increased likelihood of exhibiting chronic obstructive pulmonary
disease (COPD) in adulthood.” Whereas 40% of the lung function observed at 7 years appears
determined at birth, 60% occurs between birth and 6 years, raising the possible window of
opportunity to intervene in this age group.”* Perhaps, a timely diagnosis and appropriate
therapy could prevent airway remodelling and impaired lung growth, both being conditions

that do not respond to standard medication.”

In view of the unclear definition of asthma diagnosis in this age group,’® the Canadian
Thoracic Society and the Canadian Pediatric Society released a position paper in 2015 where
they offered a pragmatic asthma diagnosis algorithm for children aged 1-5 years old.° Briefly,
asthma diagnosis is based on documented signs of airflow obstruction, documented
reversibility of these signs in a child with recurrent (>= 2) asthma-like symptoms or
exacerbations, and no suspicion of an alternative diagnosis.® In the absence of documentation
by a health care professional, children with convincingly-reported signs of obstruction must
undergo a therapeutic 3-month trial with a moderate dose of ICS to confirm reversibility.® In
the absence of a clear improvement after therapy, the referral to an asthma specialist is
recommended.’ The position paper specifically recommended that asthma-like diagnoses
commonly used to depict asthma, such as wheezy bronchitis, happy wheezer, recurrent
bronchiolitis, bronchospasm or reactive airway disease must be abandoned in favour of
‘confirmed asthma’, ‘suspected asthma’ or an alternative diagnosis (bronchiolitis, upper

respiratory tract infections, etc.).’

1.1.2 Operational definitions of asthma diagnosis developed for

epidemiological studies

Population-based epidemiological studies are based on the combination of rich
information contained in administrative databases of medical services and pharmacy claims.
However, they lack subject-level information about patients, symptoms, and lung function
tests. In order to address this need, several validated algorithms for the diagnosis of asthma

based on health services and medication usage have been developed. Using a database from



primary care physician (PCP) practices, an asthma case definition consisting of one hospital
admission for asthma and/or two asthma physician visits occurring at least 14 days apart
within 2 consecutive years was developed for surveillance and research purposes in
Ontario.””® Compared with a chart review by an expert panel, this asthma case definition has
89% sensitivity and 72% specificity in children aged 0-17 years® and a 84% sensitivity and
77% specificity in the adult population.”” The same definition was validated in a sample of
children aged 9-12 years in Toronto schools, with a sensitivity of 88% and a specificity of
64% compared with a clinical diagnosis of asthma, as per physician assessment (pediatric
respirologist or pediatric allergist), spirometry, methacholine challenge, exhaled nitric oxide
and allergy skin testing.”” In a Manitoba birth cohort study, multiple algorithms were
developed for asthma diagnosis using medication usage in addition to health services. For
example, a definition based on one asthma hospital admission or two physician visits for
asthma or any two asthma prescription medications was found to be 67% sensitive and 92%
specific, as compared to a pediatric allergist diagnosis asthma in the following year.*" The
latter algorithms were not validated in another sample or in another population. Differences in
the validity scores of the case definitions of Ontario and Manitoba could be reflective of the
different sources of databases, gold standards used as a reference, and the context in which the
studies took place. Since sensitivity is more important than specificity in studies looking to

identify all asthmatic patients,*"**

the case definition developed in Ontario is more suitable for
studies requiring a validated asthma definition for cohort selection. Therefore, this is the

definition that will be used in the present study.

1.2 Epidemiology

In 2002-2003, a cross-sectional survey of 70 countries by the World Health
Organization reported that 301 million individuals aged 18-45 years had a doctor-diagnosed
asthma, with prevalence rates ranging from 0.2% in China to 21% in Australia.” In the
International Study of Asthma and Allergies in Childhood (ISAAC) Phase Three of 98
countries (2000-2003), 100,967 children aged 13-14 years and 36,474 children of 6-7 years

reported having been diagnosed with asthma ever, with the highest prevalence in Oceania.**



Demographic patient characteristics, such as gender, age, ethnicity, and socioeconomic
status, also affect asthma prevalence and morbidity. Asthma prevalence is higher in boys than
in girls (18% vs. 13%, respectively) and the trend is reversed in adults (11% in women vs. 8%
in men),” whereas asthma hospital admissions are also common in women.** These
observations are likely explained by hormonal changes, gender-specific genetics, and

7% In children, asthma is the most common chronic disease and among

environmental factors.
the ten leading causes of years lived with disability.*’ Furthermore, children experience higher
asthma-related morbidity than adults. Children have higher asthma-related hospital admission
rates (1.4 times)*" and higher ED visit rates (3.5 times), compared to adults.” Among children,
those aged 0-4 years old are the group with the highest risk of asthma-related ED visits,
followed by children 5-9 years old.> Moreover ethnic minorities, such as Puerto Ricans and
African Americans, exhibit the highest asthma prevalence and morbidity in the United States;
which has been associated to genetic risk factors, exposure to smoke, lower income, and

psychological factors.”'?

Furthermore, the protective effects of living above the poverty line
may be greater in white than in black children, reflecting higher societal and structural barriers
experienced by black families.”> Of note, the prevalence of wheezing is higher in Inuit
children aged 0 to 4 years old than in those from Southern Quebec of the same age,”* which is
possibly related to housing and environmental factors that increase the risk of respiratory
disease (overcrowding, inadequate ventilation and high smoke exposure).”

The most frequent triggers of asthma in children include respiratory tract infections

56,57

(e.g., cold, bronchitis, otitis, pneumonia), allergens (e.g., pollen, animals, pets, dust),”® and

% molds®"). Of note, 17% of prevalent

irritants (e.g., cigarette smoke> and air pollution,’
asthma in children aged 6 months to 12 years old in Montreal have been attributed to exposure
to excessive humidity and molds, which are also risk factors (attributable risk=13%) for
current uncontrolled asthma and current severe asthma.’’ Asthmatic children exposed to
allergens, including cockroach, pollen and dust mite, are more likely to experience asthma
admissions than those not exposed.”” Yet, polymerase chain reaction (PCR)-based studies

report that respiratory viruses are present in more than 50% of pediatric asthma-related

exacerbations.®



There are also seasonal patterns of asthma exacerbations, with the highest peak in the
early fall in children and in the winter in adults.®* In children, the September peak timing
coincides with the return to school in the Northern Hemisphere and is closely associated with
upper respiratory tract infections, which present in 62% of asthma-related emergency visits.®’
The September epidemic has been described in preschoolers and children aged 5-9 years old,
who experience the highest peaks in ED visits in September than all other months, with rates
of 18.35/1000 and 8.11/1000, respectively, followed by those aged 10-14 years with rates of
3.34/1000.°

Asthma is an important cause of school absenteeism, affecting 59% of asthmatic
children® and accounting for 14.4 million missed school days annually in the United States.”’
Moreover, parents of school-age children with poorly controlled asthma miss 1.2 to 1.8 times
more work days than parents of school-age children without asthma.®® The impact of

uncontrolled asthma in childhood is thus seizable.

1.3 Asthma control

Asthma control has been frequently linked to medication non-use or non-adherence;
however, there are difficult-to-control patients who experience ongoing bothersome symptoms
interfering with their daily activities despite adequate controller therapy.”” These daily
activities include feeding, sleep, sports, and play.'® Moreover, asthma control can be improved

spontaneously, or by changes in the environment and avoidance of triggers.

1.3.1 Clinical definition

Global Initiative for Asthma (GINA) guidelines define asthma control as the degree to
which asthma manifestations are observed, comprising two domains that should be evaluated
separately: symptom control and risk of future adverse events.'” GINA guidelines also provide
a tool for the assessment of asthma symptom control and the risk of poor asthma outcomes.
Asthma symptoms assessed in the four previous weeks include daytime symptoms more than
twice per week, night waking, reliever needed for symptoms more than twice per week and
activity limitation. Patients well controlled with respect to symptoms do not have this

frequency of symptoms. Risk factors for adverse events (e.g., asthma exacerbations) include



high short-acting f2-agonists (SABA) use, inadequate inhaled corticosteroids (ICS) use, low
forced expiratory volume in the first second (FEV)), allergen or smoke exposure,
comorbidities, sputum or blood eosinophilia, higher bronchodilator reversibility, and
significant psychological or socioeconomic issues. Patients having at least one of these risk

factors are considered uncontrolled in this domain. '

According to the 2012 Canadian Asthma guidelines, children and adults are considered
to have an appropriate asthma control if they experience diurnal symptoms less than 4 days
per week, nocturnal symptoms less than one night per week, no interference in physical
activity, no school/work absences, less than 4 doses per week of short-acting beta-agonists,
FEV, or peak expiratory flow (PEF) 90% or higher of personal best and up to 15% PEF
diurnal variation) and infrequent or no exacerbations (no asthma-related emergency visits nor

hospital admissions).”

Previous studies have shown that good asthma control is associated with a reduction in
asthma-related unscheduled health care utilization,”® and reductions in the patient’s perception
of asthma burden and improvement in the quality of life,”" both of which attest to the
importance of achieving and maintaining an appropriate asthma control. On the other hand,
parents of poorly controlled asthmatic children tend to overestimate their child’s asthma
control”” and to express higher concern about asthma medication side effects.”” These
observations suggest that there is still work to do concerning asthma education to empower

patients to effectively manage their disease.

1.3.2 Pharmacoepidemiologic measures of asthma control

Multiple instruments based on symptoms, reliever medication use, and exacerbations
have been developed to facilitate the assessment of asthma control in the clinical setting,
including Asthma Control Questionnaire, Asthma Control Test and Childhood Asthma
Control Test.'” However, health administrative databases used for population-level studies

usually lack clinical information about symptoms.

To address this issue, pharmacoepidemiologic indexes based on health care utilization
and rescue medication usage have been developed and validated to monitor asthma control in

adults”* and children.” Of interest, the Pharmacoepidemiologic Pediatric Asthma Control



Index (PPACI), which is based on criteria from the 2012 Canadian asthma guidelines, is the
only pediatric asthma control index solely based on information obtained from healthcare

databases.”

1.3.3 Epidemiology of asthma control

Poor asthma control remains a problem worldwide. Despite the dissemination of
asthma guidelines and advances in asthma care, no improvement in asthma control has been
observed in the last 20 years. Among Canadians living with asthma, 53% to 59% of adults’"’®
and 69 to 75% of children’”"® exhibit poor asthma control. In a 2014 survey of 11 European
countries, 45% of adults 18-50 years old had uncontrolled asthma’ and in the 2006-2010
Asthma Call-back Survey in the United States, inappropriate asthma control was reported in
50% of adults and 38% of children.* The discrepancy in the prevalence of patients with poor
asthma control reported in these studies possibly reflects the distinct methodologies used (e.g.
asthma control criteria to classify control) and differences in the access to healthcare services

in the countries.

1.3.4 An asthma emergency department visit as a marker of poor asthma

control

Since asthma control is a large concept, many studies focus on markers of asthma
control. An asthma exacerbation requiring an emergency visit generally reflects poor asthma
control and is an important risk factor for a subsequent asthma emergency visit in the
subsequent year.®' Thus, children who experience asthma emergency visits should be targeted
for optimal management. In the 2016-2017 fiscal year, there were approximately 62,180
emergency visits with an asthma diagnosis in Canada and 77.7% of these visits had a triage
level of urgent, emergent or resuscitation,* which attests to the severity of asthma-related
exacerbations. Recurrent emergency visits are often related to lack of continuity of care,**
which results in fragmented care and conflicting care plans.® Indeed, a 10% increase in access
to a primary care provider is associated with a 32% decrease in the likelihood of emergency

admissions for asthma.®® Nevertheless, only 57% of children report having a routine medical

visit prior to an asthma-related emergency visit,"’ highlighting the importance of ensuring
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continuity of care, particularly following an acute care visit, to ensure the appropriate

management of the disease of high-risk children.

1.4 Asthma management

Due to the chronic nature of asthma, the goal of asthma management is to help patients
attain and maintain an appropriate asthma control, thereby reducing the risk of future

exacerbations.”!'°

Since 1996, the Canadian Asthma Consensus publishes clinical practice guidelines for
the diagnosis and management of asthma, with the purpose of providing health care
professionals with evidence-based recommendations for the best standards of asthma care. The
most recent general version of the Canadian Asthma guidelines for patients 6 years of age and
older was published in 2012.° Moreover, Canadian guidelines for the diagnosis and
management of asthma in preschoolers® and for severe asthma® were published in 2015 and
2017, respectively. At the international level, the Global Initiative on Asthma (GINA)

publishes asthma guidelines annually since 1993.

1.4.1 Components of guided self-management

Canadian and GINA asthma guidelines highlight the importance of guided self-
management, which refers to empowering patients by teaching them how to effectively and
actively manage their disease. Optimal guided asthma self-management comprises asthma

education, written action plan, self-monitoring and regular medical review.”"

The purpose of asthma education is to enable patients to better recognize the signs and
symptoms of the disease, learn how to self-monitor, and understand the management of their
disease and exacerbations. Self-monitoring involves regular self-assessment by the patient. A
written action plan contains personalized instructions to maintain asthma control, when and
how to adjust reliever and controller therapy in response to acute loss of asthma control, and
when to seek urgent medical care. Regular medical review is necessary to periodically

evaluate asthma control and adjust therapy, if necessary.
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Monitoring asthma control at each medical follow-up visit is a key recommendation of
the Canadian Asthma Guidelines and should guide physicians to make appropriate
management decisions to maintain or achieve control.” Indeed, regular physician assessment

. . . . . . . 89
of asthma control and medications is associated with improvements in asthma control.

Moreover, patients are encouraged to take an active role in asthma control assessment
by documenting changes to the frequency and severity of their symptoms® or by using a
written asthma action plan.”® Optimal asthma control is more likely to be achieved by having

physicians working together with patients.
1.4.2 Pharmacotherapy

1.4.2.1 Types of asthma medications

Canadian and GINA asthma guidelines recommend a stepwise approach to asthma
therapy. Controller medications are the maintenance treatment, they target airway
inflammation’ and have been shown to prevent exacerbations and lung function decline in

1

school-age children.”! Controller medications include ICS, leukotriene receptor agonists
g Y g

(LTRA), ICS in combination with long acting beta-2 agonist (ICS/LABA) and ICS-LTRA.’

Reliever medications are used for quick-relief of asthma symptoms during
exacerbations. Reliever medications include short-acting betay-agonists (SABA)’ and oral
corticosteroids (OCS), which are used in the emergency department for severe exacerbations.
Additionally, children 12 years and older using ICS-LABA as a controller, may use this

medication as a reliever if the LABA is formoterol.

1.4.2.2 Pharmacological management for children of 6 years old and older’

Long-term monotherapy is the first step for patients with persistent symptoms or
episodic exacerbations; usually ICS or as second line, LTRA. For the next steps, the
recommendations are specific to the age groups. In children 6-11 years old, the next phase is
increasing the ICS dose to moderate dose and if control is not achieved, it is recommended to
adjunct therapy to ICS, either with LABA or LTRA. For all patients that escalate to medium

dose of ICS to improve asthma control, the dose should be reduced to the lowest effective
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dose once adequate asthma control is reached.’ In children aged 12 years and older, the second
step is adding LABA as adjunct therapy to ICS and the third step is including LTRA as
adjunct therapy to ICS.

1.4.2.3 Pharmacological management for children of 5 years old and younger

The following treatment recommendations are based on symptom severity in asthmatic

children aged 1 to 5 years (Table 1).

Table 1. Treatment recommendations for preschoolers with asthma®

Mild  intermittent | -Symptoms occurring < 8 days/month | SABA as-needed
symptoms OT' | _Mild exacerbations lasting hours to
exacerbations

days, that don’t require rescue oral
corticosteroids or hospital admission

Persistent symptoms
or moderate to
severe exacerbations

-Symptoms occurring > 8 days/month,
requiring use of SABA, with > 1 night
awakening due to symptoms/month,
any exercise limitation/month or any
interference with usual activities

-Daily low dose ICS with as-
needed SABA

-If asthma remains
uncontrolled, medium dose

ICS and if unsatisfactory
- Exacerbations requiring rescue oral | response, referral to an
corticosteroids or hospital admission asthma specialist are
recommended

Adapted from Ducharme FM, Dell SD, Radhakrishnan D, Grad RM, Watson WT, Yang CL,
Zelman M. Diagnosis and management of asthma in preschoolers: A Canadian Thoracic

Society and Canadian Pediatric Society position paper. Canadian Respiratory Journal 2015;
22(3): 135-143

1.4.2.4 Determinants of adherence to asthma controller medication

To account for the multifaceted nature of medication adherence, the WHO
recommended the following taxonomy of interrelated determinants of adherence: social and
economic factors, condition-related factors, health care team/health care system-related

factors, therapy-related factors, and patient-related factors.”> Previous studies have shown that
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93,94
7" and less-educated

children from socio-economically disadvantaged families (poor income
parents’”) have lower controller medication adherence than those from families with more
favorable socio-economic backgrounds. In a comprehensive taxonomy, our team identified
three main domains of barriers and facilitators that modulated adherence to asthma control
medication, namely those related to the: patient (cognition, motivation, attitudes and
preferences, practical implementation, and parental support); the patient-physician interaction
(communication and patient-physician relationship); and the health care system (resources and
services).”® We further established that patient's perception of the disease and the treatment

goals influenced asthma self-management behaviors related to environmental control, lifestyle

habits, and medication intake.”’

For example, patient-reported barriers to adherence include the fear of medication side

98,99

effects and the belief that asthma has resolved in the absence of symptoms.'” Another

barrier is low parental health literacy, which is associated with lower knowledge about

100192 and lower self-efficacy to manage their

appropriate medication and inhaler use,
children’s asthma.'” Of note, a previous randomized controlled trial showed that using a
shared decision-making electronic portal was associated with improvements in medication
adherence and parental communication with providers.'"* Barriers related to healthcare access
include long waiting times to access medical care,'” and issues related to medications access
include cost and lack of insurance.'® On the other hand, continuity of care and tailored asthma

education are facilitators of effective asthma management.'”

Given the importance of a patient-centered approach with shared decision-making%’107
and the fact that many factors are related to patients’ misconceptions about appropriate asthma

5

management,'” asthma education and regular follow-up are two strategies that could

contribute to enhance medication adherence.
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1.4.3 Asthma education

1.4.3.1 Definition

Asthma education allows patients to effectively manage their disease, by providing
them with a better understanding of the disease and the skills required to control their
symptoms and reduce the risk of future asthma exacerbations.'® Table 2 summarizes the key
topics commonly covered in asthma education sessions. Asthma education has traditionally
been provided in person, but in recent years the web, mobile apps and games are increasingly
being used to this end. Although technology based educational methods can address the access
barrier, they have not resulted in substantial improvements in clinical outcomes when used

108,109

alone, which suggests that they may be more beneficial when used to reinforce asthma

education provided in person. Asthma education has been associated with improvements in

. . . . . 11.11
medication adherence and reduction in subsequent exacerbations.'""'"°

Table 2. Components of asthma education

Asthma definition -Understand that asthma is a chronic disease that can be controlled'"!
-Self-monitoring of symptoms and if needed, peak flows''>
-Identification, avoidance and management of triggers' >

-Set goals for asthma management' "

Asthma control -Understand what constitutes good asthma control'*

110,11
-Self-assessment of asthma control!!%!!>

Medications -Understand the appropriate use of controller and reliever
medications'

-Appropriate technique of inhaler, chamber and spacer''*

Regular medical review | -Medical =~ review is  important,  especially  after an
: 112,114,11
exacerbation' 1%

-During medical review, the physician can assess asthma control and
determine the most appropriate treatment at the present moment’
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Written Action Plan - Individual recommendations to determine how to adjust treatment
when asthma control is inappropriate and when to seek doctor’s
help!'®

1.4.3.2 Context of the Asthma Education Centre (AEC) in Quebec

The Réseau québécois d’éducation en santé respiratoire (RQESR), previously named
the Réseau québécois de [’asthme et de la maladie pulmonaire obstructive chronique
(RQAM), was born in 1994 by the joint effort of the Quebec Lung Association, the Quebec
Ministry of Health and Social Services, partners from the pharmaceutical sector and Quebec
associations of asthmatics.'"”'* Since then, the RQESR has established 117 Asthma
Education Centres (AEC) within hospitals and CSSS (Health and Social Services Centres)
across the province of Quebec. Following a referral by a health professional, patients can
benefit from a free standardized asthma self-management education session offered by a
specialized asthma educator (a nurse or a respiratory therapist) at the AEC."*' Since 1994,
there is a systematic referral program to the AEC only for all children hospitalized for asthma

in Quebec.

1.4.4 Medical follow-up

Regular follow-up is a key recommendation of the asthma guidelines. Moreover, a
follow- up visit with the primary care physician is recommended in the 4 weeks following an
asthma exacerbation requiring an emergency visit, which signals a management failure.'** The
quality of the medical visit and continuity in care are two important aspects to reduce the risk
of subsequent asthma exacerbations. An effective follow-up visit should include the clinical
assessment of asthma control, asthma education, prescription of asthma controller medication
as per asthma guidelines and provision or review of a written action plan.'™''” Moreover, care
coordination strategies in the ED have been associated with improvements in follow-up in the

primary care setting.'>

In an comprehensive qualitative study to understand the physicians’ perspective

regarding the factors that influence the prescription of long-term asthma controller and the
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provision of written self-management plans for asthmatic patients, ten categories of barriers
and facilitators addressing three physician needs were identified: support physicians in
delivering optimal care (5 categories); assist patients with following recommendations (3

categories); and offer efficient services (2 categories).'**

Factors that influence the quality of medical care provided include the physician’s
knowledge of, agreement with, and self-efficacy to implement asthma guidelines’
recommendations.'*> Organizational factors that could contribute to physicians’ adherence to
guidelines recommendations are facilitated referrals to the AEC and specialized care and
easier access to spirometry.'*®

Importantly, patients followed by asthma specialist are more likely to receive

127,128 7

guideline-based care, reporting better use of asthma medication'*’ and less morbidity,"'
compared to children who do not receive such care. Indeed, decreased access to pediatric

asthma specialists is associated with hospital admissions.'*’

1.4.5 Context of the Asthma Education Centre (AEC) and the Asthma
Centre (AC) at the Montreal Children’s Hospital (MCH)

The Asthma Education Centre (AEC) of the MCH is part of the Quebec Respiratory
Health Education Network and is located inside the Asthma Centre (AC). At the AC,
asthmatic children with a referral can benefit from specialist care provided by pediatricians,
allergists and pediatric respirologists. During the medical visit, physicians confirm the asthma
diagnosis, assesses asthma control, establish a treatment plan and provide a written action
plan. They can also request allergy and pulmonary function testing (offered on site) or refer

them to the AEC.

1.5 Care gap between optimal asthma management and actual

practice

Despite the dissemination of asthma guidelines and the advances in asthma care,
efforts remain to be made to improve asthma control and address asthma care gaps. In Canada,

53% to 59% of asthmatic adults’’® and 69% to 75% of asthma children’”’® exhibit poorly
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controlled asthma. Successful implementation of asthma management guidelines’

recommendations faces barriers at the physician and patient levels.”"'** Asthma care gaps

.. . . . . . . 126.133
related to physicians include omission to provide personalized written action plan, =

4

underprescribing of asthma controller medication,””* low referral rate to asthma

. 126,135
education =

and infrequent asthma control assessment, which is related to insufficient
knowledge about asthma control criteria or lack of time."’"'*® Asthma care gaps related to
patients include insufficient knowledge about appropriate asthma management, underuse of
written action plan, low adherence to medication and non-pharmaceutical recommendations,

low attendance to asthma education and medical follow-up."""*®

Asthma education is recommended for all affected patients by national®” and GINA
guidelines,'® but less than 30% of children who visit the emergency department report having

87,90

receiving prior asthma education. Unfortunately, even if physicians recognize the

importance of asthma education, most report barriers for integrating it into their practice, such

110.190 5 nd insufficient training.105 Patients can

as lack of time,"’ organizational constraints,
also be unwilling to visit the AEC due to access constraints (i.e., limited hours of operation of
the AEC'*" or long waiting times to get an appointment'*?) or the belief that they do not
require an educational intervention.''® Moreover, asthma education providers should adapt the
asthma education content to the patients’ literacy levels since poor parental healthy literacy is
associated with lower asthma education knowledge,'”' and a two-fold higher likelihood of

uncontrolled asthma (OR: 2.66, 95% CI 1.55-4.56).'*

Although GINA guidelines highlight the importance of prompt medical follow-up after
an asthma exacerbation, only one third of asthmatic children have a follow-up visit within one

.. 144,145
month of an emergency visit for asthma. ™

This could be due to problems related to
healthcare access (i.e., difficulty in obtaining a doctor’s appointment, lack of access to

specialist care, patients’ perceptions that ED quality of care is better than primary care or

105 146

sufficient) and misconceptions about the need for treatment.”~ Moreover, only 36% * to
59%'*7 of children have visited an asthma specialist in the year following an asthma-related

hospital admission, an exacerbation that signals poor asthma control.

Furthermore, ICS adherence remains suboptimal, with rates ranging from 20%'*® to

30%'* in cohort studies of asthmatic children with a public drug plan. Even if they agree that
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ICS can prevent future exacerbations, less than 25% emergency physicians initiate a long-term
maintenance treatment for patients that they cannot follow-up, instead relying on primary care

physicians to prescribe controller medications.'”*"!

Nevertheless, prescribing patterns can
also be inadequate in primary care, with one third of asthmatic children inappropriately using
ICS only at the onset of symptoms as per their physician’s advice rather than daily as
recommended by guidelines.'”” Furthermore, infrequent inhaler technique review at follow-up

101,102

medical visits,'** and barriers related to health literacy result in up to 40% of children not

using their inhaler correctly.'”

The quality of care also remains to be improved, as less than 30% of asthmatic children
receive a written action plan"' and 35% of primary care physicians report being unaware or
forgetting to assess asthma control by using the Canadian and GINA guidelines.'*® Clearly,
asthma specialists are more likely to adhere to guidelines’ recommendations, being twice as
likely to provide a written action plan'> and 20%'> to 30%"> more likely to prescribe long term
controller medications as compared with general practitioners. Moreover, in children with an
asthma exacerbation treated with oral corticosteroids, those receiving primary care have higher
rates of ED visits compared to those followed in allergy/immunology/pulmonary clinics

within 30 days of the initial exacerbation.'*

As a consequence of delayed or inappropriate management after an asthma-related
emergency Visit, patients experience ongoing symptoms affecting their quality of life and
resulting in school and work absenteeism, more exacerbations requiring emergency visits and
hospital admissions, and even death.'”” Repeated emergency visits reflect poor asthma control
and should be prevented because they are associated with irreversible impaired lung

function.'®

Furthermore, asthma-related urgent healthcare use (hospital admissions,
unscheduled medical visits, emergency department visits, rescue drug treatment, and

ambulance rides) results in $162 million annual costs in Canada."’
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1.6 Characteristics of patients at high risk of a subsequent

emergency department visit

Even if all asthmatic patients could benefit from specialized follow-up and asthma
education, in the context of limited health resources, we should prioritize for referral those

who are at high risk of recurrent emergency visits since this signals poor asthma control.

An Ontario population-based birth cohort study reported that, among children who
were diagnosed with asthma before 6 years old, 18.4% of patients with persistent asthma had
emergency visits or hospital admissions in a 6-year follow-up period."”® Other studies have
reported 15% of children with persistent asthma experience a subsequent ED visit in the 6
months®” and among those hospitalized at the index ED visit, a third experience an ED/hospital

. . 81,159
admission relapse in the subsequent year.”

Risk factors associated with a subsequent ED visit in asthmatic children can be related
to the patient, to the index ED visit, or to medication. Table 3 includes a summary of 13
retrospective and prospective cohort studies on this topic published between 2003 and 2017,
most based on pediatric populations and two mixed-age studies that were stratified for

children.

1.6.1 Patient-related factors associated with a subsequent asthma

emergency department visit

For children presenting to the ED for asthma, previous asthma morbidity is the most
important predictor of a subsequent asthma emergency visit. Indeed, children who experience
at least one asthma emergency visit prior to the index ED visit are 6.27 times more likely to

have an asthma ED return visit in the subsequent six months,*” and two to three times more

81,144,160

likely to return to the ED in the 12 subsequent months. Furthermore, hospital

admissions prior to an index ED visit can increase the risk of a subsequent asthma ED visit by

162

1.5'%" times within 72 hours and by 3 times within 28 days.'®® Two studies used composite

measures of asthma exacerbation as outcome.'®!%

In the first study, prior asthma
exacerbations were associated with twice the risk of a severe asthma exacerbation (hospital

admissions or an ED visit or a prescription of systemic corticosteroid for asthma) in the
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subsequent year.'® In the second study, asthma-related acute care visits (ACVs) were defined
as either an ED visit, an urgent care centre visit or a hospital admission for asthma.'®* Of note,
this latter study reported that compared to no previous ACVs, the likelihood of a subsequent
exacerbation within the next 12 months increases with each previous ACV (adjusted OR=3.60,
95% CI 3.14-4.12 for 1 previous ACV; adjusted OR=7.14, 95% CI 5.81-8.77 for 2 previous
ACVs; and adjusted OR=11.89, 95% CI 8.95-15.80 for 3 previous ACVs)."**

Multiple retrospective and prospective cohort studies considered the effect of age, all
showing that young children were the group at the highest risk of a subsequent asthma ED

SLIA416L163.166 Tolomeo et al. (2009) reported that, among children of age 2-15 years,

Visit.
there was a 10% increase in risk of a subsequent ED visit for each year increase in age.®' Most
studies evaluated children from 2 years old, probably due to the difficulty in establishing a
firm asthma diagnosis in infants. Compared to children aged 8 to 12 years, those of age
between 2 and 7 years are 1.3 times more likely to have a subsequent ED visit within 72 hours
of the index ED visit."®" Other cohort studies showed that, compared to older children,
preschoolers were more likely to have an earlier ED return visit'** and 2.1 times as likely to
have a subsequent ED visit in the following year.'® A prospective cohort study reported
among children diagnosed with asthma or wheezing, those younger than 2 years old where

twice as likely to have an asthma ED relapse within 7 days of the index asthma ED visit

compared to those aged 2-18 years.'*

Furthermore, very poor asthma symptom control,'”’ low income,'® lower reading
levels,'® obesity'®” and races other than white' " are also associated with an increased risk of a
subsequent asthma exacerbation. Children whose parents have low literacy report higher rates
of asthma-related emergency visits (IRR=1.40, 95% CI 0.97-2.00), even after adjusting for
child age, household income, parental race, asthma knowledge, parental smoking, and asthma
severity.'”! Of note, psychosocial stress at the individual, parental and community level is

171-173 . . .
7173 BEnvironmental factors such as residential

associated to increased asthma morbidity.
proximity to traffic (OR=3.27, 95% CI 1.08- 9.89)'"* and secondhand smoke exposure
(OR=1.66, 95% CI 1.02-2.69)'" are associated with increased likelihood of asthma

emergency department visits and contribute to asthma disparities.'’®
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1.6.2 Index emergency department visit factors associated with a

subsequent asthma emergency department visit

Two studies reported that triage levels 1-2 (resuscitation, emergent) in the index
emergency department visit were associated with a subsequent asthma emergency department
visit [adjusted HR 1.67, 95% CI 1.54-1.80 when compared to triage level 4-5 (less urgent, non
urgent) and unadjusted OR 1.15 95% CI 1.01-1.31 when compared to triage level 3],

14411 The season of the index ED visit is also important, since children with an

respectively.
index asthma hospital admission during spring, summer or fall had an increased risk of having

a earlier subsequent asthma hospital admission than those who came in winter.'”’

In addition, with poor asthma controller medication adherence (controller-to-total
asthma medication ratio <0.5), the risk of a subsequent asthma emergency visit increases by
21% and the risk of a future hospital admission increases by 70%, as compared to a controller-

170 . . .
" In order to address the barrier to medication access, a

to-total asthma medication ratio > 0.5.
study tested the effect of systematic provision of a beta-agonist metered dose inhaler (MDI) to
asthmatic patients at ED discharge at no cost. This strategy was associated with a lower risk of
subsequent ED visits (adjusted OR=0.37, 95% CI 0.14-0.95), compared to the usual care

162
group.

Although the previous studies allowed a better understanding of the risk factors of
asthma ED recurrence in the pediatric population, there are still questions that remain to be
answered. Clearly, there would be a need to develop and validate a comprehensive tool to
identify children at high risk of recurrence in real-life clinical practice, which should guide
further management. The present study is not addressing such tool but is setting the basis for

further investigation in this area.

22



Table 3. Summary of studies about factors associated with a subsequent ED visit in asthmatic children

Section: Patient characteristics (previous morbidity, gender, age, socioeconomic level and asthma control)

To T, Wang C,
Dell S,
Fleming-

Carroll B,
Parkin P,

Scolnik D, et
al. (2008)%’

Asthma diagnosis was
determined by the ED
physician

Self-reported
asthma ED visits at
6-month follow-up

Prospective cohort study of
children with acute asthma
aged 2 to 17 years old visiting
the ED of a pediatric tertiary
hospital in Ontario (Canada)

Subtopic: Previous morbidity

Having ED visits in the 12 months prior to baseline was
highly associated with having repeat ED visits at 6
months post-ED discharge (adjusted OR: 6.27; 95% CI,
1.54-7.12)

Guttmann A,

An ED visit with asthma or
status  asthmaticus as a
primary diagnosis (ICD 10 J45
and J46) or as a secondary
diagnosis with a primary
diagnosis of wheeze, dyspnea,
cough, or respiratory failure

Unplanned asthma
return visits to any
ED within 72 hours
of the initial visit

Retrospective cohort study of
children 2- to 17-years old
who were seen for asthma in
an ED in Ontario (Canada)

Subtopic: Previous morbidity

A history of asthma admission is associated with an
increased risk of asthma ED return visits (adjusted OR:
1.4595% CI 1.21-1.72)

Subtopic: Gender

Boys had a slightly reduced risk of returning to the ED
for asthma (adjusted OR: 0.83; 95% CI 0.75-0.91)
Subtopic: Age

Compared with children 8 to 12, children of 2 to 7 were
more likely to return to the ED for asthma (adjusted OR:
1.28; 95% CI 1.13-1.46)

Zagorski B,
Austin PC,
Schull M,
Razzaq A, To
T, et al.
(2007)"*!

Li P, To T,
Guttmann, A.
(2012)"

1 hospitalization or 2 ED
visits for asthma within 2
years

Asthma ED return
visit in the 28 days
following the index
ED visit (ICD 10
J45)

Retrospective cohort study of
children aged 2-17 years with
prevalent asthma who visited
the ED of Ontario (Canada)
hospitals for asthma

Subtopic: Previous morbidity

-Asthma admissions in the 2 years prior to the index ED
visit (adjusted HR: 1.45, 95% CI 1.35-1.55)

-Asthma ED visits in the 2 years prior to the index ED
visit (adjusted HR: 2.03, 95% CI 1.91-2.14)

Subtopic: Age

Compared to children 2-5 years old:

-Those 6-9 years old had adjusted HR=0.83 95% CI 0.78-
0.89

-Those 10-13 years old had adjusted HR=0.76 95% CI
0.71-0.82

-Those 14-17 years old had adjusted HR=0.80 9% CI
0.74-0.87

Subtopic: socioeconomic level

Using 2006 Canada Census Neighbourhood income
quintile 5 (highest) as reference:

-Quintile 1 (adjusted HR= 1.23, 95% CI 1.13-1.33)
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-Quintile 2 adjusted HR=1.15, 95% CI 1.06-1.25
-Quintile 3 has adjusted HR=1.11, 95% CI 1.02-1.21
-Quintile 4 has adjusted HR=1.04, 95% C1 0.96-1.14

Hall AB, | An index ED visit with an | Rate of asthma ED | Retrospective cohort study of | Subtopic: Previous morbidity
Novotny A, | asthma dx (ICD-9: 493) visits /hospital | children 0-17 years old | Hospital admissions for asthma within the past 12 months
Bhisitkul DM, admissions  within | (United States) is associated with increased risk of asthma related
Melton J, 28 days of the index subsequent ED visits (OR=3.10, 95% CI 1.72-5.62)
Regan T, ED visit
Leckie M.
(2017)'¢
Engelkes M, Asthma cases were retrieved | A severe asthma | Retrospective cohort study of | Subtopic: Previous morbidity
Janssens HM, by an automated search on exacerbation in the | children 5-18 years old | Prior asthma exacerbations were associated with twice
de Ridder MA, | both International | year following the | (Netherlands) the risk of having a severe asthma exacerbation (RR=2.17
Sturkenboom Classification of Primary Care | index ED: IC 1.30-3.60)
MC, de Jongste | asthma codes hospitalization, ED
JC, Verhamme | (ICPC code, R96) and free | visit, or prescription
KM. (2016)'® | text that was relevant to | of systemic

asthma corticosteroids ~ for

at least 3 days, all
because of asthma.

Hanson JR, | A wvisit to an outpatient | Asthma-related Cohort study, but not | Subtopic: Previous morbidity
Lee BR, | primary care, allergy-asthma- | acute care visits | specified if retrospective or | The higher the number of previous ACV, the greater the
Williams DD, | immunology or pulmonology | (ACV): ED, urgent | prospective. Population | likelihood of a future ACV.
Murphy H, | clinic with an asthma | care centre or | consisted of children 3-17 | -1 ACV (adjusted OR=3.60, 95% CI 3.14-4.12)
Kennedy K, | diagnosis (ICD-9: 493) inpatient admission | years old (United States). | -2 ACV (adjusted OR=7.14, 95% CI 5.81-8.77)
DeLurgio  Sr with a primary | Analysis is based on visits, | -3 ACV (adjusted OR=11.89, 95% CI 8.95-15.80)
SA, et al diagnosis of asthma | rather than patients
(2016)'** (ICD-9 493).
To T, Cicutto | Physician-diagnosed mild to | Self-reported Prospective  cohort  study | Subtopic: Previous morbidity
L, Degani N, | moderate asthma asthma related ED | stratified for children (2-17 | In children, asthma ED visits in the last 6 months are a
McLimont S, visits years) and adults from | predictor of asthma ED visit at 12-month follow-up in
Beyene J. primary practices of Ontario | children (adjusted OR=3.23, 95% CI 1.45-7.15)
(2008)'%° (Canada)
Tolomeo  C, | Hospital admission with a | Asthma related ED | Retrospective cohort study of | Subtopic: Previous morbidity
Savrin C, | primary diagnosis of asthma visit children aged 2-15 years | Subjects with a previous asthma-related
Heinzer M, (United States) emergency department visit were more likely to
Bazzy-Asaad experience a subsequent asthma-related emergency
A. (2009)*! department visit (adjusted OR=3.32, 95% CI = 1.39-

7.96).
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Subtopic: Age

For each year increase in age, the risk of a subsequent
asthma-related emergency department visit increased.
Adjusted RR=1.1, 95% CI = 0.998-1.170

Johnson LH,
Beck AF, Kahn
RS, Huang B,
Ryan PH,
Olano KK, et
al. (2017)'°

A hospitalization for asthma
(diagnosis  established by
physician) with provision of
oral steroids and b-agonists

ED visit with ICD-9
code for asthma
(493.XX) or wheeze
(786.07) within a
year, with albuterol
or systemic
Corticosteroids
administration/presc
ription at discharge

Prospective cohort study of
children 2-16 years old
admitted for asthma (United
States)

Subtopic: Age

Compared to children > 12 years old:

-Those of age 2-3 years old had unadjusted OR=2.07,
95% CI 1.17-3.64

-Those 4-11 years old had unadjusted OR=1.97, 95% CI
1.16-3.34

Subtopic: Socioeconomic level

Annual household income with <14999$ as reference:
15000-290008 non stat sig difference

30000-449998 non stat sig difference

45000-599998 non stat sig difference

60000-899993 unadjusted OR=0.55, 95% CI 0.31-0.98
>90000$ unadjusted OR=0.16, 95% CI 0.67-0.39

Walsh-Kelly
CM, Kelly KJ,
Drendel AL,
Grabowski L,
Kuhn EM.
(2008)'%

Physician diagnosed asthma

ED visits for acute
asthma  within 7
days of a prior visit

-Prospective cohort of
children with asthma and
wheezing (United States)

Subtopic: Age

Compared to 2-18 years old:

-Those younger than 2 years old had adjusted OR=2.00
95% 1.39-2.88

Rust G, Zhang
S, Reynolds J.
(2013)'7

An asthma (ICD-9 code: 493)
hospital admission or 2
outpatient visits

ED  visits and
hospital admissions
(ICD-9: 493) within
90 days after
ICS initiation

Retrospective cohort study of
children aged 5-12 years in
14 southern states using
Medicaid claims data (United
States)

Subtopic: Race

Compared to white,

-Black has adjusted OR: 1.12 (1.05-1.19)
-Hispanic has adjusted OR: 0.71 (0.65-0.78)
-Other race has adjusted OR: 1.21 (1.10-1.33)

Haselkorn T,
Fish JE, Zeiger
RS, Szefler SJ,
Miller DP,
Chipps BE, et
al. (2009)'¢

Physician diagnosed asthma

Self-reported
composite
exacerbation
measure

(a  hospitalization,
ED visit, or
corticosteroid burst)

Prospective cohort study of
children and adults followed
by an asthma specialist
(United States)

Subtopic: Asthma symptom control

Children who were consistently classified as having VPC
(very poorly controlled) asthma had more than a 6-fold
increased risk of an exacerbation (a hospitalization, ED
visit, or corticosteroid burst) (adjusted OR, 6.4; 95% CI,
1.18-34.5) compared with children who improved from
VPC asthma.

Section: Charac

teristics of the index ED visit

Guttmann A,
Zagorski B,

An ED visit with asthma or
status  asthmaticus as a

Unplanned asthma
return visits to any

Retrospective cohort study of
children 2 to 17-years who

Subtopic: triage level
Compared with patients with initial ED visit with triage
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primary diagnosis (ICD 10 J45
and J46) or as a secondary
diagnosis with a primary
diagnosis of wheeze, dyspnea,
cough, or respiratory failure

ED within 72 hours
of the initial visit

visited the ED of Ontario
(Canada) hospitals for asthma

level 3,

-Triage level 1-2 (unadjusted OR: 1.15, 95% CI1 1.01-
1.31)

- Triage level 4-5 (unadjusted OR: 0.75 95% CI 0.68-
0.83)

1 hospitalization or 2 ED
visits for asthma within 2
years

Asthma ED return
visit in the 28 days
following the index
ED visit (ICD 10
J45)

Retrospective cohort study of
children aged 2-17 years with
prevalent asthma who visited
the ED of Ontario (Canada)
for asthma

Subtopic: triage level

Compared with triage level 4-5 (less urgent, non urgent),
-Triage level 1-2 (resuscitation, emergent), adjusted HR:
1.67,95% CI 1.54-1.80

-Triage level 3 (urgent), adjusted HR: 1.28, 95% CI 1.19-
1.37

Austin PC,
Schull M,
Razzaq A, To
T, et al.
(2007)'"

Li P, To T,
Guttmann  A.
(2012)"#

Liu SY,
Pearlman DN.
(2009)"”7

An asthma hospital admission

Time to next asthma
hospital admission

Prospective cohort study of
children 0-18 years (United
States)

Subtopic: season

Season of index asthma hospital admission predicts time
to subsequent hospital readmission

Winter (reference)

Spring: HR=1.23 (0.94, 1.61)

Summer: HR=1.83 (1.31, 2.54)

Fall: HR=1.39 (1.07, 1.81)

Section: Medications

Hall AB,
Novotny A,
Bhisitkul DM,
Melton J,
Regan T,
Leckie M.
(2017)'¢

An index ED visit with an
asthma dx (ICD-9: 493)

Rate of asthma ED
visits/hospital
admissions ~ within
28 days of the index
ED visit

Retrospective cohort study of
children 0-17 years old
(United States)

Subtopic: Beta-agonist metered dose inhaler (MDI)
Beta-agonist metered dose inhaler (MDI) dispensed in
ED is associated with decreased risk of asthma related
subsequent ED visits (adjusted OR=0.37, 95% CI 0.14-
0.95)

Rust G, Zhang
S, Reynolds J.
(2013)'7

An asthma (ICD-9 code: 493)
hospital admission or 2
outpatient visits

ED  visits and
hospital admissions
(ICD-9: 493) within
90 days after
ICS initiation

Retrospective cohort study of
children aged 5-12 years in
14 southern states using
Medicaid claims data (United
States)

Subtopic: ICS

Compared to controller-to-total asthma medication ratio
of >=0.5, controller-to-total asthma medication ratio of <
0.5 (adjusted OR: 1.21, 95% CI 1.14-1.27)
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1.7 Emergency department-based interventions to prevent

subsequent emergency department visits

GINA asthma guidelines recommend prompt medical appointment following ED
discharge and addressing strategies to improve asthma management, including medications,
inhalation skills and a written action plan.'® Following an ED visit, the 2010 Canadian Asthma
Guidelines for 6 year old and older also recommend prompt review of maintenance therapy
and addressing the factors that resulted in poor asthma control.'”® Whereas patients should be
recommended a medical follow-up at least with their general practitioners for education and
management, it is still not clear who should be referred to the AEC, a specialized clinic or
both. Indeed, specific criteria for referral to asthma education and/or specialist care following
an ED visit are inconsistently mentioned, let alone harmonized, across guidelines. GINA
guidelines recommend targeting patients discharged from the emergency department or a
hospital admission to an asthma education program,'® while Canadian guidelines, although
they recommend asthma education for all affected patients, do not include any criteria for
referral to the AEC for preschoolers® or for children aged 6 years and older.”'”® GINA'® and

9,178
17 recommend

Canadian guidelines (for preschoolers® and children aged 6 years and older
referral to specialist care when there is failure to achieve proper control (i.e., asthma
exacerbations) despite good adherence to controller medications. Additionally, Canadian
guidelines have issued specific recommendation for when preschoolers should to be oriented
towards specialist care. Indeed, the 2015 Canadian guidelines for preschoolers recommend
that in children aged less than 6 years, an specialist referral should be considered if there is
diagnostic uncertainty, repeated (>2) exacerbations requiring rescue oral corticosteroids or
hospitalization or frequent symptoms (>8 days/month) despite moderate (200 pg to 250 pg)
daily doses of inhaled corticosteroids, a life-threatening event (e.g., an admission to the
intensive care unit), need for allergy testing or other considerations.’ Otherwise, in pediatrics,

referral to AEC, SAC or both services are based on the perception of needs of the emergency

physician or on the institution-specific clinical protocols.

In an effort to facilitate the management of the patients following an ED visit, several

ED interventions were tested in randomized controlled trials. Since a follow-up to a family
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physician is most frequently indicated, several randomized controlled trials have centered on
ED coordination strategies to ensure a prompt follow-up with the primary care provider.
Previous pediatric studies analyzed the impact of scheduling a primary care follow-up visit for
the patient,’”” combining an educational video in ED with mailed reminders to schedule a
follow-up'® and asthma coaching combined with a monetary incentive.'®' The first of these
strategies increased the likelihood of medical follow-up by 1.4 times'” while the others had
no impact of follow-up rates. None of the strategies was successful in reducing the number of
subsequent ED visits. Therefore, globally, these strategies had not been efficient to improve

follow-up rates nor subsequent health care outcomes.

Some RCT have focused on providing asthma education in the emergency department,
thus addressing the access barrier and taking advantage of the “teachable moment” where

182-184

patients may be more receptive. These studies found no statistically significant effect of

ED-based asthma education compared to usual care on the risk of subsequent ED visits, **'**
although an exploratory stratified analysis of one study reported a beneficial effect of ED-
based asthma education for the subgroup of patients with intermittent asthma symptoms
compared to usual care (OR=0.32, 95% CI 0.12-0.88)." A RCT showed that children
exposed to ED-based asthma education had improvements on controller medication
dispensing,'® attesting to the efficacy of the intervention on process outcomes. In accordance

to this, we decided to also explore the impact of the interventions on adherence to controller

medication in our study.

1.8 Impact of asthma education and/or specialized care following

an asthma ED visit

Table 4 includes a summary of a meta-analysis of asthma education provided in
different settings and timings and studies on interventions provided outside the ED (asthma

education alone, specialized care alone and both asthma education and specialized care).
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1.8.1 Impact of asthma education alone or as part of a comprehensive

management

Boyd et al.’s (2009) meta-analysis was based on 38 randomized controlled trials of
children 0-18 years old. It analyzed the impact of asthma education alone or in combination
with other self-management components (written action plan, self-monitoring of symptoms,
assessment of pharmacological treatment and of environmental triggers), initiated in the ED or
not, individual or in group, in different settings (hospital, clinic, community education centre,
home or school) and at different timings (early or delayed) following the index ED visit on
subsequent health care use.'' The baseline characteristics of patients varied among the RCTs,
with participants’ age ranging from 0 to 18 years old, with at least one emergency visit with or
without hospital admission within 12 months of study entry.'' There were beneficial effects of
asthma education on the risk of subsequent emergency visits (RR=0.73, 95% CI 0.65-0.81),
hospital admissions (RR=0.79, 95% CI 0.69-0.92) and unscheduled medical visits (RR=0.68,
95% CI 0.57-0.81)."" The authors also performed subgroup analyses to determine if the timing
of the intervention and the education content could influence the outcomes. Both early and
delayed educational interventions were associated with statistically significant reductions in
the risk of subsequent emergency visits (RR=0.76, 95% CI 0.67-0.86 and RR=0.60, 95% 0.45-
0.79, respectively). Moreover, comprehensive interventions (information, self monitoring and
action plan) were associated with RR=0.60, 95% CI 0.47-0.77, while interventions based on
information only were associated with no statistically significant effect. However, these results
should be interpreted with caution, because, due to the substantial heterogeneity remaining
within the subgroups, the authors could not make any conclusions from the subgroup analyses

regarding timing of intervention and education content.

After Boyd et al.’s (2009) meta-analysis of trials, 4 other RCTs'*'® examining the
impact of asthma education alone following an asthma ED visit were reviewed. Among them,
two studies reported that multiple sessions of asthma education (lasting from one month to two

months) were associated with reductions ranging from 38% in children aged 3 to 16 years

186

recruited from the ED'® to 48% in students from grade 9™ and 10™ with moderate to severe

188

persistent asthma recruited in schools ~ in the risk of subsequent asthma ED visits in the

subsequent year. '*>'*!®® Otsuki et al. (2009) reported a reduction in the risk of subsequent
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asthma ED visits only when asthma education was offered in conjunction with controller
medication adherence feedback from the physician.'® Although Indinnimeo et al. (2009)
reported no effects of two sessions of asthma education on subsequent emergency visits in
children 6-14 years with newly diagnosed intermittent or mild persistent asthma, the
intervention had beneficial effects on subsequent asthma attacks (1.65 + 1.21 in the
intervention group vs. 2.34 + 1.73 in the control group, p<0.05)."*” Indinnimeo et al. (2009)
concluded that asthma education might be more beneficial for patients with moderate to severe
asthma and in studies where patients were not followed by specialists.'®” Collectively, these
efficacy studies showed that long-term asthma education is associated with a reduction in the

risk of subsequent asthma ED visits as detailed in Table 4.

The retrospective cohort study of Gaudreau et al. (2014) explored the real-life impact
of the intensity of asthma education at the AEC on subsequent primary care and emergency

189 The authors of

visits in patients not recruited from the ED in Prince Edward Island, Canada.
this study did not specify whether asthma education was offered to the children alone, the
parents alone or both. In the year following AEC contact, children who received 2 AEC
sessions (adjusted RR=1.80, 95% CI 1.39-2.34) experienced greater reductions in subsequent
ED visits than those receiving 1 AEC session (adjusted RR=1.95, 95% CI 1.28-2.99)
compared to the children not referred to the AEC after adjustment for age, urban-rural
residence, year and season of contact with the AEC."®" Surprisingly, the children who received
asthma education remained at a higher risk of an ED visit than those not referred to the AEC
during the 3-year follow-up period,'® which may be due to a higher baseline morbidity of
patients referred to the AEC compared to those not referred to the AEC. Although it is likely
that there are subgroups of patients who would benefit more from the AEC intervention, no
subgroup analyses were performed in this study. This highlights the importance of selecting a
group of patients who have similar morbidity at baseline, which will be done in the present
study. Gaudreau et al. (2014) also highlighted the importance of developing standardized

criteria of referral to the AEC to encourage physicians to refer patients to this service.'™
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1.8.2 Impact of specialized asthma care

To our knowledge, only four published pediatric cohort studies focused on examining
the impact of specialist care alone following an asthma ED visit (mostly with hospital
admission) on subsequent asthma ED visits in children aged 2 to 18 years old;'**!*"13*1%% pg
RCT was identified, reflecting that further research is required in this topic. Two of the studies
reported a protective effect of specialist asthma care alone on the risk of a subsequent asthma
emergency visit over the next 12 months.'*”"** Aragona et al. (2014) reported that among
moderate-severe asthmatic children with one or more prior ED visits, those not seeing an
specialist within 3 months of the index admission were 6 times more likely to experience an
ED relapse compared to those receiving such care.'*’ In the study of McNamara et al. (2016),
children who received specialist care had lower rates of ED visits within 30 days of the index
asthma exacerbation than those who received primary care."”* Collectively, these studies
suggest that asthma specialist care is associated with a reduced risk of subsequent ED visits

only in patients at high risk of exacerbations.

1.8.3 Impact of asthma education in combination with specialized asthma

care

In the controlled trial of Kelly et al. (2000) involving 2-16 year old children with two
ED visits or one admission for asthma in the previous year, usual care was associated with a
40% increase in the risk of a subsequent ED visit over the 12 subsequent months compared to
a comprehensive asthma program (asthma education, a written action plan and allergist care)
in the first visit to the allergy clinic, with reinforcement at 1 and 6 months.'” The RCT of
Teach et al. (2006) reported that, in children recruited from the ED, an intervention combining
asthma education, specialist care and care coordination was associated with a 46% reduced
risk of a future ED visit in the next 6 months compared to receiving only an asthma
educational booklet at the index ED visit.'"”! Moreover, Snyder et al.’s (2017) cohort study of
patients recruited from a primary care network for at-risk, largely (95%) Medicaid children
reported that the beneficial effects of a comprehensive intervention composed of follow-up by
a pediatrician in combination with asthma education were sustained for 3 years after the

intervention, decreasing in the intervention group while increasing during the same period in
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the usual care group (p<0.001)."* Overall, these studies suggested that interventions
comprising asthma education and specialist care could provide protective effects against a

subsequent ED visit in children at high risk of relapse.
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Table 4. Summary of studies of the individual and combined effect of asthma education and specialized asthma care on

subsequent ED visits

Intervention: asthma education alone or in combination with other self-management components

Boyd M,
Lasserson TJ,
McKean MC,
Gibson PG,
Ducharme FM,
Haby M.
(2009)"!

-Children aged 0 to 18 years
-ED attendance for asthma in
the past 12 months

-Diagnosis of asthma: variable
across  studies  (physician
diagnosis or objective criteria
for asthma symptoms and
severity) s and necessarily
new asthma diagnosis

Risk
subsequent
asthma

of

emergency Visits,

hospital
admissions
unscheduled
medical visits

and

-Meta-analysis of 38 RCT
-Intervention was education
given at different settings (ED,
hospital, home or in
community), providers (nurse/
pharmacist, educator or health
or medical practitioner) and
formats

-Control group could be usual
care, waiting list or lower
intensity education

-There was a significantly reduced risk of subsequent
emergency department visits (RR 0.73, 95% CI 0.65 to
0.81, N = 3008) and hospital admissions (RR 0.79,
95% CI1 0.69 to 0.92, N = 4019) compared with control
group over the next 12 months*

*Most studies had a follow-up period of 12 months

Intervention: asthma education alone

Watson  WT,
Gillespie C,
Thomas N,
Filuk SE,
McColm J,

Piwniuk MP, et
al. (2009)'%

-Children aged 3 to 16 years
-Participants were recruited in
the ED

-Physician diagnosed asthma.

Asthma-related
ED visits

-RCT (United States)
-Intervention: 4 weekly group
meetings of 1.5 hours, including

interactive  group education
program, along with
personalized information and

facilitated by nurse and a
respiratory therapist. Patients
also  received  personalized
mailings that reinforced the key
educational messages at 2,4,6
and 12 months following the
index ED visit

-Control group: care by
primary care MD and booklet
with basic information on
asthma

- The level of attendance to the education program
varied among age groups (65% in the preschoolers,
80% in the school-aged children and 79% in
adolescents)

-Crude analysis: intervention group had a lower
likelihood of requiring emergency care. (RR 0.62, 95%
CI 0.48-0.81) in the subsequent year

-Adjusted analysis: not reported
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Otsuki M,
Eakin MN,
Rand CS, Butz
AM,
Zuckerman IH,
Ogborn J, et al.
(2009)'%¢

-Children aged 2-12 years

- Recruited in the ED

-Had 2 ED visits or 1
hospitalization for asthma in
the preceding year

-Were prescribed an asthma
controller medication
-Physician diagnosed asthma.

Asthma ED visits

-RCT of inner city children
(United States)

-AMF intervention: five 30-
to 45-minute home visits by

trained asthma educators
(AEs) 1, 2, 3, 4, and 8 weeks
after randomization

combined with medication
adherence feedback

-ABC intervention: Same
components as Intervention 1,
but  excluding  medication
adherence feedback

-Control group: usual care

-Of the participants assigned to AMF intervention or
ABC intervention, 67% completed all five visits. The
average number of visits completed for both groups
was four

-Crude analyses: not reported

-Adjusted analyses (adjusted for insurance type and
baseline level of ED visits): In the 18 months
following study entry, ED visits decreased faster for
the AMF group than for the control group (IRR=0.85,
95% CI  0.74-0.97). No statistically significant
difference in subsequent ED visits was found between
the ABC and the control group (IRR=0.92, 95% CI
0.81-1.06), nor between the AMF and the ABC groups
(IRR=0.92, 95% CI 0.81-1.05)

Indinnimeo L,
Bonci E, Capra
L, La Grutta S,
Monaco F,
Paravati F, et
al. (2009)"%

-Children aged 6 to 14 years
-Recruited from six specialist
pediatric clinics

-Newly physician diagnosed
intermittent or mild persistent
asthma

Asthma ED visits

-RCT (Italy)

-Participants had an average of
1.75 emergency visits in the
past year

-Intervention: specialist care in
pediatric clinic and a one hour
asthma self-management
education program given by
resident physicians and nurses
at baseline and 2 months later
-Control group: specialist care
in pediatric clinic

-Participation rates in the education program were not
reported

-Crude analysis: No significant difference in number
of emergency visits between the intervention and the
control group in the subsequent year. However there
were fewer asthma attacks in patients who received the
intervention (1.65 + 1.21 and 2.34 + 1.73; respectively,
p<0.05) compared to the control group in the
subsequent year

-Adjusted analysis: not reported

Bruzzese JM,
Sheares BJ,
Vincent EJ, Du
Y, Sadeghi H,
Levison MJ, et
al. (2011)"'®8

~Children of 9™ and 10™ grade
with moderate to severe
persistent asthma

-Recruited from five high
schools (enrolment took place
between 2001 and 2004)
-Physician diagnosed asthma

Asthma ED visits
and hospital
admissions

-RCT (United States)

- Children with mean age of 15
years, from high schools with
high proportions of Latino and
African American

-The intervention and the
control group reported an
average of 1.80 and 1.92 asthma
ED visits in the previous year,
respectively

-Intervention: During 8 weeks,
students received three school-
based 45- to 60- minute group
sessions, and individual
coaching sessions at least once

-Most participants (90%) attended all three group
sessions and 78% met four to six times individually
with a health educator;

-Crude analysis: not reported

-Adjusted analysis (adjusted for age, sex, race, asthma
severity and presence/absence of medical provider at
baseline): the intervention group had a reduced risk of
ED visits (adjusted RR=0.52, 95% CI 0.40-0.68
compared to the control group in the subsequent year
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per week for 5 weeks provided
by a health educator. The
intervention  also  included
academic detailing for their
medical providers.

-Control group: usual care

Intervention: sp

ecialized asthma care

Drewek R, | -Children aged 5-18 years Asthma (ICD10: | -Retrospective  cohort study | -Only 36% of the patients referred to pulmonology
Mirea L, Rao | -Presentation to the ED with | J45.901) (United States) attended their pulmonology follow-up
A, Touresian P, | or without admission for | readmission -Intervention:  pulmonology
Adelson PD. | asthma (ICD10: J45.901) follow-up consultation -Crude analysis: There were no differences in
(2016)"¢ between January 2014 and -Control group: no | readmission rates between patients who did and those
December 2016 pulmonology follow-up | who did not have a pulmonology follow-up (p=1.0)
-Duration of follow-up period consultation -Adjusted analysis: not reported
was not mentioned
Aragona E, | -Children older than 2 years | Asthma-related -Incomplete  study  design | -Overall, 75% of patients were referred to specialist
Wang J, | old ED visit description. Preliminary | care and 44% saw an asthma specialist within 12
Scheckelhoff -Cohort entry was during an results. months of discharge. One third of patients saw an
T, Hyacinthe | admission for an asthma -Retrospective  cohort study | asthma specialist within 3 months of discharge
A, Nino G, | exacerbation to an inner-city (United States)
Pillai KG. | tertiary children’s hospital -Mean age was 8.4 years -Crude analysis: not reported
(2014)"Y -Children were followed for -Patients with moderate-severe | -Adjusted analysis: Not seeing a specialist within 3
(abstract) 12 months following the index asthma and > 1 ED visit prior to | months of hospital discharge was associated with an
admission for asthma admission increased risk of having an asthma related ED visit
-Physician diagnosed asthma -Intervention: follow-up in a | (RR=6.2; p=0.017) in the 12 subsequent months
specialist clinic (ED based | compared to seeing a specialist
asthma clinic, pulmonary clinic
or allergy clinic) -To this date, this study remains unpublished
-Control group: no follow-up
in a specialist clinic
McNamara K, | -Children aged 6-21 years Rates of asthma | -Incomplete  study  design | -Crude analysis: Rates of ED visits within 30 days of
Stukus DR. | -Participants were recruited | ED visits description. Preliminary | the index asthma exacerbation were lower in the
(2016)154 from a tertiary care pediatric results. intervention group (4.58 visits/100 patients) compared
(abstract) hospital system database -Retrospective  cohort study | with those of the control group (7.18 visits/100
-Cohort entry was an asthma (United States) patients); p <0.01

exacerbation with a
prescription of oral
corticosteroids between

January 1 and December 31,

-Mean age was 6.9 years in the
control group and 7.2 years in
the intervention group

Intervention:  follow-up in

-Adjusted analysis: not reported

-To this date, this study remains unpublished
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2014
- Asthma diagnosis (ICD-9
493)
-Participants were followed

for 30 days following the
index asthma exacerbation

allergy/immunology/pulmonary
outpatient clinics

Control group: follow-up in
primary care

Johnson

LH,

Beck AF, Kahn
RS, Huang B,

Ryan

PH,

Olano KK, et
al. (2017)'°

-Children 2-16 years old
-Cohort entry was during a
hospitalization for asthma,
with provision of oral steroids
and beta-agonists between
August 2010 and October
2011

-Children were followed for
12 months following the index
admission for asthma
-Physician diagnosed asthma

Asthma (ICD-9:
493) ED visit
where albuterol or
systemic
corticosteroids
were administered
or prescribed at
discharge

-Prospective  population-based
cohort study (United States)
-Intervention: asthma
specialist as usual care
-Control group: primary care
as usual care

Overall as their source of usual care, 4.2% of children
reported having an asthma specialist, 44.5% had
primary care and 51.2% went to the ED

-Crude analysis: There was no difference in the
likelihood of a subsequent ED visit in the 12
subsequent months among the children followed in
primary care and those followed by an asthma
specialist (OR=0.77, 95% CI 0.32-1.85)

-Adjusted analysis: not reported

Intervention: Combined asthma education and specialized asthma care

Kelly CS, | -Children aged 2 to 16 years ED visits for | -Controlled clinical trial with | -Two children in the intervention group were lost to
Morrow AL, | -Two emergency visits or one | asthma alternate assignment of | follow-up, none in the control group
Shults J, Nakas | hospital admission with an participants to the exposure | -Crude analysis: not reported
N, Strope GL, | asthma diagnosis (as per groups (United States) -Adjusted analysis (adjusted for ED visits,
Adelman RD. | hospital records) in the -Intervention: individual | hospitalizations and hospital days for asthma in the
(2000)"° previous year asthma education by physician | previous year): The control group had a higher risk of

-Medicaid insurance coverage and nurse during the initial | a subsequent ED visit compared to the intervention

-Participants received primary allergy clinic visit (including a | group (RR=1.4, 95% CI 1.02-1.9).

care in the hospital’s written action plan), with

outpatient clinic follow-up visits at the allergy

-Children were enrolled in the clinic at 1 and 6 months where

intervention group in their asthma education was

initial visit to the allergy clinic reinforced

-Children were followed for -Control group: usual care

12 months
Teach SJ, | -Children aged 1-17 years Unscheduled -RCT (United States) -Overall, 71% of patients assigned to the intervention
Crain EF, | -Patients were recruited from | visits for asthma | -Most children (60%) were | group, attended their education session
Quint DM, | the ED from April 2002 and | (ED and other | preschoolers (1 to 5 years old) -The intervention group had a lower risk of subsequent
Hylan ML, | January 2004 sources of urgent | -92% of patients had at least 1 | ED visits (RR=0.54, 95% CI 0.40-0.72) than the
Joseph JG. | -Prior physician diagnosed | care) ED visit for asthma in the 12 | control group in the 6 months following the index ED
(2006)™" asthma previous months) visit

-Had >1 unscheduled 1 asthma

-Intervention: One visit to an
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visit (to the ED or other health
care source) in the 6 previous
months and/or > 1 hospital
admission in the previous year
-Three or more doses of
nebulized albuterol in the ED
at time of enrolment

-Patients were followed for 6
months

ED-based asthma clinic,
consisting 60 to 90 minutes
education session with action
plan, specialist care and care
coordination

-Control group:
educational booklet only

asthma

Snyder DA,
Thomas OW,
Gleeson  SP,
Stukus DR,
Jones LM,
Regan C, et al.
(2017)"**

-Children aged 2-18 years old

-Recruitment started in
December 2011
-Physician  diagnosis  of

asthma in the 24 previous
months

-Patients from a primary care
office
--Data  was
2012 to 2015

analyzed from

Rates of ED visits
with a primary
diagnosis of
asthma (493/J45) /
100 000 patients

-Prospective  cohort
(United States, 2012-2015)
-High risk population
-95% of patients was Medicaid
enrolled

-Intervention: specialist care
by pediatrician and asthma
education embedded in a
primary care office. Follow-up
appointments were
recommended at the following

study

intervals: well-controlled
intermittent asthma (at 6
months), well-controller

persistent asthma (at 3 months)
and poorly controlled asthma
(at 4 weeks)

-Control group: primary care

In 2012, asthma ED visits by intervention and control
groups were similar (p=0.43). After the intervention
implementation, asthma ED visit rates were
significantly lower for the patients who received the
intervention versus those who received primary care (p
< 0.001), declining in the intervention population by
26.2%, 25.2%, and 31.8% in 2013, 2014, and 2015,
respectively, from 2012 baseline, versus increases of
3.8%, 16.2%, and 9.5% in the usual care population

1.9 Summary of the literature review

The conceptual framework that will guide the present study was developed from the literature review findings (Figure 1).
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Figure 1. Conceptual framework of factors associated with pediatric asthma-related emergency visits
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*The factors in gray cannot be obtained from hospital and healthcare administrative databases
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Medical follow-up
-specialized asthma care
vs. other medical follow-up
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-Medication adherence
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Repeat
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of asthma triggers
-Self-monitoring of symptoms
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Collectively, randomized controlled trials confirm that ED-based interventions to
encourage primary care follow-up don’t have a significant impact on subsequent ED visits.
Generally, asthma education has beneficial effects when provided at the index ED visit or
within 12 months of an index ED visit to reduce subsequent ED visits and to improve the use
of controller medication. Cohort studies suggest that, compared to usual care, specialist care is
associated with a reduction in the risk of subsequent ED visit but only in selected patients with
a high morbidity, including those with moderate-severe asthma and those with an asthma
exacerbation requiring oral corticosteroids. Moreover, follow-up by an asthma specialist
appears to be associated with more beneficial health care outcomes than follow-up in primary
care for patients at high-risk of exacerbations. That is, those with persistent and uncontrolled
asthma or two or more previous ED or 1 previous hospital admission. Overall, comprehensive
care consisting of asthma education, specialist care and other self-management components
(i.e., written action plan or care coordination) was associated with a decrease in the risk of a

subsequent ED visit.

Since there are barriers to providing self-management interventions in the ED, most
ED physicians currently make referral to the service they deemed suitable for the child and
that will happen after the index ED visit. Yet, attendance rate is suboptimal in real-life, with
only 12%'” to 33%'** of children having a primary care follow-up visit within one to two
months of the index ED visit. Of note, at the Montreal Children’s Hospital, once referral was
sent to the AEC, the educator contacted the parents who had not made an appointment
promptly to try to organize one. This was perceived important as only two thirds of children
referred to the AEC following an ED visit tend to schedule an appointment,'** and 34%'* to
60%'*” of children referred to specialist care following a hospital admission receive such care

in the subsequent year.

However, dissociating the impact of asthma education from that of regular review by a
general practitioner or a specialist is difficult, as patients enrolled in the above-mentioned
studies may have received medical care from different sources during the follow-up period. To
our knowledge, no previous study has explored both the real-life individual and the combined
impact of asthma education and specialist care on subsequent morbidity in the pediatric

population.
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1.9.1 Efficacy vs. effectiveness studies

Efficacy randomized controlled trials allow the evaluation of the impact of
interventions under ideal experimental conditions, while effectiveness trials explore the real-
life impact of interventions. Efficacy trials can overestimate the effect of an intervention in

clinical practice.'”*

Indeed, the external validity of efficacy trials is limited by the strict
eligibility criteria used. Effectiveness trials or observational studies may have lower internal
validity than efficacy RCTs,'” but offer the advantage of selecting a group of patients more
representative of the heterogeneous real-life population'”® and allowing the pragmatic
evaluation of interventions that take place at different time intervals from study entry, just as
they take place in real-life. Randomized controlled trials are the gold standard, but can be
complemented by population-level observational studies'®” of patients who would benefit from

the intervention under study.

The proposed natural experiment study of patients identified as needing asthma
education following an ED visit (as per referral to the AEC), with or without attendance to
AEC appointment, would provide a unique opportunity to evaluate the individual and
combined real-life impact of asthma education at the AEC and specialized follow-up at the AC
on the occurrence of subsequent asthma emergency visits. Furthermore, the individual and
combined impact of the exposures of interest on other markers of poor asthma control and
medication adherence will also be analyzed. If the interventions are shown to be effective, the
next priority will be to operationalize referral criteria to AEC and/or SAC in children
presenting to the ED for asthma for standardization purposes and to develop strategies to
increase the attendance rates at these services. If the interventions are not effective in reducing
the risk of a subsequent ED visit in real-life conditions, the next priority will to identify better
referral criteria to AEC and SAC, and most importantly, to explore the reasons behind the
ineffectiveness of the interventions. Possible explanations could include not receiving the
interventions at the same time, suboptimal adherence of physicians to the guidelines’
recommendations (i.e., not an effective medical visit), variable asthma education, mixed
messages received, suboptimal patient adherence, etc. An ideal scenario would be providing
asthma education and specialist care on the same visit with similar messages to reinforce the

physician’s recommendations by the asthma educator.
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1.10 Analytical approach in observational longitudinal studies

1.10.1 Time-varying exposures

Unlike randomized controlled trials where patients assigned to the intervention group
receive the exposure of interest within a period of time chosen by the researchers, patients can
receive the interventions at different points in time in real-life. Therefore, it is important to
correctly assign patients to the exposure groups during the follow-up period to avoid reporting
biased estimates. Indeed, estimates are subject to immortal time bias when the time-varying
nature of exposure variables is not taken into account in the statistical analysis."”® Different
methods that take into account the time-dependent nature of variables are currently used,
ranging from using time-varying covariates to more complex approaches such as marginal

structure models and structural nested failure time models.'”’

Time-varying covariates are most commonly used because of their simplicity of
implementation in Poisson regression models and in Cox proportional hazard models.""
Furthermore, two approaches can be taken when using time-varying exposures: they can be
created for the entire follow-up period or only for interventions taking place during a critical
period. The latter approach implies investigating the impact of receiving the intervention
during time increments and determining the time period during which the intervention has the
most beneficial effects for the patients (“the critical period”). For example, the impact of
interventions received in 30-day increment periods (e.g., 30 days, 60 days, 90 days, etc.) can
be analyzed. In this thesis, the first approach will be explored, since it provides an overall

picture of the impact of the interventions that take place at any point during the follow-up

period.

1.10.2 Possibility of confounding by indication

Confounding by indication is likely to take place because severity and poor asthma
control are probably highly associated with a referral to asthma education and specialized
asthma care, prescription of, and adherence to, asthma controller medications. Admitted
patients (who are at high risk of returning to the hospital) are also be more likely to receive

asthma education than patients discharged from the ED due to Quebec’s systematic referral

41



program for hospitalized patients in application in the Montreal Children’s Hospital at the time
of the cohort accrual. The relationship between hospital admission and referral to asthma
education can thus result in unexpected and/or spurious results. Three approaches that are
commonly used to prevent confounding by indication are stratification, selection, and
adjustment. To address this concern, the latter two approaches were selected. Statistical
analyses of this thesis will be adjusted for prior morbidity indicators (number of
asthma/asthma emergency visits, asthma/asthma-like hospital admissions and in a subcohort,
asthma control in the preceding 6 to 12 months), and a cohort of at-risk patients will be
selected to minimize the confounding by indication bias. The variable “referral to asthma
education” is the only variable that was systematically documented in our databases and could
be used to select patients in need of the interventions of interest; therefore, it will be used to as

an inclusion criterion to select the cohort of at-risk patients.

1.10.3 Attrition

Attrition takes place when all the study participants do not have the same follow-up
period, since some of them are lost to follow-up. Attrition can cause a bias when there are
different rates of loss to follow-up in the exposure groups and when the characteristics of

200 11y this

participants changed as a result, rendering the exposure groups not comparable.
thesis, we will deal with attrition by excluding patients without provincial medical services
coverage for at least one year preceding and one year following the study entry. In this way,
we will ensure access to complete medical services use during the 1-year follow-up period for

all patients from the study cohort and therefore, no patients will be lost to follow-up.

1.10.4 Censoring

In the main analysis of the present thesis, administrative censoring will take place in
patients who do not experience the event of interest during the 1-year follow-up period. No
censoring due to lost to follow-up or withdrawal from the study will take place due to the
exclusion of patients without provincial medical services coverage for at least one year

preceding and one year following the study entry.
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1.10.5 Missing values

Different methods for handling missing values have been proposed in the literature.
The most practical method is a complete case analysis, which implies including only patients
with complete information in the analysis. The disadvantage of using this method is that some
data is lost if there is censoring prior to the end of follow-up or due to missing values. Other
more complex methods including maximum likelihood estimation, multiple imputation and
weighted estimating equations.””’ However, when a large proportion of the data is missing,
complete case analysis is not recommended.”’’ Therefore in this thesis, a complete case
analysis will be performed if there is little missing data. Multiple imputation methods will be

used if there is an important amount of missing values.
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Chapter 2: Objectives

In children referred to the Asthma Education Centre following an emergency
department (ED) visit for an acute asthma exacerbation, the objective of this thesis is to
evaluate the impact of asthma education received at the Montreal Children’s Hospital’s
Asthma Education Centre (AEC) and/or of a specialized asthma care (SAC) visit on asthma

morbidity in the subsequent 12 months in real-life practice.

2.1 Primary objective

To examine the impact of an AEC and/or a SAC visit (individually and in
combination) on the risk of an earlier subsequent asthma emergency visit in the 12 months
following an ED visit for an acute asthma or asthma-like exacerbation in children aged 0 to 17

years.

2.2 Secondary objectives

In the subcohort of patients covered by the public drug plan, to investigate the impact
of an AEC and/or a SAC visit, individually or in combination, after the index ED visit on

subsequent:
* Asthma control level
* Use of asthma rescue medication, that is, short-acting f2-agonists (SABA)
* Use of rescue oral corticosteroids (OCS) for asthma exacerbation

In the subcohort of patients covered by the public drug plan, to explore the impact of
an AEC and/or a SAC visit, individually or in combination, after the index ED visit on

subsequent adherence to inhaled corticosteroids
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Chapter 3: Methodology

3.1 Data sources

The study used data obtained from three hospital databases of Montreal Children’s
Hospital (MCH) and three Quebec health administrative databases.

3.1.1 Montreal Children’s Hospital (MCH) databases

The Emergency department (ED) database contains the information concerning all
the ED visits, irrespective of the physician’s payment scheme. For this study, we obtained data
on all respiratory-related ED visits (defined as a discharge diagnosis of ‘“asthma/reactive
airway disease”, “asthma and otitis”, “asthma and pneumonia”, “allergic rhinitis and asthma”,
“bronchiolitis”, “bronchitis” and ‘“bronchospasm’) occurring between 2000 and 2007.
Information included patient demographics (such as age, gender and residential postal code),
the date and time of arrival to, and disposition from, the emergency department, disposition

(discharge or hospital admission), the Canadian Triage and Acuity Scale level at presentation,

and the ‘in-house’ diagnostic code at discharge.

The Asthma Education Centre (AEC) database comprises documentation of all the
referral requests, the referral source (ED, hospitalization units, asthma clinic, community
physicians, or self-referral), the date of referral, the attendance code (presence, absence,

contacted but no answer) and the date of the educational visit.

The Asthma Centre (AC) database includes the date of the visit, the attendance code,
patients’ demographics, anthropometric measures, confirmation (or not) of asthma diagnosis
by a specialist, morbidity in the previous year, asthma control and severity, asthma symptoms
and triggers, atopic conditions, spirometry test results, physician treatment plan including

prescribed controller and rescue medication.

3.1.2 The Régie de ’assurance maladie du Québec (RAMQ) databases

RAMQ is Quebec’s universal health insurance agency, whose mission is to manage the

provincial’s public medical services health insurance and prescription drug insurance plans.*
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All Quebec’ residents benefit of free of charge medical services, including medical visits and
hospital admissions, and investigation under Quebec’s universal public health insurance plan.
In addition, RAMQ offers a public prescription drug insurance plan for beneficiaries of the
social assistance program,”” families of individuals who are not eligible for a private drug
insurance plan, and those aged 65 years and older; which represent approximately 44% of the
Quebec population.*” RAMQ databases have been validated for their usage in asthma studies
203200207208 and are widely used in medical research. Additionally, RAMQ provides files

containing the admissibility periods to the public health insurance and the prescription drug

insurance plans, described hereafter.

The Régie de I’assurance maladie (RAMQ) medical services database contains
information obtained from the claims of physicians who are remunerated for medical services
on a fee-for-service basis. Of note, between 2000 and 2009, 68% of generalists and 77% of

. g . . 209
specialists were remunerated on fee for service in Quebec.

More specifically, this database
includes the physician’s specialty, the type of establishment where the medical service was
performed (medical clinic, emergency department, hospital visit), the date of the service, and

the ICD-9 (International Classification of diseases) diagnostic code.

The Régie de I’assurance maladie (RAMQ) public prescription claims database
comprises information about the prescription medications dispensed by community
pharmacies to patients covered by the public drug insurance plan. It includes the type of
beneficiary, information about the prescribed medication (class of medication, the non-
proprietary name, form, dosage, amount, Drug Identification Number [DIN], duration of
prescription, cost), the type of prescription (new or refill), the dispensation date, the number of

allowed refills, and the physician’s specialty.

3.1.3 The Maintenance et Exploitation des Données pour I’Etude de la

Clientéle Hospitaliere (MED-ECHO) database

MED-ECHO is a database from the Quebec’s Ministry of Health and Social Services,
which contains information about hospital admissions and outpatient surgeries; it is used for
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the evaluation, planning and organization of the services.”~ This database contains the dates

of admission and discharge, the type of care provided (short term or long term), the type of
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admission (urgent, semi-urgent, non urgent), the length of the stay, the International
Classification of Diseases (ICD) 9th version of the primary and secondary (up to 16) discharge
diagnostic codes until March 31, 2006 and ICD-10th version ever since. Under Quebec’s

universal public healthcare system, all Quebec residents are covered for hospital admissions.

3.2 Ethical considerations

The Research Ethics Boards of Montreal Children’s Hospital and then of CHU Sainte-
Justine approved the study protocol (Appendix I). The authorization to access the
governmental health databases for this study was granted by the Commission d’accés a
I’information du Québec (file number: #080185), the provincial organization responsible for

the access to documents from the public sector and the protection of personal information.

3.3 Study design

A retrospective cohort study was performed by linking the three governmental health
administrative databases and the three MCH databases by using a unique patient identifier

number.

The cohort entry (index) visit corresponded to the emergency visit date on which the
child met all inclusion criteria. If the eligibility criteria were met on multiple emergency visits
during the study period, the earlier presentation date was chosen as the cohort entry (index)
visit. For the main outcome, patients were followed until their first subsequent ED visit or for
12 months following the index ED date (if they did not have a subsequent ED visit). The
secondary outcomes (OCS use, SABA use, and asthma control) and the exploratory outcome

(adherence to ICS) were documented over the 7" to 12™ months following the index ED visit.

3.4 Inclusion criteria

Children were eligible if they presented to the emergency department of the Montreal
Children’s Hospital between January 1st 2001 and December 31st 2006 with the following

criteria:

1) Aged0to 17 years
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2) Received discharge diagnosis of asthma (ICD-9: 493) or, if aged 1 year and over
(as per the 2015 Canadian Position Paper®) a discharge diagnosis of an asthma-
related condition, defined as acute bronchiolitis (ICD-9: 466.1), bronchospasm
(ICD-9: 519.1), acute bronchitis (ICD-9: 466.0) or bronchitis not specified as acute
or chronic (ICD-9: 490.9), as registered in the RAMQ medical services database.
For visits with a missing diagnostic code in the RAMQ database and for those not
recorded in the RAMQ database due to the physician not being remunerated by
fee-for-service, the corresponding hospital diagnostic codes were used (see
Appendix II)

3) Had medical services coverage in Quebec for at least 12 months preceding, and 12
months following, the index ED visit

4) Were referred to the AEC in the 12 months following the index ED visit

For the secondary and exploratory outcomes, full medication coverage for at least 12

months preceding and 12 months following the index ED visit was also required.
* Justification for inclusion criteria 2:

Of note, patients with an ‘asthma-like diagnosis’ were included as per the 2015
Canadian Position paper on the diagnosis and management of asthma in
preschoolers’ that listed common misnomers for asthma in young children
(“repeated bronchiolitis”, “bronchospasm”, “recurrent bronchitis) that should be
avoided and replaced with diagnosis of ’asthma’ or ‘suspected asthma in children
aged 1 year and older. We applied this approach due to lack of a standardized
approach to define asthma in preschoolers in place during the study period
(between 2000 and 2007). At that time, asthma-like diagnoses were commonly
used because of the previously perceived ambiguity in the role of an ED physician
in making an asthma diagnosis and initiating long-term controller treatment in an
ED setting. This was a role that was often delegated to the treating physician at
follow-up."”® Delayed diagnosis associated with delayed therapy, in combination

144,145

with low rates of medical follow-ups probably contributed to delayed

management and ongoing preventable morbidity.
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The selection of the asthma-like diagnostic codes was performed after (i) verifying
the concordance between asthma/asthma-like diagnostic codes in the RAMQ
database and asthma/asthma-like diagnosis in the hospital ED database (and vice-
versa) and (ii) the likelihood of having a subsequent medical visit with an asthma
diagnosis in the year following an ED visit. Based on these preliminary analyses
(see Appendix III), asthma-like diagnostic codes included ‘“‘acute bronchiolitis”,
“bronchospasm”, “acute bronchitis” and “bronchitis not specified as acute or

chronic” in children aged 1 year and over.
e Justification for inclusion criteria 4:

The last entry criterion was selected, as it is the only systematically documented
marker in our databases of the perceived need for specialized asthma education
(and probably specialized care) in the view of the ED physician. A referral was
required to attend an asthma education session at the AEC and to see a specialist.
Since there is no “referral to specialist” variable in the databases, only the “referral

to AEC” variable could be used to select high-risk patients.

3.5 Exclusion criteria

Patients were excluded if they had made a visit to the Montreal Children’s Hospital’s
Asthma Education Centre or Asthma Centre or to an asthma specialist (allergist or
respirologist) in the 12 months preceding the index ED visit; this was specified to ensure that

we selected patients naive to the interventions of interest.
3.6 Exposure variables

3.6.1 Asthma education

Patients were considered as ‘exposed’ to asthma education if they attended an AEC
session at the Montreal Children’s Hospital within 12 months of the index ED visit. Patients
were considered ‘exposed’ from the day of their first visit to the AEC until cohort exit. The

dates of AEC visits were documented in the AEC database.
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3.6.2 Specialized asthma care (SAC)

Patients were considered ‘exposed’ to a specialized asthma care if they made a
documented medical visit either to the Montreal Children’s Hospital’s Asthma Centre or to an
asthma specialist (allergist or respirologist) in the Province of Quebec, within 12 months of
the index ED visit. Patients were considered ‘exposed’ from the day of their SAC. The dates
of SAC visits were documented in the Asthma clinic database and/or in the RAMQ medical

services database.

3.6.3 Asthma education and specialized asthma care

If the patient made a documented visit to both the AEC and SAC during the follow-up
period, he/she was considered exposed to both from the day of the latest intervention

exposure.
3.7 Outcome variables

3.7.1 Main outcome

The main outcome variable was the time to the first subsequent ED visit (with or
without hospital admission) for asthma (ICD-9: 493) or (if the patient is 1 year of age or older)
for asthma or an asthma-related condition in the 12 months following the index ED visit.
Asthma related conditions were defined as: acute bronchiolitis (ICD-9: 466.1), bronchospasm
(ICD-9: 519.1), acute bronchitis (ICD-9: 466.0) or bronchitis not specified as acute or chronic
(ICD-9: 490.9). Patients were followed until the first subsequent ED visit, or for 12 months

following the index ED visit (if they didn’t experience a subsequent ED visit).

3.7.2 Secondary outcomes

Secondary outcomes included asthma control, use of short-acting beta-agonists
(SABA) and rescue oral corticosteroids (OCS) use. Taking into account the delay to access
asthma education and specialized asthma care in real-life, we considered a 182-day window (6
months) to access the intervention exposures. Secondary outcomes were measured from the

183" to the 365" day of follow-up (from the beginning of the 7" month to the end of the 12"
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month after the index ED visit). A 6-month observation period for these secondary outcomes
was appropriate as our indicator of asthma control (see below) is measured over a 6-month

period, which is also sufficient long for accurate ascertainment of SABA and OCS use.

3.7.2.1 Asthma control

Asthma control was measured by using the Pharmacoepidemiologic Pediatric Asthma
Control Index (PPACI), a validated 4-category index developed for use in administrative
health databases” (Table 5). The PPACI is based on the average weekly number of doses of
short-acting B2-agonists (SABA), prescriptions of short course oral corticosteroids (OCS)
with a duration of less than 14 days (the latter two from drug claims), ED visits and hospital
admissions for asthma (ICD-9: 493) and, in children aged >1 year, for asthma-like symptoms
(acute bronchiolitis [ICD-9: 466.1] acute bronchitis [ICD-9: 466.0], and bronchitis, not
specified as acute or chronic [ICD-9: 490.9]).”

For hospital admissions that took place from April 1, 2006, the corresponding ICD-10
codes were used for asthma [ICD-10: J45] and asthma-like symptoms (acute bronchiolitis
[ICD-10: J21], acute bronchitis [ICD-10: J20], and bronchitis, not specified as acute or chronic
[ICD-10: J40]). To ensure that the OCS were prescribed for the asthma symptoms, only the
prescriptions filled within 10 days of a medical service for asthma or asthma-like symptoms
were included. The average weekly number of SABA doses was calculated using an algorithm
developed by our research group, based on the quantity of dispensed medications where two
100 pg salbutamol inhalations from a metered-dose inhaler were considered equivalent to one
SABA dose.” We applied a modification to the calculation of PPACI, hereafter referred to as
modified PPACI, using a follow-back period of six, instead of twelve, months for the
calculation of the average weekly number of SABA doses. Preliminary analyses showed that
this modification overestimates the proportion of patients with controlled asthma by only 3%,
a reasonable adaptation to minimize the additional exclusions of children without drug
coverage over the 18 months prior to index ED visit, which would have resulted in the loss of

100 additional patients.
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Table 5. Definition of asthma control levels, as measured by the PPACI”

Controlled <4 SABA doses/week and no

OCS/ED/Hospital admission

Partly controlled >4 to <7 SABA doses/week and no

OCS/ED/Hospital admission

Poorly controlled (>7 SABA doses/week or =1 OCS of >1

ED) and no hospital admission

Very poorly controlled >1 Hospital admission

3.7.2.2 Use of short-acting beta-agonists (SABA)

The average weekly number of doses of short-acting beta-agonists (SABA) was
calculated using the algorithm developed for the calculation of the PPACI and using a follow-
back period of six months instead of twelve months. The results were then categorised as
“Average of less than four SABA doses per week” vs. “Average of four or more SABA doses

per week”, one of the markers of poor asthma control.”

3.7.2.3 Use of oral corticosteroids (OCS)

Only OCS prescriptions with a duration of less than 14 days and filled within 10 days
of a medical service for asthma (ICD-9: 493) or an asthma-related condition, defined as acute
bronchiolitis (ICD-9: 466.1), bronchospasm (ICD-9: 519.1), acute bronchitis (ICD-9: 466.0)
or bronchitis not specified as acute or chronic (ICD-9: 490.9), were included to ensure that

these claims were not made for other conditions. The values were then categorized as “no

OCS prescriptions” vs. “1 or more OCS prescriptions” over the 6-month observation period.
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3.7.3 Exploratory outcome

Adherence to inhaled corticosteroids (ICS) was explored over a six-month period,
which is sufficient for accurate ascertainment of ICS adherence.”'' It was calculated by using
the Proportion of days covered (PDC), which is defined as the total days’ supply dispensed
(i.e., the sum of the duration of new dispensed, and refills of, ICS prescriptions) divided by the
total number of days of follow-up.*'* Patients were provided with a 182-day window
(approximately six months) to access the intervention exposures and the use of inhaled
corticosteroids was evaluated during the 183" to the 365" day of follow-up (the six
subsequent months). Given the known decrease in ICS use with time*'® and for information
purposes, the PDC will also be presented in the first six months and the last six months of

follow-up, irrespective of intervention exposure.

3.8 Potential confounding variables

Potential confounding variables were chosen based on the literature review and their
ability to be obtained from the Quebec health administrative databases and/or Montreal
Children’s Hospital (MCH) databases. For the main and secondary outcomes, the following

covariates were considered for adjustment:

a) Patient characteristics at the index ED visit: gender (female, male), age (in years),
Pampalon social and material deprivation index (in quintiles, obtained by using the
patient’s residential postal code as a proxy*'*), and prior morbidity, namely atopy
(dermatitis, allergic rhinitis, urticaria), emergency visits and hospital admissions for
asthma in the 12 previous months. As always, asthma-like diagnoses were included

for patients aged 1 year or older.

b) Index emergency visit characteristics: triage level (resuscitation, emergent, urgent,
less urgent, non-urgent) and season (winter, spring, summer, fall) and diagnosis at

the index visit (asthma or asthma-like condition)

The main analysis was also adjusted for season of follow-up (winter, spring, summer,
fall), which was included as a time-varying covariate. This allowed accounting for seasons of

asthma exacerbations, such as the September peak and seasonal allergies.”"
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For the secondary outcomes, to avoid multicollinearity, emergency visits and hospital
admissions for asthma (or asthma-like diagnoses) in the 12 previous months were replaced by

asthma control, measured by the modified PPACI in the 6 months preceding the index visit.

3.9 Statistical analysis

Missing data was found only for Pampalon social and material deprivation indices (in
6.2% of patients from the study cohort and 4.2% from the subcohort), and these patients were
excluded from the analyses. Therefore, a complete case analysis was performed for the
primary, secondary and exploratory outcomes, meaning that only patients with complete data
were analyzed. The primary and secondary outcome analyses were adjusted for all
documented potential confounding variables. For all analyses, statistical significance was
defined using a threshold of two-sided P < 0.05. Analyses were performed using SAS
Enterprise Guide 5.1 (SAS Institute, Cary, NC) and R Studio software (version 3.5.0).

3.9.1 Main outcome

A Cox proportional hazards model with time-varying AEC and SAC exposures was
constructed to analyze the association between the intervention exposures and the time to first
subsequent ED visit for asthma or asthma-like conditions in the 12 months following the index
ED visit. The proportional hazards assumption was verified for the intervention exposure
variables and the covariates by using Schoenfeld residuals plots and by generating time
dependent variables. Interactions with the appropriate survival time function (log, linear or
squared) were included in the models for covariates that violated the proportional hazards
assumption. For morbidity covariates measured in the previous 12 months, ED visits and
hospital admissions taking place within 7 days of each other were only counted once,

assuming that they pertained to the same exacerbation.

Several sensitivity analyses of the main outcome were performed first in the unselected
cohort of children 0-17 years old who experienced an index ED visit for an asthma or asthma-
like condition during the study period (with or without referral to the AEC); secondly, in the
subcohort of children covered by the public drug prescription plan; and thirdly, in the
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subcohort of children with a confirmed asthma diagnosis at the index ED visit (one hospital
admission for asthma and/or two asthma physician visits occurring at least 14 days apart
within the previous year). The latter definition of asthma diagnosis was a slightly modified
version of an asthma case definition developed for research and surveillance purposes in

Ontario (using one year as an observation period instead of two years).””®

The first sensitivity analysis was performed to assess the magnitude of the confounding
by indication associated with analyzing the outcomes in an unselected cohort of patients. The
second sensitivity analysis was undertaken to verify the impact of accounting for the use of
rescue medications in the 6 months preceding the index ED visit. The third sensitivity analysis
allowed us to verify the robustness of our results in the subgroup of patients with a confirmed

asthma diagnosis at the index ED visit.

3.9.2 Secondary outcomes

Modified Poisson regression models for binary outcomes®'® were used to analyze the
use of short-acting beta-agonist (SABA) use, the use of rescue oral corticosteroids (OCS) for
asthma and asthma control. These modified Poisson regression models include a robust error
variance procedure to avoid overestimating the error for the relative risk that takes place when

. . . 216
Poisson regression models are used for binary data.

3.9.3 Exploratory outcome: Adherence to inhaled corticosteroids

The median (25%, 75%) PDC of inhaled corticosteroids was calculated. A Kruskal-
Wallis test allowed the global comparison of ICS adherence among the intervention exposure

groups.
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Chapter 4: Results

4.1 Preamble

The main results of this research project are presented in the form of a manuscript,
which will be submitted for publication to the Journal of Allergy and Clinical Immunology

(JACI): In Practice.

4.2 Contribution of authors

I confirm my original contribution to the present manuscript. More specifically, I
conducted the literature review, assembled the study cohort, performed the data analysis,

interpreted the findings and wrote the manuscript.

Dr. Cristina Longo provided guidance with respect to methodology and creation of the

statistical programs required for cohort assembly and statistical data analysis.

Dr. Francine M. Ducharme conceptualized the study and provided overall guidance in
all aspects of the work conducted by Pamela Mondragon. Moreover, Dr. Francine M.
Ducharme obtained access to the hospital and provincial databases, and obtained ethics

approval for their use in this research project.
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4.3 Manuscript

Asthma education and specialized care after a pediatric

emergency department visit: Real-life impact.
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4.3.1 Abstract

Background: Although asthma education and medical follow-up improved asthma control in

efficacy trials, difficulty in implementation may affect their real-life effectiveness.

Objectives: To ascertain the real-life individual and combined impact of asthma education
and specialized asthma care (SAC), in children referred to the Asthma Education Centre

(AEC) following an emergency department (ED) visit for asthma.

Methods: Using hospital and provincial administrative databases, we conducted a
retrospective cohort of children aged 0-17 years, discharged from the ED between 2001-2006
with an asthma/asthma-like diagnosis and referred to the AEC. Patients were considered
exposed to AEC or SAC from their first visit to the service, exposed to both AEC and SAC at
the date of the latest service, and unexposed otherwise. . A Cox proportional hazards model
model was used to estimate the association of AEC and/or SAC with time to an asthma ED

visit during a 1-year follow-up period ).

Results: Of the 1233 cohort children, 63.5% were male and the mean age was 4.4 years.
Overall, 19% of children received AEC alone, 8% received SAC alone, and 46% received
both AEC and SAC. Compared to unexposed children, the likelihood (Hazard Ratio [95% CI])
of a subsequent ED visit was significantly lower in children receiving AEC with SAC (0.43
[0.34, 0.53]) and AEC alone (HR=0.68 [0.53, 0.86]), but not in those receiving SAC alone
(HR=0.85 [0.64, 1.14]).

Conclusion: In a real-life setting of children referred to asthma education following an ED
visit, exposure to AEC alone and with SAC, but not SAC alone, was associated with a
decreased likelihood of a subsequent ED wvisit, underlying the effectiveness of asthma

education, yet suboptimal patient attendance.
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4.3.2 Introduction

Despite evidence-based guidelines, most asthmatic children remain poorly controlled
worldwide."” In Canada, there were 28,830 pediatric asthma emergency department (ED)
visits in 2017-2018,> with approximately 20% of them resulting in hospital admissions.*”
Asthma guidelines recommend regular medical follow-up, asthma education and a written
action plan to prevent future asthma exacerbations.”® However, in North America, fewer than
30% of children presenting to the ED have an action plan at home”'" or receive prior asthma
education.”'? Moreover, approximately 60% of children had received regular care prior to
their ED visit'> or hospital admission"’ and barely 12%'* to 33%" of children had a medical
follow-up visit within two months of the ED visit. Organizational barriers contributing to these
persistent care gaps'® include delay for the provision of asthma education and a written action
plan, suboptimal physician proficiency in providing guidelines-recommended care, and

insufficient access to regular medical care.'”'®

An ED visit could offer an opportunity to
break the cycle of poor management by referring high-risk asthmatic children to the

appropriate asthma care services.

A 2009 landmark Cochrane review established that asthma education, with or without
other self-management interventions, following a pediatric asthma ED visit was associated
with a 25% risk reduction of subsequent ED visits compared to usual care or lower intensity
education.”” Although the individual contribution of co-existing interventions including
medical visits by general practitioners or specialists, could not be ascertained, these findings
clearly supported referral to asthma education as the preferred intervention.'” Most included
trials reported attendance rates of 70% to 100% to asthma education within up to 6 months of
the index ED visit,"” yet in real-life practice, patient uptake of offered services is clearly
inferior. In non-randomized studies, 42% of patients (children or adults) referred to an asthma
education centre (AEC) after an ED visit attended their scheduled appointment;* only 36% to
59% of children referred to an asthma specialist, received specialized care over the following
year.”"** Furthermore, when both education and medical follow-up are offered, they are often
provided in different settings and time periods, challenging the real-life implementation and

resulting in delays that may interfere with expected benefits.
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Our primary objective was thus to examine the real-world effectiveness of the
individual and combined exposure to asthma education and specialized asthma care on the
likelihood of subsequent ED visit for asthma over the next year in children referred to the
AEC following an ED visit for asthma. Secondarily, we aimed to examine the impact of these
interventions on asthma control and rescue medication use and, as an exploratory outcome, on

inhaled corticosteroid (ICS) use.

4.3.3 Methods

Study design

We conducted a retrospective cohort study of children who presented to the ED of the
Montreal Children’s Hospital, a tertiary care academic centre. The Research Ethics Boards of
CHU Sainte-Justine and Montreal Children’s Hospital approved the study protocol.
Permission to access medical records without patient consent and to link them to
governmental administrative databases was granted by the Director of Professional services

and the Commission d’accés a I’information du Québec.
Data sources

From the Emergency Department (ED) database, we extracted respiratory-related visits
data including patient demographics, visit dates, hospital-specific diagnostic codes, and
disposition (admitted vs. discharged). The database was linked by an unique identifier to the
two additional hospital databases, namely that of: (i) the Asthma Education Centre (AEC),
where patients benefited from a one-on-one hour-long standardized asthma education session
provided by a certified nurse or respiratory technologist trained by the Quebec Respiratory
Health Education Network (Réseau québecois d’éducation en santé respiratoire)™>* and (ii)
the Asthma Centre (AC), staffed by pediatric asthma specialists, including pediatricians,
allergists and respirologists. The AEC database comprised all referral requests, as well as
referral source, visit date and attendance status; the AC database recorded visit date, diagnosis,
and management.”’ These three hospital databases were then linked to three validated”®™
governmental health administrative databases namely: (i) the MED-ECHO database, which
contained the hospital admission dates, diagnostic codes from the International Classification

of Diseases (ICD) 9th version (until 31 March 2006) and ICD-10th version thereafter; (ii) the
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Régie de I’assurance maladie du Québec (RAMQ) medical services database, pertaining to all
medical visit claims of physicians remunerated on a fee-for-service basis, that included the
visit date and the ICD-9th version diagnostic codes; and (iii) the RAMQ public prescription
claims database that included duration, strength and dispensation date of all prescriptions
dispensed by pharmacies to insured Quebec residents, representing approximately 43% of the
Quebec population, i.e., those not eligible for a private drug insurance plan.’' Under the
Canadian universal public healthcare system, all Quebec residents benefit from free-of-charge
medical consultations and hospital admissions, and for children covered by the Quebec drug
insurance, free medication. Of note, although most (77%) specialists are remunerated on a fee-
for-service basis in Quebec,” the hospital databases allowed us to also capture medical visits

made to salaried physicians.
Study population

Children were eligible if they presented to the ED of the Montreal Children’s Hospital
between January 1st 2001 and December 31st 2006, (1) were aged 0 to 17 years; (2) received
a discharged diagnosis of asthma (ICD-9: 493) or, if aged one year and over, of an asthma-like
condition including acute bronchiolitis (ICD-9: 466.1), bronchospasm (ICD-9: 519.1), acute
bronchitis (ICD-9: 466.0) or bronchitis not specified as acute or chronic (ICD-9: 490.9), as
registered in the RAMQ medical services database; and (3) were referred to the AEC in the 12
months following the index ED visit. The latter entry criterion was chosen to identify patients
at high-risk of relapse, as asthma education is the recommended preferred service for needing
families, is widely accessible in accredited centres in Quebec since 1994 and is documented

through our hospital AEC’s records.

Patients were excluded if they: did not have full RAMQ medical services coverage for
at least 12 months preceding and following the index ED visit or if they had made a visit to the
AEC, Asthma Centre or an asthma specialist visit (allergist or respirologist) in the year prior to

the index ED visit.

Of note, whereas a systematic referral program to the AEC was in place for children

hospitalized for asthma, referral to AEC following an ED visit was left to the physicians’
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discretion, usually based on the frequency of ED visits, perceived patient misunderstanding of

disease, assessment or management, and /or poor continuity of care.

The cohort entry visit (index ED visit) corresponded to the first ED visit on which the
child first met all eligibility criteria. The cohort exit date corresponded to the first asthma or
asthma-like related emergency visit, or to 12 months, after cohort entry, which ever occurred
first. A drug claim subcohort pertained to the subgroup of cohort patients who also had full
public drug coverage in the 12 months prior to, and after, the index ED visit, to quantify the

impact of intervention exposures on medication use and asthma control.
Intervention exposures

Exposure to asthma education was defined as the first visit to the hospital AEC while
exposure to specialized asthma care (SAC) pertained to the first visit to an asthma specialist
(allergist or respirologist) or to the hospital Asthma Centre, provided either occurred within 12
months of the index ED visit. For patients visiting both the AEC and SAC, exposure to both
was deemed to have occurred on the day of the latest exposure. Patients were considered
exposed from the date of their intervention exposures until the end of the 12-month

observation period.
Outcomes

The main outcome was a subsequent ED visit for asthma/asthma-like condition (with
or without hospital admission) occurring within 12 months of the index ED visit. A sensitivity
analysis of the main outcome was performed in children with an asthma diagnosis at the index
ED visit as per Dr. To’s modified pharmacoepidemiologic asthma case definition (one hospital
3435

admission for asthma and/or two asthma physician visits occurring at least 14 days apart),

using one year as an observation period instead of two years.

In the drug claim subcohort, secondary outcomes included weekly short-acting beta-
agonist (SABA) use; rescue oral corticosteroids (OCS) use for asthma, that is, dispensed
within 10 days of a medical visit with an asthma/asthma-like diagnosis; and asthma control
ascertained over 6 months using the Pharmacoepidemiologic Pediatric Asthma Control Index
(PPACI),* a validated index that classifies asthma control in 4 categories (controlled, partly

controlled, not well controlled and very poorly controlled) based on SABA use, OCS use, ED

62



visits and hospital admissions.’® A modified version of PPACI, including a look-back period
of six, instead of twelve, months prior to the index ED visit, was used to calculate the average
weekly number of SABA doses. As exploratory outcome, inhaled corticosteroid use was
examined by using the Proportion of days covered (PDC) defined as the total number of days
for which the drug was dispensed, divided by the total number of days of follow-up.’’
Secondary and exploratory outcomes were measured in the last 6 months (months 7 to 12) to
provide patients a 6-month window to receive the interventions and because both medication

use and asthma control are adequately measured over 6-month periods.**?*’

Statistical analyses

Cox proportional hazards models with time-varying exposures were used to analyze
the association between the individual and combined exposures to AEC and SAC with the
time to first subsequent ED visit for an asthma or asthma-like exacerbation. Covariates
included factors related to the: (1) child namely, age at cohort entry, gender, Pampalon social
and material deprivation indexes,” atopy—defined as eczema (ICD-9 codes 691.8 692.0 -
692.9), urticaria (708.0, 708.1 708.8, 708.9) or allergic rhinitis (477.0, 477.8, 477.9), ED
visits, and hospital admissions for asthma/asthma-like (493, 466.0, 466.1, 519.1) in the 12
months preceding the index visit; and (2) index ED visit namely, triage category, season, and
disposition (discharge or hospital admission). ED visits occurring within 7 days of each other
were counted only once. The proportional hazards assumption was verified using Schoenfeld
residuals plots and by generating time-dependent covariates. For covariates that violated the
proportional hazards assumption, interactions with the appropriate survival time function (e.g.,
log, linear or squared) were included in the model. We adjusted the analysis for the season of
follow up (i.e., September peak and/or allergy seasons) by adding it as a time-varying

covariate.

In the drug claim subcohort, we used modified Poisson models*' to analyze secondary
outcomes namely, average SABA weekly use (<4 vs. > 4 doses per week), oral corticosteroid
courses use (yes vs. no), and PPACI (controlled/partly controlled vs. not well controlled/very
poorly controlled). The mean £SD and the median (25%, 75%) PDC were reported. The
median PDC was compared globally among the intervention exposure groups using the

Kruskal-Wallis test. Statistical significance was assumed at a two-sided P <0.05, for all the
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analyses. Analyses were performed using SAS Enterprise Guide 5.1 (SAS Institute, Cary, NC)

and R Studio software (version 3.5.0).

4.3.4 Results

Of the 40,272 patients presenting with a respiratory-related ED visit, 1233 children met
eligibility criteria and were referred to the AEC. Of these, 432 children covered by the Quebec
drug insurance, comprised the drug claim subcohort (Figure 2). Eligible children were
predominantly male and preschoolers. In the year preceding the index visit, approximately
20% of participants had experienced at least one ED visit for an asthma or asthma-like
exacerbation or had a medical claim for atopy. At the index ED visit, the overwhelming
majority (87%) of children received a diagnosis of asthma and 58% were admitted to hospital.
The baseline characteristics of children included in the main cohort and the drug claim
subcohort were similar in all aspects (Table 6), with the exception of a higher proportion of

patients in the lower quintiles of material and social deprivation in the drug claim subcohort.

In the 12 months following the index visit, 563 (46%) children attended both the AEC
and the SAC, 234 (19%) attended only the AEC, 97 (8%) received only SAC and 27%
attended neither service. By design, all recorded AEC were made at our hospital, whereas
most (65%) SAC occurred at our Asthma Centre. Moreover, 56% of the AEC visits alone,
30% of the visits to both services and 27% of the SAC visits only, occurred within one month

of the index ED visit (Figure 2).

Overall, 59% (731/1233) of patients from the main cohort experienced one or more
subsequent ED visits. Compared to unexposed children, the risk of an earlier subsequent ED
visit for an asthma/asthma-like exacerbation was significantly reduced by 57% in children
receiving both interventions and by 32% in those attending only the AEC, whereas no
statistically significant impact of SAC alone was observed (Table 7). Higher triage priority
categories at the index ED visit and > 2 ED visits for asthma/asthma-like exacerbations in the
preceding year were significantly associated with an increased risk of an earlier subsequent
ED visit; index exacerbation occurring in the spring or fall and older age were protective
(Supplemental data: Table 10). Of interest, sex, social and material deprivation, atopy, were

not significantly associated with time to subsequent ED visit (Supplemental data: Table 10). In
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the sensitivity analysis focused on patients meeting To’s asthma diagnosis criteria, only
combined exposure to the interventions was significantly associated with a decreased risk of

an earlier subsequent ED visit (Supplemental data: Table 11).

Compared to unexposed children receiving a referral to the AEC, those attending both
SAC and AEC in the first 6 months after the index ED visit experienced a reduction by more
than half of the risk of rescue OCS use and by 12%, that of poor asthma control in the last 6
months of the follow-up period; no clinically relevant effect was observed for either AEC or
SAC alone (Table 8). Neither intervention alone or combined was associated with a significant

effect on subsequent SABA use.

In children from the drug claim subcohort with at least one ICS serving during the 7-12
months of follow-up, there was no statistically significant difference between the crude

median Proportion of days covered (PDC) across exposure groups (p=0.72) (Table 9).

4.3.5 Discussion

In this real-world retrospective cohort study of children referred to the AEC following
an ED for an asthma or asthma-like exacerbation, about two thirds attended an AEC (usually
in conjunction with an asthma specialist visit) over the next 12 months; a quarter attended
neither service and fewer than 10% received only specialized care. Asthma education, with or
without specialized care, was associated with a 57% and 32 % decrease in the likelihood of a
subsequent asthma/asthma-like ED visit, respectively, underlying the benefit of asthma

education in this high-risk group of patients.

Clearly, the strongest protective effect against subsequent ED visits was observed
when patients received both interventions, which were also associated with reduced risk of
poor asthma control and rescue OCS use. To our knowledge, only two trials tested the impact
of combined exposure to asthma education and specialist care on subsequent morbidity using
usual care as the control group. Consistent with our findings, they both reported significant
beneficial effects, reporting a 46% reduction in the risk of unscheduled visits for asthma** and
a 1.4 times lower risk of a subsequent ED visit* compared to controls (asthma educational

booklet or usual care). Neither reported data on subsequent OCS and SABA use.
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Exposure to asthma education alone was associated with a 32% decrease in the
likelihood of a subsequent ED visit. However, it had no statistically significant impact on
subsequent asthma control, SABA use and OCS use. The magnitude of effect is in agreement
with the 2009 Cochrane systematic review of 38 trials' where asthma education alone or as
part of a comprehensive self-management program was associated with a 27% risk reduction
in subsequent ED visits, compared to usual care/lower intensity asthma education, confirming
the robustness of findings. Two subsequent randomized controlled trials examining the impact
of asthma education alone in children following an ED visit, showed a protective** or no
effect™ on subsequent ED visits. Consistent with our findings, no association between asthma
education alone and subsequent SABA use was observed in another randomized controlled
trial,* although asthma education over 4 to 8 weeks was associated with 20% to 36% lower
likelihood of subsequent OCS use.*** Consequently, asthma education appears to have its
primary preventive effect on exacerbations severe enough to require an ED visit, with or

without rescue OCS.

Receiving specialized asthma care alone had no significant impact on any of the
outcomes of interest. We did not identify any clinical trials testing the impact of specialized
asthma care alone following an acute care visit, however our results are in agreement with
cohort studies reporting that asthma specialist care alone had no significant impact on a
subsequent ED visit'’ or readmission®® for children admitted to the hospital for asthma. Of
note, our statistical power to detect a 30% to 47% risk reduction varied from 40.7% to 81.4%,

respectively.

It is unclear why individual exposure to AEC and SAC did not succeed in decreasing
overall SABA use. It is possible that, in our crude analysis, the suboptimal ICS use observed
in all groups was only sufficient to achieve a reduction in exacerbations, without a significant
impact on daily symptoms and rescue bronchodilator use that require higher ICS adherence.
This finding is in line with prior observations of an earlier impact effect of ICS on most severe
outcomes (e.g., death and hospitalizations) than less severe outcomes (e.g., symptom
control).®* Yet, the consistent marked reduction of combined AEC and SAC on

exacerbations requiring ED visits and/or rescue OCS argues in favour of this approach.
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In our cohort of high-risk children referred to asthma education, several determinants
associated with an earlier subsequent ED visit were in line with prior studies of children in

12,15,50,51

similar settings namely, 2 or more ED visits in the preceding year, and higher triage

codes.”””* Our observation contrasts with previous studies reporting that hospital admissions

15,52,53 15,47

prior to the index ED visit and lower socioeconomic levels increased the risk or
likelihood of repeat ED visits. Of note, in our study, there was no statistically significant
difference in the distribution of Pampalon material (p=0.29) and social deprivation indexes
(p=0.64) at cohort entry among children who subsequently attended the AEC session and
those who did not. The effect of deprivation was perhaps partially compensated and diluted by
access to free health care services and, for children of family with predominantly lower

socioeconomic status, free asthma drugs in Quebec.

The study must be interpreted in light of strengths and limitations. Our observational
study reflects the real-world effectiveness of individual and combined exposure to the
interventions on a subsequent ED visit. While we cannot rule out the possibility that in
absence of randomization, patients who did not attend their asthma education session had
milder asthma than those that did, this would have diluted the observed effect. Access to
institutional databases and validated Quebec administrative databases avoided the recall bias
associated with patient-reported outcomes. Although misclassification may have occurred if
children referred to our AEC visited another AEC or were seen by a specialist with an
alternate reimbursement plan, prior studies confirmed that nearly 90% of our patients return to
our main institution® and 77% of Quebec specialists are remunerated on a fee-for-service

.32
basis,

such that exposure misclassification would have affected a small proportion of
children. We a priori included asthma-like conditions as per the 2015 Canadian Position paper
on preschool asthma’ recommendation to consider as ‘suspected asthma’ recurrent episodes of
asthma-like symptoms in children aged 1 year and over, provided that airway obstruction and
reversibility were documented; the later two criteria could not be confirmed in administrative
databases, such that it is possible that non-asthmatic children were included in our cohort.
Yet, the sensitivity analysis excluding ‘asthma-like’ diagnoses showed similar results. The use

of time-varying exposures of asthma education and specialized care for the main outcome

analysis is a clear strength. However, we focused on exposures occurring within 6 months
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following the index ED visit for the secondary and exploratory outcomes; thus, 20% of
children who received these services after 6 months were considered as part of control group,
which could have diluted the effect of the interventions. Moreover, a look-back period of 6
months was used in the calculation of the PPACI because a 12-month look-back period would
have led to the exclusion of 100 additional children (23% of the drug claim subcohort); this

modification slightly overestimated the proportion of controlled asthma by 3%.

We adjusted for all potential confounder variables available in the databases: however,
we couldn’t adjust for lung function, asthma severity, obesity, ethnicity and other variables
related to socioeconomic status, which may have resulted in residual confounding. The study
was conducted in Quebec, Canada where children have free access to medical visits, and
asthma education at the AEC, and to heavily subsidized drug access. Secondary outcomes
were analyzed in children insured by a public drug plan, which resulted, as expected, in an
overrepresentation of children with lower socioeconomic status. Our findings may thus not be

generalized to other health care settings and populations.

In conclusion, in a real-life setting of children referred to the AEC following an asthma
emergency Visit, receiving asthma education with or without specialized asthma care is
associated with a marked decreased likelihood of a subsequent ED visit. Children receiving
both asthma education and specialized care experienced the largest risk reduction in earlier
subsequent ED visit as well as in rescue oral corticosteroid use and poor asthma control. Our
results confirm the benefit of these services in high-risk population and would argue against
referral to specialized care without offering concurrent asthma education. Identification of
characteristics of children that would benefit most from, and strategies to increase attendance

to both, asthma education and specialized care, should be key research priorities.
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Table 6. Baseline characteristics

Characteristic Main cohort Drug claim
subcohort
(N=1233) (N=432)
DEMOGRAPHICS
Male sex —n (%) 783 (63.50) 285 (65.97)
Age in years at index ED visit -mean + SD 4.38 +4.04 4.69 +4.02
Pampalon material deprivation index —n (%)
Missing value 76 (6.16) 18 (4.17)
1** quintile (most privileged) 172 (13.95) 46 (10.65)
2" quintile- 3" quintile 389 (31.55) 106 (24.54)
4™ quintile -5™ quintile 596 (48.34) 262 (60.65)
Pampalon social deprivation index —n (%)
Missing value 76 (6.16) 18 (4.17)
1** quintile (most privileged) 212 (17.19) 60 (13.89)
2" quintile- 3" quintile 473 (38.36) 152 (35.19)
4™ quintile -5™ quintile 472 (38.28) 202 (46.76)
PRIOR MORBIDITY IN PAST 12 MONTHS
Atopy—n (%) 254 (20.60) 81 (18.75)
# of Asthma/asthma-like ED visits' —n (%)
0 985 (79.89) 352 (81.48)
1 196 (15.90) 60 (13.89)
>2 52 (4.22) 20 (4.63)
# of Asthma/asthma-like hospital admissions’ —n
(%)
0 1168 (94.73) 407 (94.21)
>1 65 (5.27) 25(5.79)
PPACI in the previous 6 months*
Controlled - 252 (58.33)
Partly controlled - 41 (9.49)
Poorly controlled - 118 (27.31)
Very poorly controlled - 21 (4.86)
INDEX EMERGENCY VISIT
Epidemiological-based diagnosis of asthma' —n (%) 849 (68.86) 302 (69.91)
Diagnosis' —n (%)
Asthma (ICD-9: 493) 1080 (87.59) 382 (88.43)
Bronchiolitis (ICD-9: 466.11) 92 (7.46) 27 (6.25)
Bronchitis (ICD-9: 466.01, 490.91) 1 (0.08) 1(0.23)
Bronchospasm (ICD-9: 519.11) 60 (4.87) 22 (5.09)
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Season —n (%)

Winter 277 (22.47) 111 (25.69)
Spring 329 (26.68) 114 (26.39)
Summer 162 (13.14) 52 (12.04)
Fall 465 (37.71) 155 (35.88)

Canadian Triage and Acuity Scale —n (%)

1 (Resuscitation) or 2 (Emergent) 600 (48.66) 189 (43.75)
3 (Urgent) 551 (44.69) 210 (48.61)

4 (Less urgent) or 5 (Non-urgent) 82 (6.65) 33 (7.64)

Disposition —n (%)

Discharged 513 (41.61) 175 (40.51)
Hospital admission 720 (58.39) 257 (59.49)

"For patients aged >1 year, the following asthma-like ICD-9 diagnostic codes (466.11, 466.01,
490.91 and 519.11) were included. For past hospital admissions of patients aged > 1 year, the
following asthma-like ICD-10 diagnostic codes (J20, J21, J40, J98.01) were also used.

*A modified version of To et al.’”*" epidemiological asthma diagnosis was used; defined as “at
least one hospitalization with an asthma diagnosis code (ICD-9 : 493, ICD-10: J45) or at least
two medical claims with an asthma diagnosis (ICD-9 : 493, ICD-10: J45) since birth, with at
least 15 days and a maximum period of 2 years between the diagnostic codes.” The
modifications pertained to the retrospective, rather than prospective, application of this
diagnostic approach, applied to events in the 12 months preceding the index ED wisit
(including the index ED visit), instead of since birth.

IPPACI: Pediatric Pharmacoepidemiologic Asthma Control Index””. ‘Controlled’ was defined
as < 4 SABA doses per week and no OCS/ED/Hospital admissions for asthma, and ‘partly
controlled’ as > 4 to < 7 SABA doses per week and no OCS/ED/Hospital admissions for
asthma. ‘Poorly controlled” was defined as (> 7 SABA doses/week or >1 OCS of > 1 ED) and
no hospital admission, and ‘very poorly controlled’ as at least one hospital admission.

YFor visits not recorded in the RAMQ database, that is, for visits to a physician not
remunerated by fee-for-service, the corresponding hospital diagnostic codes were used.
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Table 7. Cox proportional hazards model for the main outcome

Hazard Ratio’ (95% CI)

Intervention exposure

AEC and SAC 0.43 (0.34-0.53)
AEC only 0.68 (0.53-0.86)
SAC only 0.85 (0.64-1.14)
none reference

"Model was adjusted for sex, age, morbidity in the 12 months preceding the index ED visit
(ED visits and hospital admissions with an asthma diagnosis), atopy, Pampalon social and
material deprivation index, triage code, season at index ED visit and season of follow-up
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Table 8. Secondary outcomes in the drug claim subcohort

Intervention N=414 OCS use* SABA use >4 doses/week * Poor asthma control**’
exposure f

Rate Ratio Rate Ratio Rate Ratio

(95% CI) (95% CI) (95% CI)
AEC and SAC n=140 (33.82%) 0.48 (0.31-0.75) 1.00 (0.96-1.05) 0.88 (0.83-0.94)
AEC only n=68 (16.43%) 0.83 (0.53-1.30) 1.04 (0.99-1.09) 0.94 (0.86-1.02)
SAC only n=30 (7.25%) 0.57 (0.26-1.22) 1.01 (0.95-1.08) 0.94 (0.84-1.04)
none n=176 (42.51%) reference reference reference

" In the 6 months following the index ED visit

*Analyzed by Poisson regression models modified for use with binary outcomes.*'® Adjusted for sex, age at index ED visit, asthma

control measured by the PPACI in the 6 months preceding the index ED visit, atopy, Pampalon social and material deprivation
index, triage code, season and diagnosis at index ED visit

I'Poor asthma control was defined as PPACI=not well controlled or very poorly controlled. As per the PPACI, patients were deemed
not well controlled if they did not experience a hospital admission with an asthma/asthma-like diagnosis, but used at least 7 weekly
doses of SABA, filled at least 1 OCS prescription, or had at least 1 ED visit for asthma during the 6-month follow-up periodPatients

who had at least 1 hospital admission with an asthma/asthma-like diagnosis were deemed very poorly controlled.

Table 9. Use of inhaled corticosteroids in the 7-12 months following the index ED visit — crude analysis

Intervention exposure in the first 6 months N=258 PDC’-median
(25%, 75%)
AEC and SAC n=89 (34.50%) 27.47 (16.48-38.46)
AEC only n=42 (16.28%) 16.48 (16.48-34.62)
SAC only n=19 (7.36%) 32.97 (16.48-49.45)
None n=108 (41.86%) 18.41 (16.48-32.97)

"Proportion of days covered (PDC)
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40272 Children
presenting to ED'

30312 Children excluded

24703 had no asthma/asthma-like
diagnosis

188 were aged 18 years or older

3815 had no index visit between
January 1, 2001- December 31, 2006
636 had no governmental coverage for
medical services for at least 12 months
prior to, and after, the index visit
970 had an AEC* and/or SAC visit in
the 12 months prior to the index visit
8727 were not referred to the AEC
within 12 months of index ED visit

A 4

1233 Children included
in the Main Cohort

801 (65%) were not covered by
the public drug insurance plan
at least 12 months prior to, and
post, the index ED visit

A 4

432 Children included in

the Drug claim subcohort

Figure 2. Patient selection. 'ED: Emergency Department. “AEC: Asthma Education Centre.

IsAc: Specialized Asthma Care
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Figure 3. Distribution of the delay between the index ED visit and the intervention
exposures. The distribution of the delay to the first AEC visit alone is depicted in a), for first
SAC visit alone in b) and, for those with combined AEC and SAC exposure, for the last of
AEC or SAC visit date in c). The frequency and cumulative frequency of patients who
received the intervention exposure during the follow-up period are shown.
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4.2.8 Supplemental data

Table 10. Complete Cox proportional hazards model for the main outcome

Main cohort

(N=1157)
Variable Hazard Ratio (95% CI)
DEMOGRAPHICS
Intervention exposure
AEC and SAC 0.43 (0.34-0.53)
AEC only 0.68 (0.53-0.86)
SAC only 0.85 (0.64-1.14)
none reference
Male sex 0.93 (0.80-1.09)

Age at index ED visit

0.89 (0.86-0.93)

Age*time

1.00 (1.00-1.00)

Pampalon material deprivation index

1* quintile (most privileged)

reference

2" or 3" quintile

1.05 (0.86-1.29)

4™ or 5™ quintile

1.02 (0.84-1.22)

Pampalon social deprivation index

1* quintile (most privileged)

reference

2" or 3" quintile

0.98 (0.79-1.23)

4™ or 5™ quintile

1.01 (0.86-1.19)

MORBIDITY IN THE PRECEDING
MONTHS

12

Atopy

1.08 (0.91-1.29)

1 asthma/asthma-like ED visit

0.84 (0.60-1.18)

1 asthma/asthma-like ED visit*time

1.00 (1.00-1.00)

>2 asthma/ asthma-like ED visit

1.65 (1.17-2.34)

1 or more Hospital admissions

0.93 (0.64-1.34)

INDEX ED VISIT CHARACTERISTICS

Diagnosis

asthma 0.84 (0.68-1.03)
asthma-like reference
Season

winter 1.24 (0.99-1.55)
spring 1.65 (1.26-2.16)
fall 1.36 (1.10-1.67)
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summer reference
Canadian Triage and Acuity Scale

Triage 1-2 (most urgent) 1.41 (0.99-2.01)
Triage 3 1.09 (0.77-1.53)
Triage 4-5 (less urgent) reference
Disposition

Hospital admission 0.94 (0.45-1.95)
Hospital admission*log(time) 0.84 (0.72-0.99)
Discharge reference
FOLLOW-UP SEASON

winter 0.99 (0.80-1.23)
spring 0.67 (0.52-0.86)
fall 1.40 (1.15-1.71)
summer reference

Table 11. Main outcome in patients with an alternative definition of asthma

Hazard Ratio’ (95% CI)

Intervention exposure

AEC and SAC 0.41 (0.31-0.55)
AEC only 0.77 (0.57-1.03)
SAC only 0.84 (0.58-1.20)
none reference

"Model was adjusted for sex, age, morbidity in the 12 months preceding the index ED visit
(ED visits and hospital admissions with an asthma diagnosis), atopy, Pampalon social and
material deprivation index, triage code, season at index ED visit and season of follow-up
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Chapter 5: Supplemental results

The following chapter includes the results of two sensitivity analyses of the main
outcome that were not included in the scientific article and describes in more detail the
sensitivity analyses performed in children with an alternative definition of asthma. The
sensitivity analysis in the unselected cohort allowed the ascertainment of the magnitude of the
‘confounding by indication’ bias in the absence of an appropriate selection of study
subjects.”’” Two additional sensitivity analyses allowed the assessment of the robustness of
our findings when restricting to children meeting an alternative definition of asthma and to
those covered by the public drug prescription plan. Only patients with complete data were

included in the sensitivity analyses.

5.1 Main outcome in the unselected cohort of children

In the umselected cohort composed of 9960 children (9399 with complete data)
presenting to the ED with an asthma or asthma-like diagnosis, exposure to AEC alone
(adjusted HR=1.47, 95% CI 1.17-1.84) or in combination with SAC (adjusted HR=1.21, 95%
CI 0.99-1.48) was associated with an increased risk of an earlier ED return visit (Table 12).
Exposure to SAC alone had no statistically significant impact on the risk of an earlier ED
return (adjusted HR=1.08, 95% CI 0.95-1.24). The complete Cox proportional hazards model
for this sensitivity is found in Appendix I'V.

Table 12. Main outcome in the unselected cohort of patients

Hazard Ratio’ (95% CI)

Intervention exposure

AEC and SAC 1.21 (0.99-1.48)
AEC only 1.47 (1.17-1.84)
SAC only 1.09 (0.95-1.24)
none reference

"Hazard ratios were adjusted for sex, age, morbidity in the 12 months preceding the index ED
visit (ED visits and hospital admissions with an asthma diagnosis), atopy, Pampalon social and
material deprivation index, triage code, season at index ED visit and season of follow-up
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5.2 Main outcome in the alternative definition of asthma

Criteria for the diagnosis of asthma in children 6 years and older have remained stable

218 \whereas they have evolved for preschoolers.® As for any billing

for over 2 decades
diagnosis, there are no requirements and no means to confirm the criteria diagnosis applied by
the physician. This sensitivity analysis explored a modified version of a case definition of
asthma case developed for epidemiological studies by Teresa To consisting of one hospital
admission for asthma and/or two asthma physician visits with a diagnosis of asthma occurring

3738 . . .
738 This definition is also based on recorded

at least 14 days apart within 2 consecutive years.
diagnosis in the medical chart and subsequently, in our case, in the RAMQ database. The
definition was meant to be applied prospectively from birth but in our case, we were limited
by a 12-month look-back period. Thus use of this definition may have underestimated the
proportion of children with asthma due to its requirement for 2 medical visits, the shorter
applicability period (12 months instead of since birth) and the shorter observation period (12
months instead of 24 months). Our application of Dr. To’s definition would thus be expected

to increase specificity, while reducing sensitivity.

In total, 750 (61% of the study cohort) of the eligible patients (243 younger than 6
years old and 507 of age 6 years or older) fit the modified Dr. To’s definition when applied in
the 12 months preceding the index ED visit (including the index ED visit). Of these, 699 had
complete data. As described in the manuscript, exposure to AEC alone (adjusted HR=0.77,
95% CI 0.57-1.03) and in combination with SAC (adjusted HR=0.41, 95% CI 0.31-0.55)
showed similar effect sizes as observed in the original cohort, although only the combination
of AEC and SAC was associated with a statistically significant decreased risk of an earlier ED
subsequent visit (See Table 11 in Chapter 4). Again, no statistically significant association was
found between the specialized care and the risk of an earlier ED return visit (adjusted
HR=0.84, 95% CI 0.58-1.20) as observed in our main analysis with a similar effect size. The

complete Cox proportional hazards model for this sensitivity analysis is found in Appendix V.
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5.3 Main outcome in children covered by the public prescription
drug plan

There were 432 children (35% of the study cohort) covered by the public drug
prescription plan in the 12 months preceding, and the 12 months following, the index ED
visit. Of these, 414 had complete data. Children exposed to AEC only (HR=0.58, 95% CI
0.37-0.90) and those exposed to both AEC and SAC (HR=0.30, 95% CI 0.19-0.47) exhibited a
decreased risk of an earlier ED return visit (Table 7). Exposure only to SAC was not
associated with a statistically significant subsequent risk of an earlier ED return visit
(HR=0.96, 95% CI 0.60-1.54). Including the Pharmacoepidemiologic pediatric asthma control
index (based on ED, hospital admissions, SABA and OCS use) in the 6 months preceding the
index ED visit as a covariate provided similar results to those obtained in the study cohort,
with slightly larger protective effects of exposure to asthma education alone and in
combination with specialized care on the likelihood of a subsequent ED visit (Table 13). The

complete Cox proportional hazards model is found in Appendix VL.

Table 13. Main outcome in the subcohort covered by the public prescription drug plan

Hazard Ratio' (95% CI)

Intervention exposure

AEC and SAC 0.30 (0.19-0.47)
AEC only 0.58 (0.37-0.90)
SAC only 0.96 (0.60-1.54)
none reference

"Hazard ratios were adjusted for sex, age, asthma control in the 6 months preceding the index
ED visit (based on ED visits, hospital admissions, SABA use and OCS use), atopy, Pampalon
social and material deprivation index, triage code, season at index ED visit and season of
follow-up
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5.4 Post-hoc exploratory analyses of potential interactions between
age, Pampalon social and material deprivation indexes and

intervention group

We briefly examined whether the interactions between age and the intervention
exposure group (Table 14), Pampalon social deprivation index and the intervention exposure
group (Table 15), and Pampalon material deprivation index and the intervention exposure
group (Table 16) would have been worth exploring. Patients with missing data for Pampalon
material and social deprivation index were excluded from the last two of these analyses. Given
the similar distributions of age, Pampalon material deprivation index and Pampalon social
deprivation index among the intervention groups, interactions of these variables with the
intervention exposure group. These results suggest that such interactions were unlikely to be

of importance and thus, they were not considered for inclusion in the final model.
Table 14. Distribution of the patients’ age among the intervention exposure groups in the

main cohort (N=1233)

Intervention exposure

Age group | AEC alone | SAC alone | AEC and SAC | None TOTAL
n (%) n (%) n (%) n (%)

0to 5 years | 168 66 361 258 853
(71.79%) (68.04 %) | (64.12%) (76.11%)

6to 17 66 31 202 81 380

year (28.21%) (31.96%) | (35.88%) (23.89%)

TOTAL 234 97 563 339 1233
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Table 15. Distribution of the patients’ Pampalon social deprivation index among the

intervention exposure groups in the main cohort (N=1157)

Intervention exposure

Pampalon | AEC alone | SAC alone | AEC and SAC | None TOTAL

social

deprivation | 1 (70) n (%) n (%) n (%)

index

Ist quintile | 34 18 97 63 212
(15.32%) (19.57%) | (18.48%) (19.81%)

2" quintile | 43 19 107 61 230
(19.37%) (20.65%) | (20.38%) (19.18%)

3rd quintile | 49 19 110 65 243
(22.07%) (20.65%) | (20.95%) (20.44%)

4th quintile | 41 14 127 66 248
(18.47%) (15.22%) | (24.19%) (20.75%)

5th quintile | 55 22 84 63 224
(24.77%) (23.91%) | (16.00%) (19.81%)

TOTAL 222 92 525 318 1157
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Table 16. Distribution of the patients’ Pampalon material deprivation index among the

intervention exposure groups in the main cohort (N=1157)

Intervention exposure

Pampalon AEC alone | SAC alone | AEC and None TOTAL

material SAC

deprivation |1 (%) n (%) n (%)

index n (%)

Ist quintile 41 16 80 35 172
(18.47%) | (17.39%) | (15.24%) (11.01%)

2" quintile 34 10 81 44 169
(15.32%) | (10.87%) | (15.43%) (13.84%)

3rd quintile 37 20 103 60 220
(16.67%) | (21.74%) | (19.62%) (18.87%)

4th quintile 50 17 122 85 274
(22.52%) | (18.48%) | (23.24%) (26.73%)

5th quintile 60 29 139 94 232
(27.03%) | (31.52%) | (26.48%) (29.56%)

TOTAL 222 92 525 318 1157
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Chapter 6: Discussion

The main objective of this dissertation was to examine the impact of individual and
combined exposure to asthma education (AEC) and specialized asthma care (SAC) on the time
to subsequent ED return visit in the real-life setting of children identified by the ED physician
as being in need for asthma education. Asthma emergency visits were chosen as the main
outcome because they represent a significant burden at the patient, family, and health-care
system levels, due to their detrimental effect on quality of life and the associated resources and

costs.7

Additionally, we aimed to determine the effect of the individual and combined
exposure to AEC and SAC on other (secondary) health outcomes reflective of asthma control:
namely asthma control measured by the pharmacoepidemiologic pediatric asthma control
index (PPACI), the use of short-acting beta-agonists (SABA) and the use of oral
corticosteroids (OCS). The PPACI is a 4-category asthma control index (controlled, partly
controlled, not well controlled and very poorly controlled) measured over a 6-month period,
based on the occurrence of an emergency department (ED) visit, hospital admission, filled
prescriptions of OCS and the average number of weekly doses of SABA as recorded in
administrative health services databases.” In our study, asthma control was treated as binary
variable (controlled/partly controlled vs. not well-controlled/very poorly controlled). The use
of SABA (less than 4 weekly doses of SABA, >4 weekly doses of SABA) and OCS (no OCS,
at least one OCS prescription claim) were also treated as individual binary variables. Finally,
we aimed to explore one of the mechanisms by which the exposures of interest may protect

patients against ED relapse, that is, by increasing the appropriate use of ICS.

The following section includes the interpretation of findings pertaining to the main,

secondary and exploratory outcomes.

6.1 Main outcome

In our study, children exposed to both AEC and SAC (adjusted HR=0.43, 95% CI
0.34-0.53) had a lower risk of an earlier subsequent ED visit than those exposed to AEC alone.

To our knowledge, no previous studies compared the impact of asthma education with vs.
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without specialized care on subsequent morbidity. Indeed, as described in the manuscript,
most previous studies compared combined exposure to asthma education and specialized care

190,219
to usual care,

where the latter may have included follow-up by a primary care physician
or education provided by ED physicians or nurses prior to discharge. Previous studies have
shown that receiving both asthma education and specialized asthma care is associated with a

190,219

decreased likelihood of a subsequent ED visit compared to usual care, to primary care

192 191

follow-up, © to an asthma education booklet, or to lower intensity education.**

Furthermore, children followed by specialists are more likely to receive a written asthma

221,222 129

action plan and guideline-based controller medication use ~° than those who do not
receive specialized care. Therefore, the synergistic effect of asthma education and specialized
care could be mediated in part by the optimal self-management recommendations by
specialists complemented by education reinforcing these recommendations by both asthma

educators and specialists.

The beneficial effect associated with exposure to asthma education alone in our study
is concordant with the findings from the 2009 Cochrane review of the impact of asthma
education in children following an asthma emergency visit.'' Due to the heterogeneity among
the studies included in this Cochrane review, the authors were not able to determine the exact
components of effective asthma education.'’ A previous randomized controlled trial (RCT) of
four weeks of small-group multicomponent age-adapted asthma education program at the
AEC (facilitator-led presentations, group discussion and peer sharing) was associated a
reduced risk of subsequent emergency department visits (RR=0.62, 95% CI 0.48-0.81).'%
Another RCT showed that an 8-week home-based asthma education program had no effect on
subsequent ED visits when used alone, but was associated with a protective effect when
combined with medication adherence feedback (IRR=0.85, 95% CI 0.74-0.97).'% In all
studies and ours, asthma education provided at the AEC was likely effective because it was
personalized (targeted to the needs of patients)'*’ and used a standardized approach that is
regularly updated to ensure adherence to clinical guidelines’ recommendations.'"” Asthma
education can also reduce the risk of subsequent morbidity by increasing patients’ asthma

223

knowledge and helping them to improve their inhaler technique.”” Although some authors

argue for an ED visit as the teachable moment,”**** it could also be argued that the AEC
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offers a more appropriate setting for motivating patients to change their behaviour. The
effectiveness associated with exposure to asthma education may also have been diluted by the
variability in patients’ adherence to the self-management recommendations from asthma

educators.

Given that patients followed by an allergist for example report a higher asthma self-
management knowledge than those without a regular source of asthma care or those followed
by a primary care physician,**° it appears paradoxical that exposure to specialized care alone
would not be beneficial in our study. These findings are not the due to regression towards the
mean, since the number of patients with ED visits increased in all the exposure groups in the
12 months following the index ED visit, compared to the 12 preceding months (Appendix VII)
There are four main potential reasons that could explain the null/minimal (and non statistically
significant) effect related to individual exposure to specialized care on the primary and
secondary outcomes. First, we cannot firmly conclude that specialized care has no impact on a
subsequent ED visit because the large confidence interval of the hazard ratio reflects
insufficient statistical power, likely associated to the low proportion of patients who received
asthma specialist care alone (8%) compared to asthma education alone (19%) and both
exposures (46%). Indeed, the statistical power to detect a 30%, 35% and 47% absolute risk
reduction of subsequent ED visits associated with exposure to specialized asthma care in our
study cohort was 40.7%, 53.4% and 81.4%, respectively. Moreover, it has been reported that
unequal group sample sizes can greatly distort the power level.”’ Second, the effectiveness of
specialized asthma care alone may have been diluted by the variability in physicians’
adherence to asthma guidelines regarding pharmacologic treatment, as well as the quantity and
quality of the physician-patient exchanges. Indeed, there is likely variability in the
explanations (asthma education provided to patients to explain the disease, role of medication,
means of appropriate intake of medication and self-management action plan) provided by
physicians to ensure adequate understanding of self-management by patients. Even if
specialists are 1.5 times more likely to prescribe appropriate daily controller use than primary
care physicians, there could still be improvements to be made regarding the appropriate
assessment of needs and prescription, as well as written self-management action plan

provision and regular review.'> Third, it is possible that specialized care is truly not sufficient
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to change behaviour if not provided in conjunction with sufficient asthma education. Fourth,
variability in patient’s adherence to recommendations from asthma specialists regarding
disease management may dilute the effectiveness of specialized care. As discussed in the
manuscript, our findings are in accordance with previous cohort studies where exposure to
specialist care alone had no significant impact on subsequent ED visit'® or readmission.'*
However, preliminary results from two abstracts reported lower risk of subsequent ED visits
following exposure to specialized care in patients with moderate-severe asthma and at least 1
ED visit prior to the index admission,'*” and in patients with an index exacerbation associated
with a prescription of oral corticosteroids,'>* both identifying patients with higher morbidity.
Collectively, these findings suggest that further research is required to confirm the
effectiveness of SAC alone and the pre-requisites for effectiveness. Until then most
implementation efforts should focus on offering asthma education and SAC to high-risk

patients, when feasible.

6.2 Sensitivity analyses of the main outcome

Similar results were obtained in two sensitivity analyses of children with an alternative
asthma case definition at the index ED visit and in children covered by the public drug plan.
These results attest to the robustness of our findings in patients meeting a modified
pharmacoepidemiologic asthma case definition at the index ED visit and when adjusting for
prior rescue medication use. This suggests that the inclusion of children with an asthma-like

diagnosis was an appropriate methodological choice.

In contrast, opposite results, that is, apparent harm, were found in the unselected
cohort, where asthma education with and without specialized asthma care was associated with
an increased risk of earlier return ED visit. These results most probably reflect a confounding
by indication bias that could not be corrected by adjustment for previous morbidity in terms of
ED visits and hospital admissions. While it is intuitively likely that the most severe children
will be the ones referred to, and attending, asthma education and specialized care, these
children are also at higher risk of returning to the ED due to their baseline severity. Indeed, in
the unselected cohort, the referral rate to the AEC was more than 6 times higher in the

hospitalized children compared to those discharged at the index ED visit (39% vs. 6%,
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respectively). This confounding by indication was prevented in our study cohort by restriction
to a higher morbidity group, that is, by limiting to children who were referred to AEC by a
physician. The results found in the unselected cohort of children are in agreement with a
previous retrospective cohort study which found that asthma education increased the

228 The authors of this

likelihood of a subsequent ED visit in patients admitted for asthma.
study concluded that beneficial effects of asthma education may be obtained when selecting
patients with histories of frequent utilization.””® There is also possible that the paradoxical
increase in subsequent ED visits is related to increased parental anxiety and misinterpretation
of asthma symptoms, both leading to unnecessary ED visits. Even if these children would be
discharged with simple reassurance and no treatment, the ED visit would be considered an
exacerbation in our study. Indeed, a previous study showed that parental anxiety greatly
influences the decision of parents to seek pediatric asthma care in the emergency

department.**’

Currently, it seems reasonable to reserve asthma education and specialized care to
those appearing to need it, where it has a strong beneficial effect, consistent with that observed
in efficacy trials. Yet, it appears worthwhile, for standardization purposes, to better identify
those in need for asthma education and specialized asthma care and to investigate means to
improve attendance to these services following the index ED visit, as only 65% of those

referred attended their AEC appointment.

6.3 Secondary outcomes

The main interest of performing the analyses of the secondary outcomes was to better
adjust for prior asthma control by including SABA use (most sensitive marker of control) and
OCS use to health care resources utilization (ED and hospital admission), which was not
possible without drug claims coverage. Of note, the subgroup of children in whom drug claims
data were available (35% of the main cohort) and the main cohort had similar baseline
characteristics, except for an overrepresentation of lower socioeconomic levels in the
subcohort. This was expected because beneficiaries of the public drug plan are children whose
parents do not have access to private drug insurance though their employment or are

beneficiaries of last-resort financial assistance.
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In the drug claim subcohort (n=432 in total, 414 with complete data), our results
showed that only the combination of asthma education with specialist care was associated with
a statistically significant decreased risk of subsequent OCS use and poor asthma control (not
well controlled/very poorly controlled). Neither individual nor combined exposure to AEC and
SAC had a statistically significant effect on subsequent SABA use, which is not likely an issue
of statistical power since the effect size was close to 1 and the confidence intervals were small
for all exposure groups. These observations would suggest that SAC is crucial for the optimal
selection of the personalized written action plan and mediation prescription while AEC is
essential to ensure adequate self-monitoring and guided self-management skills. However,
achieving optimal asthma control requires regular medical follow-up and asthma education to
achieve sustained asthma controller use and environmental control, a status that is usually

obtained with more than a single encounter.

Although individual exposure to AEC and SAC did not have a statistically significant
impact on subsequent OCS use, there is a trend towards protective effect of these interventions
on this secondary outcome. Given that the effect sizes of the individual exposures had the
same direction and similar magnitude in the main cohort and the subcohort, the non-
statistically significant effect size of asthma education alone on the subsequent OCS use could
be related to insufficient statistical power, given the low sample size of the subcohort and the
large confidence interval of the effect size. For the same reasons, there seems to be a small
trend of a small protective effect of the individual exposures on reduced risk of subsequent
poor asthma control. Collectively, these results attest to the essential synergy of the
interventions and suggest that both interventions are required for the strongest protection

against subsequent morbidity.

6.4 Exploratory outcome

The use of inhaled corticosteroids was analyzed during the second 6-month follow-up
period in the patients from the subcohort who had at least one ICS prescription claimed
(n=258, 60% of the subcohort). We aimed to explore whether individual and combined
exposure to asthma education and specialized care were associated with better use of asthma

controller medications compared to none of the interventions. The difference in median ICS
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use measured by the Proportion of Days Covered (PDC) among the exposure groups was not
statistically significant in the crude (unadjusted) exploratory outcome analysis, but further
analyses with adjustment for confounding variables and covariates would be required to

confirm these findings.

Only one previous study of the impact of asthma education in combination with
specialized care on subsequent ICS use was found, reporting beneficial effects on this outcome
at 6 months following study entry."”' In contrast, our findings are in accordance with three
previous studies reporting no significant impact of asthma education alone on ICS use in the

year following study entry.'*®1%%23

However, one of these studies reported beneficial effects
of asthma education alone on ICS use when measured on a shorter delay, namely at 6 months
following study entry."®® No previous studies examining the impact of specialized care alone
on subsequent ICS use were found. Although further research is required to confirm the
individual and combined effectiveness of AEC and SAC on controller medication use, the
previous studies collectively suggest asthma education with or without specialized care may
be effective to improve ICS use in the short term. Of note, rapid decreases in adherence to
prescribed ICS have been reported following an ED visit in several studies from 90% on day 1
to 50% on day 14,” and in ICS claim rates from 89% within the first 30 days to 34% during
day 31 to 60.>' Therefore, the low PDC of ICS observed during the 7 to 12 months of follow-

up may be in part explained by the expected decrease in ICS adherence and thus use,

following an index ED visit or following medical visit.

6.5 Limitations

We acknowledge several study limitations.

6.5.1 Timing of the intervention exposures

It is important to take into account that, in real-life conditions, patients may not be
referred to AEC and SAC at the index exacerbation, but at a subsequent medical encounter.
Therefore, for patients receiving AEC and/or SAC during the last months of the follow-up
period, there may not have been sufficient follow-up time to study the individual and

combined impact of the interventions.
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Furthermore, most randomized controlled trials included in the 2009 Cochrane review
of the impact of asthma education with or without medical follow-up and other self-
management components reported attendance rates of at least 70%.'" However, patient-related
factors (misbeliefs about the need for asthma education,''’ perception that ED care is

sufficient for the management of asthma'®

) and provider-related factors (long waiting
times,'** limited hours of operation,'*' lack of access to specialty care'”) are constraints that
could delay access to asthma education and specialty care and may explain the lower rates of
attendance to AEC and SAC observed in real-life. Thus, the observed beneficial effect of AEC
with and without SAC may thus represent a conservative estimate of their maximal potential

impact had these services been used more rapidly following the index acute care visit.

6.5.2 Survival bias

We acknowledge the inherent survival bias related to the use of a Cox proportional
hazards model. Survival bias refers to the artificial survival advantage associated with the
exposure of interest due to the fact that patients need to remain event free in order to be

: 232
classified as exposed.

As a consequence of this inherent survival bias, the hazard ratios
associated with the exposures of interest may be underestimated. However, similar effect sizes
or trends were found for the individual and combined impact of AEC and SAC on the

secondary outcomes, which were not subject to survival bias.

6.5.3 Information bias

First, misclassification of asthma education exposure may have taken place if children
received asthma education outside of the Montreal Children’s hospital, resulting in
information bias. Considering that 9 out of 10 pediatric patients receive their asthma care at
their main institution,” this misclassification would have affected approximately 10% of our
cohort. If this misclassification took place, the beneficial effects of AEC alone or in

combination with SAC would have been underestimated.

Moreover, we only had access to information about asthma specialist visits
remunerated by fee-for-service by the RAMQ in the province of Quebec in addition to those

made to the AC of the MCH, where we had complete data irrespective of remuneration
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scheme. As a consequence of this, patients who received specialized asthma care by
physicians with other types of remuneration schemes in other institutions may have been
misclassified. Considering that 77% of specialists were remunerated on fee-for-service
scheme in Quebec between 2000 and 2009,°* this misclassification may only affect the

expected small proportion of patients seen by specialists outside of the MCH.

Furthermore, in the subgroup of patients with drug claims data, we assumed that all
drugs dispensed were used until the next service; but it is possible that patients have claimed
the ICS medications from the pharmacy but not used them completely or at all (lost, expired,
forgotten). However, the impact of this would be non-differential (i.e., it would affect the
exposure groups in a similar way), overestimating the ICS use in patients who actually did not
consume the ICS medications completely or at all, but without a systematic bias. The same
applies to SABA and OCS use, as one cannot use a drug that has not first been dispensed.
Indeed, previous studies have reported that OCS prescriptions received during an ED visit are
only filled by 40%>** of to 60%° of children in the month following discharge. Consequently,
the use of drug claims from pharmacy records over medical records of prescription was a clear

advantage of our study design, resulting in a better ascertainment of potential use.

Only AEC and SAC exposures that took place within the initial 6 months were taken
into account in the analyses of the secondary and exploratory outcomes. For these analyses,
children who received any exposures in the 7 to 12 months of follow up (which represent 20%
of the subcohort) would have be misclassified as part of the control group, thus contributing to

an underestimation of effect.

6.5.4 Residual confounding

Our primary and secondary outcome analyses were adjusted for potential confounder
variables that were available in the hospital and governmental databases. However, residual
confounding may still be present in our results since we were unable to adjust for some
demographic, family and clinical variables that have been associated with the risk of a
subsequent ED visit in other studies, such as lung function, asthma severity, obesity, race,
frequency of asthma symptoms, asthma knowledge, and home/outdoor irritant or allergen

exposure. Had we been able to include these variables, our estimates of the effect of the

98



exposures would be have been more precise. Future studies should also include other variables
related to socioeconomic status, such as parental education level, income and tenant status,
which have been shown to be important determinants of asthma exacerbations even when
children have free access to health care services.®’ Furthermore, including information
regarding the levels of ambient air pollutants in patients’ residential areas™’ as covariates in
future studies would also provide more precise estimates of the effects of asthma education

and specialized asthma care.

6.5.5 External validity

The results of the present study may not be generalized to other populations in terms of
person, time and place. The results of the main outcome analysis are representative of the
residents of Quebec (Canada), who benefit from free-of -charge medical visits, medical tests,
hospitalizations, and asthma education sessions at the AEC. Therefore, these findings are not
necessarily generalized to other countries where there are greater disparities in access to
healthcare services. Moreover, secondary outcomes and exploratory analysis were performed
in the subcohort of children covered by the public drug plan, whose parents were self-
employed, beneficiaries of social assistance or whose employers did not offer drug insurance.
Therefore, in theory, the drug data findings may not apply to children with higher
socioeconomic status, as we observed an overrepresentation of children of lower status in this
subcohort, as evidenced in the table of characteristics. However, the effect sizes of the main
outcome were similar in the study cohort and the subcohort (except for AEC alone), reflecting

the robustness of our findings irrespective of the distribution of socioeconomic status.

By design, our cohort study was retrospective and covered 2000 to 2007. Although, the
Canadian Asthma guidelines released in 1996, 2005, 2012 and 2015 consistently highlighted
the importance of daily controller medication, their emphasis on asthma education and early
controller therapy had increased over the years such that the management patterns may have
improved ever since. Therefore, our findings may not be reflective of the current impact of
individual and combined exposure to asthma education and specialized asthma care that may

be mediated in part via better patient use of controller medications.
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6.6 Implications for clinical practice

In our retrospective study, the greatest protection against a subsequent ED visit was
obtained when both asthma education and specialized care were provided in children referred
to the AEC following an emergency department visit for an asthma/asthma-like condition.
Moreover, only exposure to both interventions was effective in reducing subsequent risk of
poor asthma control and oral corticosteroids use. We thus conclude that it seems reasonable to
consider concurrent referral to specialized care whenever children are referred to the AEC.
Given the low real-life attendance to asthma education and specialized asthma care following
an ED visit, priority should be given to finding ways to improve attendance to both of these

services in children referred to the AEC.

6.7 Implications for future research

First, the low referral rate to the Asthma Education Centre in children presenting to the
emergency department for an asthma/asthma-like condition (12.4%=1233/9960) and the
strong effectiveness of receiving both interventions in protecting against subsequent
emergency visits in children referred to the AEC highlights the need to better identify the
characteristics of the high-risk children who would benefit the most from asthma education
and specialized asthma care. Second, prospective studies with a larger number of patients
exposed to the interventions should be performed to better understand the mechanism
conferring the effectiveness of asthma education and specialized care, taking into account the
appropriateness of the prescription, and exploring the critical time period at which the

interventions are the most effective.

Three studies could be undertaken to address these objectives. The first study would
be an effectiveness study (perhaps using the same cohort as ours) to identify the determinants
of subsequent ED wvisits in a larger group of children presenting to the ED for an
asthma/asthma-like exacerbation. This would allow us to identify the characteristics of
children at high risk of ED relapse in real life and provide insights about which children would

benefit the most from asthma education and specialized asthma care.
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Once identified, the group of high-risk children would be randomly allocated in a 1:1:1
ratio to receive the interventions (AEC only, SAC only, both AEC and SAC or none) prior to
discharge in a second study (a randomized controlled trial). Access to the provincial database
of prescriptions claimed by patients with a private as well as public drug insurance would
allow us to determine the impact of the interventions on subsequent medication use in patients
from all socioeconomic levels. The outcomes of interest would include emergency visits,
hospital admissions, rescue medication use (OCS and SABA) and use of controller

medications by using different measures of adherence.

A third study would be a randomized controlled trial including a sufficiently large
number of high-risk children receiving the interventions (AEC only, SAC only, both AEC and
SAC or none) at different time periods from the index ED visit. This would allow us to

identify the critical time period at which the interventions provide the greatest protection.

Future studies should also take into account the number of AEC or SAC visits, which
would provide more precise estimates of the effects of these exposures. Indeed, it is likely that

the impact of asthma education and specialized care depends on the number of visits received.
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Conclusion

This thesis provides solid evidence of the beneficial real-life impact of asthma
education offered at the Asthma Education Centre (AEC) with and without specialized asthma
care (SAC) in children referred to the AEC following an emergency visit for an
asthma/asthma-like exacerbation, with an effect size in the same order as that observed in
randomized controlled trials. In our study cohort, combined exposure to AEC and SAC
offered the greatest protective effects against subsequent morbidity. To our knowledge, this is
the first study to evaluate simultaneously the individual and combined impact of asthma

education and specialized asthma care in the real-life pediatric setting.

Our findings support an approach consisting of the combination of asthma education
and specialized asthma care for clinical management in children presenting to the ED and
deemed in need of asthma education. Moreover, our findings constitute a solid basis to plan
future real-life effectiveness studies and randomized controlled trials to further improve care

of children discharged from the ED following an acute asthma/asthma-like exacerbation.
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2009-206, 2779 Impact de la référence systématique des enfants avec une crise d'asthme au Centre
d'enseignement sur l'asthme (CEA) et/ou au Centre d'asthme, sur ['utilisation des services de santé et
'adhérence aux médicaments antiasthmatiques prescrits

Co-chercheurs : Francisco Noya; Lucie Blais

Bonjour,

Les membres du comité restreint du Comité déthique de la recherche du CHU Sainte-Justine ont examiné votre demande de
renouvellement de lapprobation éthique de votre projet cité en rubrique a leur réunion du 15 février 2017. Lapprobation
éthique de votre projet a été renouvelée par le Comité en date du 15 février 2017 et le document suivant a été approuvé :

¢ Protocole de recherche non daté

Tous les projets de recherche impliquant des sujets humains doivent étre réévalués annuelement. La durée de votre
approbation sera effective jusquau 15 février 2018. Il est de votre responsabilité de soumettre une demande au comité
pour que lapprobation éthique soit renouvelée avant la date dexpiration. Il est également de votre responsabilité daviser le
comité dans les plus brefs délais de toute modification au projet et/ou de tout événement grave et inattendu susceptible
d’augmenter le niveau de risque ou d’influer sur le bien-étre du participant.

En vous souhaitant une bonne poursuite de votre projet,

Carolina Martin
Conseillére en éthique,
Comité d'éthique de la recherche
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‘ \ Le centre hospitalier
universitaire mére-enfant
Université fu‘l
de Montréal

Le 14 février 2018

Docteure Francine Ducharme
CHU Sainte-Justine

Objet Renouvellement de ['approbation éthique - CER

2009-206, 2779 Impact de la référence systématique des enfants avec une crise d'asthme au Centre
d'enseignement sur l'asthme (CEA) et/ou au Centre d'asthme, sur ['utilisation des services de santé et
I'adhérence aux médicaments anti-asthmatiques prescrits.
Co-chercheurs: Lucie Blais; Francisco Noya

Docteur,

Les membres du comité restreint du Comité déthique de la recherche du CHU Sainte-Justine ont examiné votre demande de
renouvellement de lapprobation éthique de votre projet cité en rubrique a leur réunion du 07 février 2018. Lapprobation éthique de
votre projet a été renouvelée par le Comité en date du 07 février 2018 et le document suivant a été approuveé :

o Protocole de recherche non daté

Tous les projets de recherche impliquant des sujets humains doivent étre réévalués annuellement. La durée de votre approbation sera
effective jusquau 07 février 2019. Il est de votre responsabilité de soumettre une demande au comité pour que lapprobation éthique
soit renouvelée avant la date dexpiration. Il est également de votre responsabilité daviser le comité dans les plus brefs délais de toute
modification au projet et/ou de tout événement grave et inattendu susceptible d’augmenter le niveau de risque ou d’influer sur le
bien-étre du participant.

En vous souhaitant une bonne poursuite de votre projet,

Carolina Martin
Conseillére en éthique,
Comité d'éthique de la recherche

NAGANQ® CHUS- Renouvellement de 'approbation éthique L
. semiveb.ca 3175, Cote Sainte-Catherine, Montréal (Québec) H3T 1CS Tél. 514-345-4730 ethique(@recherche-ste-justine.qc.ca

il



e
-
C‘) CHU Sainte

I\

-Justine

Le centre hospitalier
universitaire mére-enfant

Université I'u‘l

de Montréal

Le 13 féwrier 2019

Docteure Francine Ducharme
CHU Sainte-Justine

Objet

Renouvellement de ['approbation éthique - GR

2009-206, 2779 Impact de la référence systémetique des enfants avec une arise dasthme au Centre denseignement surf
|'asthme (CEA) et/ou au Centre dasthme, sur ['utilisation des services de santé et |'adhérence aux médicaments anti-

asthmatiques prescrits.

Co-chercheurs: Francisco Noya; Lucie Blais

Docteure,

Les merbres du coité restreint du Conité déthique de la recherche du CHU Sainte-Justine ont exarriné votre dermande de renouvellenrent
de lapprobation éthique de votre projet cité en rubrique a leur réunion du 06 féwrier 2019. L'approbation éthique de votre projet a été
renouvelée par le Comité en date du 06 féwrier 2019 et le documrent suivant a été approuve:

o Protocole de recherche non daté

Tous les projets de recherche inpliquant des sujets humains doivent étre réévalués annuellerrent. La durée de votre approbation sera
effective jusquau 06 février 2020. Il est de votre responsabilité de sounettre une demande au corité pour que lapprobation éthique soit
renouvelée avant la date dexpiration. Il est égaement de votre responsabilité daviser le comité dans les plus brefs délais de toute
modification au projet et/ou de tout événement grave et inattendu susceptible d’augmenter le niveau de risque ou d'influer sur le bien-étre
du participant.

En vous souhaitant une bonne poursuite de votre projet,

Carolina Martin
Conseillére en éthique,
Comité d‘éthique de la recherche

NAGANQE® CHUS)- Renouvellement de I'approbation éthique
w.semiveb.ca

3175, Cote Sainte-Catherine, Montréal (Québec) H3T 1C5 Tél. 514-345-4730 ethique@recherche-ste-justine.qe.ca
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Appendix I1. Hospital diagnostic codes

Asthma and asthma-like hospital diagnostic
codes

0403 Asthma/reactive airway disease
0437 Asthma and Otitis

0438 Asthma and pneumonia

0442 Allergic rhinitis and asthma
0405 Bronchiolitis

0406 Bronchitis

0407 Bronchospasm




Appendix III. Preliminary analyses of diagnostic codes

1. Global concordance between diagnostic codes from the RAMQ medical services

database and the hospital ED visits database

The following analyses were performed in the 16,016 children aged 0 to 17 years old who had
an index ED visit with a valid (non-missing) ICD-9 diagnostic code between 2001-01-01 and
2006-12-31.

The following diagnostic codes were used:

Eligible ICD-9 diagnostic codes from the RAMQ medical services database

-asthma (ICD-9: 493)

If>1 year old :

-acute bronchiolitis (ICD-9: 466.1)

-bronchospasm (ICD-9: 519.1)

-acute bronchitis (ICD-9: 466.0) or bronchitis not specified as acute or chronic (ICD-9:
490.9)

Eligible hospital diagnostic codes

-asthma (0403, 0437, 0438, 0442)
If>1 year old :

-bronchiolitis (0405)
-bronchospasm (0407)
-bronchitis (0406)

Results:

-Of the 8599 patients with an index ED visit with an eligible hospital diagnostic code, 73%
also had an eligible ICD-9 diagnostic code

-Of the 6642 patients with an index ED visit with an eligible ICD-9 diagnostic code, 94.4%

also had an eligible hospital diagnostic code
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2. Predictive value analysis

The following table shows the proportion of patients aged 1 to 17 years old who experienced
subsequent medical visit with an asthma diagnosis (ICD-9: 493) in the year following an index

ED visit with an asthma-like diagnosis.

Asthma-like diagnosis code at the index Results

ED visit

acute bronchiolitis (ICD-9: 466.1) 42% of patients (360/854) experienced a

n=854 medical visit with an asthma diagnosis

(ICD-9: 493) in the subsequent year

bronchospasm (ICD-9: 519.1) 61% of patients (127/210) experienced a
=210 medical visit with an asthma diagnosis

(ICD-9: 493) in the subsequent year

acute bronchitis (ICD-9: 466.0) or 53% of patients (38/72) experienced a
bronchitis not specified as acute or medical visit with an asthma diagnosis
chronic (ICD-9: 490.9) (ICD-9: 493) in the subsequent year
n=72
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Appendix IV. Complete Cox proportional hazards model

for the main outcome in the unselected cohort

n=9399
Variable Hazard Ratio (95% CI)
DEMOGRAPHICS
Intervention exposure
AEC and SAC 1.21 (0.99-1.48)
AEC only 1.47 (1.17-1.84)
SAC only 1.09 (0.95-1.24)
none reference
Male sex 1.03 (0.96-1.11)
Age at index ED visit 0.91 (0.90-0.93)
Age*time 1.00 (1.00-1.00)

Pampalon material deprivation index

1* quintile (most privileged)

reference

2" or 3" quintile

1.39 (0.95-2.05)

2" or 3" quintile *log(time)

0.92 (0.85-1.00)

4™ or 5™ quintile

1.12 (1.01-1.24)

Pampalon social deprivation index

1* quintile (most privileged)

reference

2" or 3" quintile

1.02 (0.92-1.12)

4™ or 5™ quintile

1.05 (0.97-1.14)

MORBIDITY IN THE PRECEDING 12
MONTHS

Atopy

1.29 (1.16-1.45)

Atopy *(time)”

1.00 (1.00-1.00)

1 asthma/asthma-like ED visit

1.35 (1.15-1.59)

1 asthma/asthma-like ED visit *(time)

1.00 (1.00-1.00)

>2 asthma/ asthma-like ED visit

2.89 (2.46-3.41)

1 or more Hospital admissions

1.12 (0.93-1.34)

INDEX ED VISIT CHARACTERISTICS

Diagnosis

asthma 1.07 (0.97-1.18)
asthma-like reference
Season

winter 1.31 (1.18-1.45)
spring 1.24 (1.10-1.40)
fall 1.17 (1.06-1.29)
summer reference

Canadian Triage and Acuity Scale

Triage 1-2 (most urgent)

2.15 (1.88-2.47)
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Triage 3

1.55 (1.31-1.82)

Triage 3 *(time)

1.00 (1.00-1.00)

Triage 4-5 (less urgent) reference
Disposition

Hospital admission 1.06 (0.97-1.17)
Discharge reference
FOLLOW-UP SEASON

winter 0.95 (0.85-1.05)
spring 0.59 (0.52-0.66)
fall 1.36 (1.23-1.49)
summer reference
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Appendix V. Complete Cox proportional hazards model

for the main outcome in patients with an alternative

definition of asthma

n=699
Variable Hazard Ratio (95% CI)
DEMOGRAPHICS
Intervention exposure
AEC and SAC 0.41 (0.31-0.55)
AEC only 0.77 (0.57-1.03)
SAC only 0.84 (0.58-1.20)
none reference
Male sex 0.97 (0.79-1.19)
Age at index ED visit 0.92 (0.88-0.95)
Age*time” 1.00 (1.00-1.00)

Pampalon material deprivation index

1* quintile (most privileged)

reference

2" or 3" quintile

0.87 (0.66-1.15)

4™ or 5™ quintile

0.81 (0.62-1.06)

Pampalon social deprivation index

1* quintile (most privileged)

reference

2" or 3" quintile

0.84 (0.61-1.16)

4™ or 5™ quintile

0.91 (0.73-1.13)

MORBIDITY IN THE PRECEDING 12
MONTHS

Atopy

1.53 (1.21-1.94)

1 asthma/asthma-like ED visit

1.20 (0.94-1.52)

>2 asthma/ asthma-like ED visit

2.21 (1.54-3.16)

1 or more Hospital admissions

1.11 (0.74-1.67)

INDEX ED VISIT CHARACTERISTICS

Diagnosis

asthma 0.95 (0.67-1.36)
asthma-like reference
Season

winter 1.19 (0.89-1.58)
spring 1.65 (1.14-2.40)
fall 1.18 (0.89-1.56)
summer reference

Canadian Triage and Acuity Scale

Triage 1-2 (most urgent)

2.14 (1.18-3.86)




Triage 1-2 *(time)

1.00 (1.00-1.00)

Triage 3 1.29 (0.79-2.12)
Triage 4-5 (less urgent) reference
Disposition

Hospital admission 0.47 (0.37-0.60)
Discharge reference
FOLLOW-UP SEASON

winter 1.01 (0.75-1.34)
spring 0.63 (0.45-0.88)
fall 1.39 (1.06-1.82)
summer

reference
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Appendix VI. Complete Cox proportional hazards model
for the main outcome in the subcohort covered by the
public prescription drug plan

n=414

Variable Hazard Ratio (95% CI)
DEMOGRAPHICS

Intervention exposure

AEC and SAC 0.30 (0.19-0.47)
AEC only 0.58 (0.37-0.90)
SAC only 0.96 (0.60-1.54)
none reference
Male sex 0.94 (0.72-1.23)
Age at index ED visit 0.93 (0.89-0.97)
Pampalon material deprivation index

1* quintile (most privileged) reference

2" or 3 quintile 1.37 (0.88-2.13)
4" or 5™ quintile 1.18 (0.78-1.79)
Pampalon social deprivation index

1* quintile (most privileged) reference

2" or 3" quintile 0.85 (0.57-1.26)
4" or 5™ quintile 0.89 (0.67-1.20)
MORBIDITY IN THE PRECEDING 12
MONTHS
Atopy 1.02 (0.75-1.39)
PPACI in the preceding 6 months

PPACI 1 (controlled) reference
PPACI 2 (partly controlled) 0.93 (0.59-1.47)
PPACI 3 (not well controlled) 1.17 (0.88-1.55)
PPACI 4 (very poorly controlled) 1.09 (0.60-1.99)
INDEX ED VISIT CHARACTERISTICS
Diagnosis

asthma 0.69 (0.49-0.99)
asthma-like reference
Season

winter 1.09 (0.74-1.60)
spring 1.88 (1.17-3.01)
fall 1.62 (1.16-2.24)
summer reference
Canadian Triage and Acuity Scale

Triage 1-2 (most urgent) 0.70 (0.12-3.97)
Triage 1-2 *log(time) 1.16 (0.78-1.74)
Triage 3 0.49 (0.26-0.93)
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Triage 3 *(time)

1.01 (1.00-1.01)

Triage 4-5 (less urgent) reference
Disposition

Hospital admission 0.42 (0.31-0.57)
Discharge reference
FOLLOW-UP SEASON

winter 1.38 (0.96-1.98)
spring 0.96 (0.63-1.48)
fall 1.47 (1.02-2.11)
summer

reference
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Appendix VII. Distribution of the number of ED visits per
patient in the 12 months preceding and the 12 months

following the index ED visit

Intervention exposure

AEC and SAC AEC only SAC only None
n=563 n=234 n=97 n=339
Number of No 440 (78.15%) 192 (82.05%) 81 (83.51%) 272 (80.24%)
ED visits in ED
the 12 visit
previous 1 ED 98 (17.41%) 34 (14.53%) 12(12.37%) 52 (15.34%)
months visit
2 ED 25 (4.44%) 8 (3.42%) 4 (4.12%) 15 (4.42%)
visits
Intervention exposure
AEC and SAC AEC only SAC only None
n=563 n=234 n=97 n=339
Number of No 223 (39.61%) 91 (38.89%) 35 (36.08%) 153 (45.13%)
ED visits in ED
the 12 visit
subsequent | 1 ED 146 (25.93%) 65 (27.78%) 32 (32.99%) 90 (26.55%)
months visit
2 ED 194 (34.46%) 78 (33.33%) 30 (30.93%) 96 (28.32%)

Visits
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