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Abstract

Objectives: (1) to determine the benefit of intravenous B,-agonists (IVB) for
emergency department (ED) treatment of severe acute asthma; (2) to determine
characteristics of patients treated with parenteral B,-agonists (PB) for acute
asthma in Multicenter Asthma Research Collaboration (MARC) EDs.

Methods: (1) meta-analysis of the IVB literature; (2) MARC prospective cohort
study in 77 North American EDs where acute asthmatics, aged 2-54, were
interviewed in the ED and again by telephone two weeks later.

Results: (1) IVB use did not lead to any significant differences in pulmonary
functions, laboratory measures, or clinical success. (2) 5% of the 3031 MARC
patients received PB therapy (all subcutaneous, no IVB) which was associated
with more severe acute and chronic asthma characteristics, more ED multi-drug
treatment; and higher admission rates.

Conclusions: Evidence is lacking to support the use of IvB in ED patients with

severe acute asthma. North American PB use is rare.

Word Count: 149



Preface

The thesis is presented in the paper format. It comprises an introductory
chapter, two related research papers, and a concluding chapter. Each chapter
is presented with its own introduction, body of text, conclusion and set of
references. Chapters Two and three of this thesis have been written with the

intention that they will be submitted for publication.
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SECTION 1.1 INTRODUCTION

Asthma is a chronic respiratory disease characterized by airway
hyperreactivity, and variable degrees of reversible airflow obstruction (both
partial and complete) in response to a variety of specific and nonspecific
triggers.” Current pathophysiological paradigms emphasize the role of
tracheobronchial inflammation in the pathogenesis of this disease, which, in
conjunction with smooth muscle mediated bronchoconstriction and intraluminal
mucous, results in airflow obstruction."® The spectrum of symptomatology is
diverse and may fluctuate with acute episodes interrupting periods of relative
stability.> Fortunately, most patients do .not have debilitating disease, and
instead have their symptoms easily controlled with a limited number of
medications and education.* However, in others the disease confers a daily
affliction of daily breathlessness and persistent functional impairment, similar to
those patients burdened with emphysema and fixed airflow limitation."

Clinical presentations of asthma are the result of airway reactivity, which
is normally distributed in the population. At one end of the spectrum are
individuals who never manifest airway reactivity to any trigger. This is followed
sequentially by those people who need major irritants to precipitate an airway
response; those who have episodic symptoms and respond cnce or twice a
.year to common irritants (e.g. viruses, pollen, etc.); and those who have
persistent symptoms requiring regular medical care and avoidance of

environmental triggers.

All patients with asthma are at risk of developing a severe asthma attack
which places them at risk of respiratory failure and death. Whereas some
patients develop sudden and unexpected increases in airflow obstruction



resulting primarily from bronchial smooth muscle-mediated spasm, others follow
a more gradual course of airway inflammation and mucous production.’
Successful therapy in this condition lies in respecting the potential for the
devastating consequences of the disease.



SECTION 1.2 DEFINITION

Definition of Asthma

One of the pervading difficulties in asthma education, treatment and
research is the widely different definitions ‘of the disease itself.® The American
Thoracic Society (ATS) defines asthma as a chronic disorder of the airways
characterized by paroxysmal or persistent symptoms (dyspnea, chest tightness,
wheeze, and/or cough), with variable airflow limitation and airway hyper-
responsiveness to a variety of stimuli.”® This reflects a functional/physiological
approach where the ‘asthma definition’ has been broadened to include
spontaneous fluctuations in severity, a paroxysmal nature to symptoms, and a
temporal relief with bronchodilators and steroid treatment.”®? However, the
various pathophysiologic mechanisms and clinical manifestations make it
difficult to formulate a clear cut definition. The difficulty is magnified in children
because of the overlap of symptoms with other respiratory disorders (i.e.
bronchitis, bronchiolitis), and limitations of diagnostic tools in this group.®'™
Other investigators have attempted to define asthma in clinical (recurrent
wheezing)®, immunologic (allergic vs. nonallergic)'™, or descriptive terms.""

Regardless of the definition, a designation of ‘mild’, ‘moderate’, and
'severe' can be used to classify severity of asthma exacerbations.'®'* These
definitions are based on history and clinical presentation, some form of airflow
measurement, and response to therapy (this is discussed further in Section 1.4).
The term “status asthmaticus” characterizes those attacks in which the degree of
bronchial obstruction is either severe from the onset or worsens rapidly, and is
not relieved by usual therapy in 30 to 60 minutes. The term “refractory status
asthmaticus” has been coined and describes those cases in which the patients
condition continues to deteriorate despite aggressive pharmacological

interventions."



SECTION 1.3 THE EPIDEMIOLOGY OF ASTHMA

1.3.1 Prevalence of Asthma
Asthma comprises a significant burden of disease worldwide with
traditional estimates that place asthma in 1.5 to 7.0% of the total population in

i Many researchers claim that variations in the

developed countries.
definition of asthma over time and between countries, coupled with the different
denominators used in population estimates (number of asthma cases per either
total population size, or number of emergency depantment visits, etc.), make any

estimate of incidence or prevalence inaccurate.'*'8

A 1995-96 survey of Canadian students aged 5-19 demonstrated a
prevalence of approximately 13% (diagnosed by physician, or within the past
12 months had asthma symptoms or had taken asthma medications).” In
addition over 3% of students had ‘non-current asthma’, and 21% had asthma-
like conditions in the previous 12 months'. At the same time, this survey
demonstrated regional variation across provincial boundaries: 10% in cities
such as Sherbrooke and Saskatoon, and 16%, 17%, and 18% in Kingston,
Halifax, and Prince Edward Island respectively.’® Through other surveys the
prevalence of asthma in adult Canadians is estimated to be approximately 5-
704).20.21

Asthma is a common emergency department (ED) presentation in North
America. For example, acute asthma accounts for approximately 1.5-2.0 million
ED visits and 460,000 hospitalizations in the US annually?*®, together costing
-at least $2 billion per year.*® In Canada, acute asthma care both in the ED and
inpatient wards is responsible for over 300 million dollars in direct health care
costs.*® Approximately 10-20% of patients presenting to the ED will require
admission to the hospital.®

In summary, despite the varied asthma definitions and methodological
criticisms about the epidemiologic studies of asthma, the evidence suggests



that the burden of disease is significant and increasing.'*'®%¢*  Further
methodologically strong studies are required before more accurate estimates of
asthma prevalence will emerge.

1.3.2 Prevalence of Severe Acute Asthma

The literature demonstrates an increasing trend in morbidity and mortality
over the past 15 years for both pediatric and adult patients.?®*?%*2 The trend of
fatal cases appears stable in developing countries such as Canada, Sweden,
Wales, and West Germany®, with unstable and higher rates (10 to 20 times) in
Australia and New Zealand.*** Plausible explanations for these increased
death rates include:

e An over-reliance on bronchodilators at expense of anti-inflammatory

agents.**“%4” |t is not clear if worsening of the disease despite PB,-

agonist use reflects progression of disease or drug-related effect' 849

e Increased prevalence or severity of asthma>>*

e Change in physician practice for earlier admission for “flare-ups”, and
decreased outpatient care access®®

» Inadequate perception or denial of degree of iliness by the patient®>*
e Autopsy inaccuracies in assuming causes of death®®

« Identification of sociologic and biologic risk factors®'>%%

¢ Change in ICD-8 and 9 coding reclassifications of the disease'*5'%*

s Possible effects of drug-disease toxicity®*¢'%

¢ Interaction with geographic and environmental effects®%5’

e The bulk of data in Canada are obtained from records of ED visits and

hospital admissions and therefore reflect treatment failures rather
than successes®



In summary, there is unresolved debate whether the international
prevalence of severe acute asthma are stable*® or increasing'; however,
placed in perspective, deaths from asthma exacerbations are fortunately rare.



ASTHMATIC PATIENT

THE SEVERE ACUTE

SECTION 1.4

1.4.1 Historical characteristics of the severe pediatric asthmatic
Death from asthma appears to occur in two clinical situations: [1] new or
mildly affected asthmatic children who experience a sudden, severe
bronchospastic attack resulting in cardiopulmonary arrest®®; and [2] known
steroid dependent children who have poor asthma control, often with previous
history of respiratory failure.” In a simple descriptive study in British Columbia,
Robertson et al interviewed families of 51 patients under the age of 20 who died
from asthma between 1986 and 1989: 33% were judged to have trivial or mild
asthma; and 32% had no previous hospitalizations for asthma.®® In this cohort
of 51 patients, 63% had sudden collapse within minutes of developing dyspnea;
78% died before reaching the hospital; and 25% had acute progression of their
chronic asthma that resulted in death. This work has been supported by others
who found that the final attack rate was less than one hour for 21% of children,
and less than two hours for 50%, with half of the cases dying prior to reaching
the hospital.“>”" Other authors have defined characteristics of children who

suffer severe acute asthma:
e Black and urban children have a higher death rates than white and

suburban children, possibly attributable to economic differences

between the two groups’

e Boys under 15 years of age had 50% higher morbidity than girls*?

e Severe disease characterized by history of prior intubation, hypoxic
seizures, nighttime wheezing, and rapid progression of attacks'

e Severe exacerbations precipitated by foods'

e A lack of perception of severity of attacks, and self weaning of
corticosteroids®?
e Lack of support systems (parental and medical), and psychological

disease including overt depression and manipulative use of asthma

disease’



1.4.2 Historical characteristics of the severe adult asthmatic
Fewer authors have defined characteristics of adults who suffer from
severe acute asthma.

e Typical patients have had recurring attacks, are middle age or older,
with a history of asthma less than 10 years'

» Smokers who require systemic steroids, and comply poorly with
outpatient surveillance attempts3>7375

e Patients with physical indicators of airway instability, namely short

lived relief with inhaled bronchodilators, wide variance in daily
bronchodilator use, worsening of symptoms resulting from viral
iliness, nocturnal symptoms, and/or history of intubation®

e Regular use of B,-agonists appears to diminish the control of asthma,

potentially due to the down-regulation of receptors ¢’

In summary, a number of studies have attempted to identify predictors for
pediatric and adult patients at risk of developing severe or life-threatening
asthma, and these have demonstrated a variety of potential clinical,
physiological, psychological, sociological, and environmental factors."'® These
factors could be classified as modifiable or nonmodifiable characteristics and
were found between the prehospital environment, emergency department, and
inpatient wards.



SECTION 1.5 THE EMERGENCY DEPARTMENT PRESENTATION

1.5.1 ED presentation of the severe acute asthmatic

Patients with severe asthma are typically anxious, breathless, fatigued,
sitting upright in bed, and preoccupied with the task of breathing. A swift and
directed assessment of disease severity and risk for deterioration is critical.
Generally this requires an analysis of the medical history, physical examination,
bedside pulmonary function tests, observation for response to initial therapy,
arterial blood gas measurements and radiographic studies. A multifactorial
analysis is required because no single clinical measurement has been found to
predict outcome reliably.™'® A thorough history is impractical, but focused
historical details can direct therapy, such as: previous similar attacks,
hospitalizations, and intubations.® A rapid progression (less than three hours
from onset to extremis) has been associated with increased risk of near death in
acute asthma.?’®”” Additional history items should include precipitating factors,
allergies, drug use that may have precipitated an attack (i.e. NSAIDs in ASA
sensitive patients) and drug use to prevent an attack (i.e. beta-agonist inhalers,

steroids, etc.).2

The assessment of acute asthma includes the following clinical,
pulmonary function, and laboratory parameters (see Table 1.1).

Table 1.1 Assessment of acute asthma

clinical vital signs & oxygen saturation
level of consciousness
position of patient
cyanosis
retractions
accessory muscle use
wheezing or silent chest
pulsus paradoxus

pulmonary function FEV1
% predicted FEV1
PEFR
% predicted PEFR
laboratory arterial oxygen tension

arterial carbon dioxide tension




It has been consistently shown that the severity of airflow limitation in
patients with asthma correlates poorly with the physical examination and
traditionally assessed vital signs.®® Moreover, physician estimates of PFTs are
inaccurate®, and changes in clinical signs after treatment correlate poorly with
changes in spirometric test results.® When possible, the best PFT value of
three attempts should be recorded, however all asthma consensus groups
recommend withholding PFT testing in either the moribund patient, or those

who appear confused, cyanotic, or exhausted.*8207678

1.5.2 ED classification of mild, moderate, and severe asthma

There are slight variations in the definition of asthma severity as mild,
moderate, or severe. The organizations involved in emergent asthma care in
Canada (CAEP: Canadian Association of Emergency Physicians)®, the USA
(NAEPP: National Asthma Education and Prevention Program)®, and the UK
(BTS: British Thoracic Society)™, all use somewhat different features to define
severity. The definitions for ‘mild’ and ‘moderate’ are summarized in Table 1.2
and 1.3. Tables 1.4 and 1.5 illustrate the variability in the ‘severe’ and ‘pre-
cardiopulmonary arrest’ definitions of asthma. Samples of the guidelines from
which these definitions are cited are found in Appendix 1.1.

In summary, despite slight variations across the three clinical practice

guidelines, each are based on history and clinical presentation, some form of
airflow measurement, and response to therapy.

10
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SECTION 1.6 PATHOPHYSIOLOGY OF ASTHMA

1.6.1 Pathophysiology of severe acute asthma

Asthma is characterized by the triad of airway obstruction, airway
hyperresponsiveness, and airway inflammation with mucous plugging.
Although each have important roles in airway narrowing, no single mechanism
can be shown to be present in all cases of severe asthma’, nor do they all follow
the same sequence of appearance. Through complex inflammatory'*” and
neurohormonal cascades®, two overlapping pathophysiological states emerge:
(1) fixed airflow defects, and (2) reversible airflow defects.®> These are not static
or permanent defects, but instead refer to the relatively dynamic process of
airway obstruction associated with asthma. ‘Fixed airflow defects’ occur when
the degranulation of mast cells and other mediator-releasing inflammatory
cells', results in increased vessel permeability, mucosal edema, fluid
transudation, epithelial desquamation, and increased mucous production.’
‘Reversible airflow defects’ refers primarily to the hyperresponsive contraction of

the smooth muscles that line the airways of the lung.?

Overlaying this model with the therapeutic options explains why early
treatment with bronchodilators may correct ‘reversible airflow defects’, whereas
‘fixed airflow defects’ require anti-inflammatory agents to prevent or ameliorate
the attack. The longer an acute attack persists the more inflammation takes
place, the more hyperreactive the airway becomes, and the more mucous
plugging occurs - thereby accounting for the difficulty encountered by
physicians in controlling longer standing flare ups, and the relatively minor
" stimulus necessary to produce an exacerbation in symptoms.'

Pulmonary function tests (PFTs) in the severe asthmatic show increased
residual volume (RV), FRV, total lung capacity (TLC), and an increased ratio of
RV to TLC. Vital capacity (TLC minus RV) is reduced. Forced expiratory volume
in one second (FEV1, litres) and peak expiratory flow rate (PEFR, litres/min) are
the parameters most frequently studied as outcome measures. Carbon dioxide
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retention often occurs when the FEV1 is less than 25% of predicted (about 0.75
litres).®'  Significant air trapping can lead to mechanical disruption of the
bronchial tree, with air escaping into the pleura (pneumothorax), the
mediastinum (pneumomediastinum), pericardial tissues (pneumopericardium),
subcutaneous tissues (subcutaneous emphysema), or pulmonary veins (air
embolism). Complications of acute asthma can be found in Table 1.6.277

Table 1.6 Complications of acute asthma

Failure of Oxygenation (Type 1) mucus plugging

Failure of Ventilation (Type 2) atelectasis

pneumothorax noncardiogenic pulmonary edema
pneumomediastinum myopathy

pneumopericardium lactic acidosis

subcutaneous emphysema anoxic brain injury

myocardial infarction electrolyte disturbances (hypokalemia,

hypophosphatemia, hypomagnesemia

In summary, the complex pathophysiology of asthma mandates therapy
which both targets key steps in the neuro-inflammatory cascade, and prevents
the serious complications associated with the disease.
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SECTION 1.7 TREATMENT

1.7.1 General Management

Treatment approaches vary between and within emergency departments
across North America, and perhaps, this may be in part the result of a lack of
evidence-based summaries of the research pertinent to this field.

The goals of treatment are to rapidly restore airway diameter, reverse
airflow obstruction, and attenuate the inflammatory cascade which perpetuates
the exacerbation. The treatment strategies for severe asthma are an extension
of the standard therapies for mild and moderate asthma, consisting of
bronchodilators and anti-inflammatory agents augmented mainly in terms of
frequency or route of administration of the medications (see Table 1.7).

Table 1.7 Medical treatment of severe acute asthma

Inhaled Medications oxygen
beta-adrenergic agonists
cholinergic antagonists
steroids

Intravenous Medications beta-adrenergic agonists
steroids
methylxanthines
Magnesium

Subcutaneous Medications beta-adrenergic agonists

1.7.2 Bronchodilator Agents

Beta-adrenergic agents. Beta-adrenergic agents (B-agonists) are effective
in relieving asthma by stimulating sympathetic beta-adrenergic receptors in the
bronchial smooth muscle, thereby effecting bronchodilatation, and protecting
against bronchoconstrictive stimuli.  Although a variety of B-agonists are
available, B,-selective agents are preferred and can be given by inhalation
(nebulization, metered-does inhaler, dry powder), intravenously, endo-
tracheally, or subcutaneously.® The dose of B,-agonists needed to reverse an
exacerbation of asthma cannot be standardized; instead the principle of
cumulative, sequential dosing is followed where clinical success is built upon
the therapeutic effects of previous doses.?® Their role is predominantly in the
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early, bronchospastic phase of asthma. Treatment with B,-agonists prior to
arrival to the emergency department does not preclude successful reversal of
airflow obstruction with continued By-agonist therapy.*® In two recent systematic
reviews, with comparative dosing, aerosol By-agonist therapy administered by
wet nebuliser or metered-dose inhaler are equally effective for acute
asthma.?*® Furthermore, in formal economic reviews, MDI plus spacers when
reliably self-administered without supervision lead to increased cost savings.®

In summary, all consensus statements for asthma management
recommend inhaled B,-agonists as first-line therapy for the management of
acute asthma in the emergency department.?'32°767885 Thg pody of evidence for
this recommendation comes from several randomized clinical trials, in addition
to well-designed cohort and case-control studies, and expert opinion.% 32078
The consensus statements recommend the use of parenteral Bo-agonists when
the inhaled route is impractical - for those patients who are coughing
excessively, too weak to inspire adequately, or who are moribund.?13-2078

Anticholinergic agents. The airway smooth muscle tone is balanced
between sympathetic (bronchodilatation) and parasympathetic (broncho-
constriction and secretagogue) control.® Pharmacological agents that
influence this pathway include the competitive muscarinic antagonists atropine,
ipratropium, and glycopyrolate, all of which cause bronchodilatation and
decreased mucous production. The significant systemic side effects of
cholinergic blockade (tachycardia, urinary retention, confusion) may limits its
use in chronic asthma??, and for acute asthma nebulized ipratropium bromide
has a slower onset of action than Bo.-agonists therapy.?®”® In children, controlled,
double-biind clinical trials demonstrated the combination of ipratropium
bromide with B,-agonists was better than By-agonist alone.?® Consequently,
current CPGs recommend inhaled anticholinergic therapy as an additive to B,-
agonist therapy in the severe cases of asthma®?%’®"8 with possible benefits in

less severe cases.
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Methyixanthines. Conventionally, the therapeutic benefit of methylxanthines
has been ascribed to weak bronchodilatation, however they also interact with
respiratory muscles to reduce respiratory muscle fatigue.®® Aminophylline was
once a mainstay in the management of acute severe asthma, however, based
on many clinical trials, and several systematic reviews®, the weight of evidence
does not support its routine use in the initial phase of asthma treatment. 8132078
In a frequently cited paper, Littenberg conducted a meta-analysis of thirteen
studies and found insufficient evidence for the use of aminophylline in the
emergency treatment of asthma.® Littenberg concluded that aminophylline as a
single agent is less effective than a B,-agonist as a single agent, however no
conclusion could be made regarding aminophylline as an adjunctive agent. As
a consequence, aminophylline is not indicated in the management of acute
exacerbation of asthma that responds to inhaled beta-agonists.?1320-78

With the growing recognition that theophyllines could modulate airway
inflammation in asthma, there is a potential application in the use of these drugs
in a synergistic role with other anti-inflammatory agents.”

1.7.3 Anti-inflammatory Agents

Steroids. Regulation of the inflammatory cascade that accompanies both
early and late phase responses of asthma is paramount to the successful
treatment of the disease. Glucocorticoids have been the particular subgroup of
steroids that have been examined in asthma management. This thesis uses the
current nomenclature of corticosteroids which is commensurate with steroids
and glucocorticoids. The corticosteroids have been shown to have effects at a
‘number of cellular levels, and are considered non-specific anti-inflammatory

agents. Their cellular actions are purported to include:"*7®
o interference with synthesis of inflammatory mediators such as

arachadonic  acid, prostaglandins, leukotrienes, and other
eicosanoids. These agents have a variety of effects including:
vasodilation, bronchoconstriction, chemotaxis, chemokinetics, platelet

activation, etc.
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o prevention of migration and activation of inflammatory cells
e mast cell stabilization

e potential up-regulation of airway smooth muscle beta-adrenergic
receptors '

e promotion of vasoconstriction, reduction of capillary permeability, and
diminution of mucous production

e altered gene expression

Asthmatic exacerbations may be characterized by fast and slow
responses to treatment.?’” Patients presenting to the ED may respond rapidly or
slowly to treatment, and slow responders may represent those patients who
have more inflammation and/or are corticosteroid resistant. The literature
demonstrates that admitted patients (slow responders) respond slowly to
treatment, even when steroids are added.?”®® Fast responders may benefit from
early administration of corticosteroids, possibly due to influences on the Bo-
receptors of the lung and stabilization of the initial inflammatory cells that
perpetuate the inflammatory cascade.‘”sm»

Steroids can be given to the severe asthmatic patient via the inhaled,
oral, intramuscular or intravenous routes. Through clinical trials and systematic
reviews, steroid therapy has demonstrated rapid resolutions of airflow limitation,
decreases in admissions, and decreases in relapses to the emergency
department.®® Based on such evidence, steroid therapy (both therapeutic and
.prophylactic) should be administered as soon as possible after By-agonist

therapy has been initiated in the emergency department.®'320-78

Intravenous steroid therapy has no advantage over oral therapy in terms
of the rate of resolution of airflow obstruction. The parenteral route is preferred
when the patients are unable to absorb an oral dose (e.g. because of vomiting)
or unable to take an oral medication (e.g. the patient who is too breathless to
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swallow and the patient who is intubated).?'**® The benefits of inhaled steroids

in severe, acute asthma remains to be determined.

1.7.4 Alternative Therapies

There have been a variety of interventions reported in the literature which may
be added to first-line therapy with traditional agents. These include:
intravenous magnesium® inhalational anaesthetics’; intravenous ketamine'?;
helium oxygen mixtures®®'; and non-invasive positive pressure ventilation.77-%
Current CPG’s variably list these alternative therapies for those ‘severe’ and
‘life-threatening’ cases that are failing first-line treatments. 832078
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SECTION 1.8 SUMMARY

This brief review has highlighted the varying definitions of asthma; the
increasing prevalence of severe disease; and the treatment options for severe
acute asthma. The chapter has concentrated on the fundamental principle of
rapid patient assessment, combined with decisive measures to treat
bronchoconstriction, hypoxemia, and to reverse airway inflammation. The
emphasis on breaking the bronchospasm has lead to the use of B,-agonists in
many forms. We have clear evidence for the efficacy of the inhaled route, but
we are less clear about the efficacy of parenteral agents. Despite the
publication of previous overviews dealing with the use of steroids'?®,
aminophyliine®, ipratropium bromide®* and inhalers vs. nebulizers®, no
systematic review of the intravenous B,-agonist literature for the treatment in

asthmatic exacerbations has been published to date.

Chapter Two evaluates the clinical evidence for the use of intravenous
Bo-agonists in the treatment of patients with severe acute asthma exacerbation’s
that present to the emergency department. Chapter Three examines the current
prevalence and patient characteristics of intravenous and subcutaneous pB,-
agonist use in North America. Chapter Four summarizes the implications for
both clinical practice and research with respect to intravenous ps-agonist

therapy.
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ABSTRACT

Objectives: To determine the benefit of intravenous B,-agonists (lvB) for
severe acute asthma treated in the emergency department (ED).

Methods: Randomised controlled trials (RCTs) were identified using electronic
databases; the Cochrane Airways Review Group database; hand searching;
bibliographies; pharmaceutic company and author contact. Studies where IvB
were compared to placebo and/or standard care were considered. Trials were
combined using odds ratios (OR) or weighted mean differences (WMD).
Results: From 746 identified references, 55 potentially relevant articles were
identified and 15 were included. All trials were performed outside North
America, and published prior to 1997. Compared to all treatments, IvB use did
not lead to significant differences in vital signs, pulmonary functions, laboratory
measures, adverse effects, or clinical success. Although statistically
nonsignificant, IvB use was associated with an increased risk of autonomic side
effects (neurological, cardiovascular, gastrointestinal), and higher heart rates
(4-10 beats per minute).

Conclusions: Evidence is lacking to support the use of IvB in ED patients with
severe acute asthma. Moreover, no subgroups were identified in which it's use
should be considered. Future acute asthma research should focus on

alternative treatment options.

Word count: 183
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SECTION 2.1 INTRODUCTION

The general approach to treating the severe acute asthmatic is to use B,-
agonist bronchodilators and corticosteroids. For rapid bronchodilatation,
penetration of inhaled drug to the affected small conducting airways may be
impeded, and consequently responses may be a result of drug reaching the
receptors via the systemic circulation. In these circumstances, if
bronchodilatation occurs predominantly in response to the systemic distribution
of the drug, intravenous (IV) rather than inhaled administration of
bronchodilators may provide an earlier clinical response.’

The research investigating the role of IV By-agonists in the emergent
treatment of asthma has spanned more than 25 years. At present, each of the
guidelines in North America and Europe recommend inhaled B,-agonist therapy
for all cases of asthma that present to the emergency department.?® IV or
subcutaneous (SC) Bz-agonists are described as second line therapy for use in
patients unresponsive to inhaled bronchodilator and systemic corticosteroid
therapy, or if the inhaled route is not practical for the patient.?5 However, debate
regarding the benefit of this route of delivery remains. No systematic review of
the IV Bo-agonist literature for the treatment of asthmatic exacerbations has been
published to date. The purpose of this study was to determine if the evidence
from randomised trials supports the use of IV By-agonists in the treatment of
patients with severe acute asthma who present to the emergency department
(ED). The questions specifically addressed are:

‘ 1. What is the clinical effect of administration of IV B,-agonists on pulmonary
function tests, laboratory parameters, vital signs, adverse effects, and clinical
improvement/failure?

2. Does the age of the patient, B,-agonist type, treatment strategy or rate of
administration influence the magnitude of effect?

3. Is the magnitude of effect is influenced by the methodological quality of the
included studies or the statistical model used for analysis?
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SECTION 2.2 METHODS

Identification of Studies

The Cochrane Airways Review Group (ARG) has developed an "Asthma
and Wheez* RCT" register through a comprehensive and standardized search
of EMBASE, MEDLINE, and CINAHL. In addition, hand searching of the 20
most commonly cited journals for articles on respiratory care has been
completed and relevant RCTs have been added to the register. This register
contains a variety of studies published in languages other than English, and is
up-dated every six months. The register has been shown to retrieve 92% of the
RCTs identified by hand searching the two top respiratory journals from 1989 to
1993, with a specificity estimated to be 17%.°

Randomised controlled trials were identified in the both the ARG
database and Cochrane Controlled Trials Register (CCTR) using the following
search strategy: (placebo* OR trial* OR random™ OR double-blind OR double
blind OR single-blind OR single blind OR controlled study OR comparative
study). An advanced search of this database, and the Cochrane Controlled
Trials Register, was completed using the following terms: (1) Asthma OR
Wheez* AND (2) Emerg* OR acute* OR status* AND (3) Discharge* OR admi*
OR hospit* AND (4) beta-agonist OR betaagonist OR beta agonist OR
bronchodilat* OR adrenaline OR albuterol OR bricanyl OR epinephrine OR
isoprenaline OR isoproterenol OR hexoprenaline OR reproterol OR salbutamol
OR terbutaline OR ventolin OR *erol. This model was adapted from the
Cochrane search strategy described in the handbook.” Several other
' databases were also searched separately using the same search terms,
including: MEDLINE, EMBASE, CINAHL, Current Contents. Reference lists of
all available primary studies and review articles were reviewed to identify

potential relevant citations. Trials were not excluded on the basis of language.

Inquiries regarding other published or unpublished studies known and/or
supported by the authors of the primary studies were made so that these results
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could be included in this review. Several pathways were used to locate authors
including letters to an address presented in the article (Appendix 2.1), Intemet
‘People and Hospital Searches’, electronic author searches in library
databases for the address on the most recent article published by the author,
and contact with other reviewers on the ARG. Scientific advisors of the various
pharmaceutical industries that manufacture beta-agonists were contacted for
any unpublished, published, or interim results on B,-agonist research (Appendix
2.2). Personal contact with colleagues, collaborators and other trialists working
in the field of asthma was made to identify potentially relevant studies.

Selection of Studies

The reference lists from the search strategy was independently reviewed
by two researchers (A.H.T., B.H.R.), and clearly irrelevant articles were
discarded. If the title, abstract, or descriptors suggested any potential
relevance, the full text article was retrieved. The following inclusion criteria
were used to select studies for review and inclusion: (1) design: randomised,
placebo-controlled, clinical trials; (2) population: adult or pediatric patients with
severe acute asthma presenting to the emergency room (or its equivalent); (3)
interventions: treatment with either 1V §,-agonist or one of the following: inert
placebo, other intravenous bronchodilators, or other inhaled bronchodilators;
(4) outcomes - any of: pulmonary functions, vital signs, clinical scores, were
considered for inclusion. Agreement for relevance for review was measured

using simple agreement and kappa statistics.

Each relevant paper was assessed by two independent reviewers
" (B.H.R., AJ.) for inclusion in this review (see Criteria for Inclusion, Appendix
2.3). The reviewers were not blinded to the authors, journal of publication, or
results of the studies as investigator bias was deemed unlikely. Agreement for
relevance for inclusion was measured using simple agreement and kappa
statistics. Disagreement was resolved by consensus or third party adjudication
(A.H.T.).
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Following selection, each paper was independently subjected to quality
assessment using two methods. These criteria were used to provide
methodological weights for the included papers, and were to be used in the
sensitivity analyses °. In the first method, using the Cochrane approach to
assessment of allocation concealment, trials were scored independently by two
reviewers (A.H.T., C.S., see Appendix 2.4).” In the second method, each study
was assessed independently by two reviewers (C.C., A.J.) for validity using a
ordinal scale (0-5) described by Jadad (Appendix 2.5).° Inter-rater reliability
was measured by using simple agreement, kappa, and weighted kappa

statistics, and disagreement was resolved by third party adjudication (B.H.R.).

Data Collection

A data collection form was completed for all papers meeting the inclusion
criteria. Abstracted data included: title, author(s), year of publication, population
studied, patient demographics, intervention, and outcomes (see Appendix 2.6).
Data for the trials were independently extracted by two reviewers (A.H.T., C.S.)
and entered (S.J.B.) into the Cochrane Collaboration software program (Review
Manager Version 3.0). In cases where tables were unavailable, graphs were
enlarged and values were approximated. This technique was required for

seven studies.'®®

For those main outcome measures with statistical heterogeneity, a priori
subgroup analyses were used (Population: adult versus pediatrics, severity of
iliness; Intervention: infusion versus bolus, IV with inhaled versus IV alone).
Sensitivity analyses were completed on the strength of methodological quality

and statistical method of analysis.

Data analysis

A simple agreement (SA) and kappa coefficient (k) of agreement
between reviewers was calculated for the ‘review for relevance', 'review for
inclusion', and for the ‘quality scores'.” When only the standard error of the
mean (SEM) were reported in the studies, the standard deviation (SD) was
calculated using: SD = SEM * Vn, where 'n' represents the treatment sample
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size. When only a pooled SD of the mean difference between treatments was
described in a single study, several options were employed: (1) if individual
patient data were provided in the publication, a SD for each group was
calculated; (2) a pooled SD was imputed using the method by Follman (Pooled
SD = (V(n1-1)*var1 + (n2-1)*var2 + ... + (nk-1)*vark) / X(n-k); where var = the
variance of the study group in study ‘', and K= the number of studies with
variance provided).”® When no SD data was available from these sources, the

initial SD from the particular subset was used.

All trials were combined using the Review Manager, Version 3.0. For
continuous variables, a random effects weighted mean difference (WMD) and
95% confidence interval (Cl) were calculated for each study. All similar studies
were pooled using random effects WMD and 95% Cls. For dichotomous
variables, a random effects odds ratio (OR, 95% CI) was calculated for
individual studies. All similar studies were pooled using random effects OR and
95% Cls. For pooled effects, heterogeneity was tested using the Breslow-Day
test; p < 0.05 was considered statistically significant. Data for IV B,-agonist
versus all other treatments were pooled for the following groups (data type): (1)
serial pulmonary function (continuous); (2) serial heart rate (continuous); (3)
serial arterial blood gasses (continuous); (4) adverse effects (dichotomous); and
(5) clinical failure/success (dichotomous).

Sensitivity & Subgroup Analyses

Differences between study results (heterogeneity) may be qualitative or
quantitative, and can arise from a variety of sources including: the result of
" chance; the result of differences between studies with respect to study design,
population, intervention, or outcome measurement. When heterogeneity was
encountered, these subgroup and sensitivity analyses were performed in an
attempt to explain the findings: (1) design: strong vs. weak methodological
quality; (2) population: adults vs. pediatrics; (3) intervention: treatment strategy,
bolus vs. infusion; (4) statistical model used for analysis: random vs. fixed

effects model.
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SECTION 2.3 SYSTEMATIC REVIEW

Selection

The ARG database search revealed 976 references which represented
740 (76%) original publications: 258 (35%) in EMBASE; 250 (34%) in
MEDLINE; 2 (0.3%) from CINAHL; 224 (30%) from both MEDLINE and
EMBASE; and 6 references (0.7%) were cited in all three. Independent review
of the abstracts and titles of these publications identified 31 potentially relevant
studies. The agreement for relevance was high (SA: 98%,; kappa: 0.83).
Twenty-four additional references were added from bibliographic searching of
relevant articles and overviews; a total of 55 papers were reviewed for
inclusion. Unpublished literature was requested from pharmaceutical
companies and the authors of all included studies, but none were identified.

Forty studies were excluded at this stage as they were: nonrandomised -
55% (30/55); included treatment of nonacute asthmatics or nonasthmatics -
13% (7/55); examined non-IV routes of administration 5% (3/55). The
discussion is confined to included papers only.

Of these 55 articles, a total of fifteen studies (27%) were included in the
overview (SA: 94%, k = 0.87) (see Appendix 2.7 for ‘Included Studies’, and
Appendix 2.8 for ‘Excluded Studies’). The ARG database identified 12 (80%) of
the articles: six were from MEDLINE'-'27%192" two from EMBASE''5, and four
from both."''?%22  The remaining three papers were found from separate
MEDLINE searches.'6?*%

Description of included Studies

The evidence for intervention with IV By-agonists spans a period of
twenty-five years (see Table 2.1): seven (47%) articles published in the 1970s;
five (33%) papers in the 1980s; and three (20%) trials in the 1990s. Twelve
(80%) of the studies were conducted in Europe, one (7%) in Asia, and two
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(13%) in Australia. No trials meeting our inclusion criteria were conducted in

North America.

Table 2.1

Year of publication

1970

1980

1990

Bloomfield et al, 1979
Femi-Pearse etal, 1977
Hambleton et al, 1979
Johnson et al, 1978
Lawford et al, 1977
Tribe et al, 1976
Williams et al, 1975

Cheong et al, 1988
Hussein et al, 1986
Sharmma et al, 1984
van Renterghem et al, 1987
Williams et al, 1981

Browne et al, 1997
Salmeron et al, 1994
Swedish Society et al, 1990

Many of the included papers were double-blind, placebo controlled trials,

however the methodological quality varied across studies. For example, using
the Jadad method, seven studies were rated as "strong" (47%) and eight (53%)
were rated as "weak" (see Table 2.2). Agreement between the two independent

assessments of study quality was as follows:
Method of Randomization (kappa= 0.76); Double Blind (kappa= 0.81); Method
Blinded (kappa= 0.59); and Withdrawals / Dropouts (kappa=1.0). There was no
significant correlation between higher Jadad quality scores and the year of

publication of the trial (Pearson r= 0.38, p=0.17).

Table 2.2 Jadad level of methodological quality

Randomization (kappa=1.0);

Strong

Weak

Bloomfield et al, 1979
Browne etal, 1997
Cheong et al, 1988
Lawford et al, 1977
Salmeron et al, 1994
Tribe etal, 1976

. Williams et al, 1975

Femi-Pearse etal, 1977
Hambleton et al, 1979
Hussein et al, 1986
Johnson et al, 1978
Sharma et al, 1984

Swedish Society etal, 1990
Van Renterghem et al, 1987
Williams et al, 1981

Using the Cochrane methodology, five papers (33%) were rated as
having clearly blinded allocation and ten (67%) were rated as having unclear

allocation blinding (kappa = 1.0, see Table 2.3).
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Table 2.3 Cochrane concealment of allocation

Clear Unclear

Browne et al, 1997 Bloomfield et al, 1979
Cheong et al, 1988 Femi-Pearse gt al, 1977
Lawford et al, 1977 Hambleton et al, 1979
Williams et al, 1975 Hussein et al, 1986
Williams et al, 1981 Johnson et al, 1978

Salmeron et al, 1994
Shama et al, 1984

Swedish Society et al, 1990
Tribe etal, 1976

Van Renterghem gt al, 1987

There was no statistically significant association between those papers
that were rated as strong methodologically and those that had blinded

allocation (x* 2.04, df=1, p>0.05).

Study Design

Thirteen (87%) of the studies followed a parallel protocol, whereas two
(13%) of the studies followed a crossover model >, Eleven (73%) of the
fifteen studies introduced IV B,-agonists immediately upon entry. The remaining
four papers introduced 1V B,-agonists 30 to 75 minutes after entry into the study
during which time the patients received either inhaled By-agonists’'3*? or IV

aminophylline™.

There were three main treatment strategies utilized in the studies under
review (see Table 2.4). Strategy | compared IV By-agonists to inhaled Bo-
agonist, where both groups of patients received a 'run in phase' of inhaled B,-
* agonist therapy. Essentially, this was equitable to comparing IV By-agonists with
standard of care versus standard of care. Strategy Il compared IV B,-agonists
with inhaled agents, with no inhalational therapy in the IV Bs-agonist arm.
Essentially this approach compared IV to inhaled B,-agonist delivery. Strategy
Il compared IV Bs-agonists with IV methylxanthines, where neither group

received inhaled Bz-agonist therapy.
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Table 2.4 Treatment strategies

Strategy Intervention Comparison Author
Treatment
Strategy | IV + inhaled B,-agonists inhaled B,-agonists Browne 1997

Cheong 1988
van Renterghem 1987

Strategy Il IV B.-agonists inhaled B,-agonists Bloomfield 1979
Hussein 1986
Lawford 1977
Salmeron 1994
Swedish Society 1990
Williams 1981

Strategy Il IV B,-agonists IV methylxanthines Femi-Pearse 1977
Hambleton 1979
Johnson 1978
Sharma 1984
Tribe 1976
Williams 1975

Populations

Participants were selected from a sample of patients who presented to
the emergency department or its equivalent with severe acute asthma (see
table 2.5). The majority of studies focused on adult patients only (range 15 to
65 years), with only three papers evaluating the pediatric population (range 0.8
to 14.7 years)"'>'® The prehospital asthma medication profile, and asthma
history of the patients could not be easily determined from these studies. The
median sample size across the 15 studies was 23 with a range of 13 to 176
patients.

All papers enrolled 'severe asthmatics’, however there was variety in the
parameters and definitions used for inclusion criteria. Nine papers used vital
. signs (heart rate greater than 100) and pulmonary function tests (PFT less than
20% expected) as primary inclusion criteria.'"'31419202225 Fiye papers required
derangements in arterial blood gas (ABG) measurements.'®'%'€¢20.3  Eour
papers listed simple clinical symptoms and signs of "severe shortness of breath
or wheezing" as inclusion criteria.'®'>'%?" Two papers described standardized
clinical assessment scales or definitions for severe asthma as inclusion criteria.
One author utilized the National Australian Asthma Campaign guidelines® of
any four features of respiratory distress (wheeze, sternal retraction, accessory
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muscle use, dyspnea) or any absolute criteria (cyanosis, pulsus paradox,
altered level of consciousness, silent chest)." Another author® enrolled only
those patients who met the definition for severe asthma as defined by the
American Thoracic Society.?

Table 2.5 Study populations

Author Country N Age
Bloomfield 1979 Scotland 20 Lo 27.35
Browne 1997 Australia 29 Hiv 8.4, uc 6.3
Cheong 1988 England 61 Ujy 37, uc 35

Femi-Pearse 1977 Nigeria 50 adults
Hambleton 1979 England 18 range 1.5-7

Hussein 1986 Germany 20 range 0.8 - 14.7

Johnson 1978 England 39 range 16 - 65

Lawford 1977 England 13 range 15 - 65

Salmeron 1994 France 47 Uiy 39 (£ 13), pnedl (£ 17)
Sharma 1984 India 30 Usalb 33.6 (£ 14.4), uterp 33.1(£ 13.0), uc 31.7 (£ 8.0)
Swedish Saciety Sweden 176  Wjy55 (£ 13), uc 35

1990

Tribe 1976 Australia 23 adults

van Renterghem Belgium 23 Uiy 49.8 (£ 13.5), uc52 (£ 7.6)
1987

Williams 1975 England 20 adults

Williams 1981 England 15 adults

total: 584 (u 37.6, + 41.1), range: 0.8 - 75 years

Ho mean age overall; pjy mean age |V group; |Lc mean age comparison group;
salb salbutamol, terb terbutaline

In summary, despite the variability of definitions, based on review, all
patients entered into these studies could be considered to be suffering "severe
acute asthma" requiring admission to hospital as defined by the organizations
involved in asthma care.?®

Interventions

A variety of co-interventions were administered across studies, however
all patients received supplemental oxygen by face mask; and |V or oral
corticosteroids (see Tables 2.6 and 2.7). Most of the trials introduced the
steroids to all patients on entry into the study, however in one study an
unspecified dosage of steroids was held until two hours into the study in only a
selected subgroups of patients.'' No patients received inhaled steroids, or
inhaled anticholinergic agents in any of the studies.
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Nine papers gave |V By-agonists as a bolus (range 100 - 500 ug, or 4 - 15
ug/kg)'-'"1*16192123 whereas six studies administered the IV B,-agonist as an
infusion (range: 8.3 - 20 ug/min to total doses of 500ug - 3000 ug).'0-16-2022:24
Most studies used salbutamol, except for three studies in which terbutaline was
evaluated'*>?#', and one study where reproterol was used.' One study ran a
triple parallel protocol comparing IV salbutamol versus [V terbutaline versus IV
aminophylline.?' Consequently this paper were treated as two studies of IV
salbutamol versus aminophylline (Sharma1, 1984), and IV terbutaline versus
aminophylline (Sharma2, 1984).

Table 2.6 Interventions used in the adult population

Author Intravenous Comparison Steroid
Bloomfield salb 500 ug 1VB salb 5 mg inh hydro 500 mg iv
Cheong 1988 salb 12.5 ug/min inf* salb 5 mg neb hydro 200 mg iv
Femi-Pearse 1977 salb 200 ug IVB amino 250 mg iv N/A
Johnson 1978 salb 10 ug/min inf amino 1 mg/min hydro 200 mg iv
Lawford 1977 salb 20 ug/min inf salb 10 mg inh hydro 250 mg iv
Salmeron 1994 salb 8.3 ug/min inf salb 10 mg inh hydro 200 mg iv
Sharma 1984 salb 250 ug IVB amino 250 mg iv N/A

terb 250 ug IVB amino 250 mg iv N/A
Swedish Society 1990 salb 5 ug/kg IVB salb 0.15 mg/kg inh unknown amt
Tribe 1976 salb 100 ug IVB amino 250 mg iv hydro 100 mg iv
van Renterghem 1987 terb 6 ug/kg IVB terb 0.1 mg/kg inh hydro 125 mg iv
Williams 1975 salb 8.3 ug/min inf amino 500 mg iv hydro 1000 mg iv
Williams 1981 terb 250 ug IVB terb 2.5 mg hydro 200 mg iv

*: intfravenous salbutamol given with inhaied salbutamol; amino: aminophylline; inf: infusion; inh:
inhaled; IVB: intravenous bolus; hydro: hydrocortisone; meth: methylprednisolone; N/A: not applicable;
repro reproterol salb: salbutamol; terb: terbutaline; bold denotes intravenous bolus

Table 2.7 Interventions used in the pediatric population

Author Intravenous Comparison Stercid

Browne 1997 salb15 ug/kg IVB* salb2.5-5.0mgneb hydro 5§ mg/kg iv
Hambleton 1979 salb 4 ug/kg IVB amino 4 mg/kg iv hydro 4 mg/kg iv
Hussein 1986 repro 0.2 ug/kg/min inf _salb 75 ug/kg inh meth 2 mg/kg iv

*: intravenous salbutamol given with inhaled salbutamol; amino: aminophylline; inf: infusion; inh:
inhaled; IVB: intravenous bolus; hydro: hydrocostisone; meth: methylprednisoione; N/A: not applicable;
repro reproterol salb: salbutamol; terb: terbutaline; bold denotes intravenous bolus

Outcomes
Each paper evaluated their primary outcome determinants within a two
hour period. However, six papers extended the observation interval longer:
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three hours?', five hours®, six hours®, twenty-four hours'®, and thirty-six
hours'®'s. Multiple statistical tests were performed in each study, with a mean of
23.7 (varying from O to 80). No mention of adjustments for multiple testing were
identified in these papers, and 73.3% (11/15) made no mention of possible type
| errors.

Over 240 individual outcome measurements were abstracted from the
fifteen papers. Unfortunately, there was a wide variety of outcome measures

reported (see Table 2.8).

Table 2.8 Reported outcome parameters

Clinical vital signs (HR, BP, RR)
subjective impression of improvement by patient
subjective impression of improvement by physician
pulsus paradoxus
clinical scoring systems
autonomic side effects (CVS, GI, CNS)
% successful treatment
recovery time
need for continued supplemental O2

Pulmonary Function PEFR, A PEFR
FEV1, A FEV1, A%FEV,
% predicted PEFR, A percent predicted PEFR
AMMFR
FVC
Sa02

Laboratory arterial oxygen tensions
arterial carbon dioxide tensions
serum glucose
serum potassium

Scores from a variety of symptom scales were occasionally used to
describe outcomes, however due to the different scores used, no pooled
. analyses were conducted. In addition, a number of PFT results were employed
(including PEFR, FEV,, FVC, % predicted PEFR, % predicted FEV,), however
variability in the type of PFT used limited comparisons between studies (see
Table 2.9). There were no descriptions of any patients who were intubated or

died during any of the study observation periods.
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Table 2.9 Types of pulmonary functions reported as outcomes

PEFR A PEFR A % Pred* FEV1 A FEV1q
Bloomfield v/ 4
Browne 1997
Cheong 1988 4 cbi 4
Femi-Pearse 1977 Ve
Hambleton 1979
Hussein 1986 v
Johnson 1978 v cbi v/ cbi
Lawford 1977 v v/ v v
Salmeron 1994 v v
Sharma 1984 Vo v
Swedish Society 1990 4 cbi
Tribe 1976 unable to use unable to use
van Renterghem 1987 4 cbi v
Williams 1975 4 cbi
Williams 1981 v cbi

* % Response = ((PEFR after treatment - initial PEFR) / (predicted PEFR - initial PEFR)) X 100
* AMMFR (maximum mid-expiratory flow rate), e¢bi can be imputed from graphs

Five trials used improvements in PFTs (namely PEFR) as the primary
outcome of choice.’®'*'*%%2 Fiye papers described a primary outcome variable
of “Clinical Improvement", however the definition varied widely between papers.
Three of these relied on the '‘impression by the patient or physician of
improvement in symptoms'.'"'??*  The remaining two papers described
predefined clinical determinants of success.'® The first defined three unique
primary clinical measures of success: earlier ED discharge time (defined as the
start of hourly inhaled salbutamol therapy); faster recovery time (to cessation of
nebulised B-agonists every thirty minutes, and sixty minutes); and less oxygen
dependence (defined at the two hour window as the requirement for medical
oxygen to maintain oxygen saturations above 93%)." The second paper
defined 'Clinical Success' as the presence of at least two of the following points
at 60 minutes: (1) a decrease in a “clinical index rating” of at least three points;
' (2) a decrease in PaCO2 of at least three mmHg; (3) an increase in PEFR of at

least 50 L/min.?®
Consequent to the variety of outcomes, only seven domains were pooled

where data was sufficiently available and similarly derived. These are defined
and listed in Table 2.10.
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Table 2.10 Outcomes used for summary statistics

Qutcome Domain

Stratum

PFT PEFR

% predicted PEFR
FEV,

PEFR at 15, 30, 45 min

PEFR at 1, 2, 2-6 hours

% pred PEFR at 1,2, 3,6 hr

FEV, at 15 and 45-90 min, 3-4 hours

Clinical Heart Rate

Autonomic Side Effects
Clinical Failure

HR at 15, 30, 45 min

HR at 1, 2, 2-6 hours

ASE over study period

proportion who fail to improve with therapy

Laboratory  Arterial Blood Gasses

arterial oxygen tension at 1 hour
arterial carbon dioxide tension at 1 hour
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SECTION 2.4 RESULTS

Objective One: combined result for all treatment options
Pulmonary Function

A pooled estimate of the WMD of PEFR over a six hour period after IV B,-
agonist therapy or comparison therapy were calculated for seven of the fifteen
papers.'®'21920228  Taple 2.11 summarizes the WMD and pooled estimate of
treatment effect over the 15 minute to six hour period. (Figure 2.1 in Appendix
2.9 is a ‘MetaView’ representation of the WMD in the individual studies and of
the pooled estimate of treatment effect).

Table 2.11: Summary statistics for PEFR trials

PFT N WMD L/min§ 95% ClI REM Chi-square*
15 min 5 10.06 -1.67, 21.78 4.63 (df=4), ns
30 min 4 9.48 -10.45, 29.41 5.75 (df=3), ns
45 min 3 -0.42 -29.94, 29.10 0.55 (df=2), ns
60 min 7 19.42 -3.70, 42.55 18.83 (df=6) £
120 min 4 16.91 -18.60, 52.42 15.42 (df=3) £
2 to 6 hours 5 -3.38 -21.55, 14.79 4.46 (df=4), ns

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, ¥ p < 0.05
§ negative numbers favor |V treatment, positive numbers favors control

Across all six strata in the PEFR domain no statistical differences in PEFR were
identified between those patients who received |V B,-agonists versus inhaled B,-
agonists or IV methylxanthines. Moreover, differences between the summary
outcome measures in each stratum were also of questionable clinical
significance with pooled estimates of treatment effect ranging from -0.42 L/min
to 19.42 L/min. The heterogeneity present in the 60 and 120 minute strata is
" addressed in the sensitivity analysis later in this section.

Three papers reported serial changes in percent predicted peak
expiratory flow rates, with pooled estimates of WMD listed in Table 2.12.'31522
Two papers followed treatment Strategy | in aduits patients'#, with the third
paper following Strategy !l in pediatric patients.'®
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Table 2.12: Summary statistics for % predicted PEFR trials

PFT N WMD % § 95% Cl REM Chi-square*
1hr 3 -1.42 -7.00, 4.16 2.96 (df=2), ns
2hr 2 -2.64 -6.14, 0.86 0.89 (df=1), ns
3 hr 2 -6.85 -17.03, 3.33 1.85 (df=1), ns
8 hr 2 -8.75 -17.90, 0.39 1.54 (df=1), ns

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, ¥ p < 0.05
§ negative numbers favor |V treatment, positive numbers favors control

Although there was no statistically significant difference between treatments
across the four strata, the results demonstrated an increasing treatment effect
over a six hour period favoring IV B,-agonists (compare -1.42% at one hour
versus -8.75% at six hours). However, such marginal differences in percent
predicted PEFR are of questionable clinical importance. There was no visual or
statistical heterogeneity across the strata in this analysis (See Figure 2.2 in
Appendix 2.9).

Two papers reported serial changes in forced expiratory volume in one
second, with pooled estimates of WMD reported in Table 2.13."%%" Each of
these studies followed treatment Strategy Il in adult patients (See Figure 2.3 in
Appendix 2.9)..

Table 2.13: Summary statistics for FEV1 trials

serial FEV1 N WMD Litres§ 95% ClI REM Chi-square*
15 min 3 -0.11 -0.19, -0.02 13.33 (df=2), £
45-90 min 5 -0.06 -0.18, 0.06 10.98 (df=4), t
> 90 min* 3 -0.06 -0.22, 0.10 3.28 (df=2), ns

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, ¥ p < 0.05
§ negative numbers favor IV treatment, positive numbers favors control

Across all three time periods there were clinically insignificant differences in
FEV1 of 60 - 110 ml. Statistically significant heterogeneity was only absent in
the greater than 90 minute stratum where there was no significant difference in

effect between treatments.
Serial Heart Rates

Less than 50% of the papers described trends in vital signs, which
predominantly included serial heart rates. Nine papers described heart rate
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over a six hour period with pooled estimates described in Table 2.14.'"
1315.19202223 Tghle 2.11 summarizes the WMD and pooled estimate of treatment
effect over the 15 minute to six hour period. (See Figure 2.4 in Appendix 2.9)..

Table 2.14: Summary statistics for heart rate

serial HR N WMD beats/min § 95% C! REM Chi-square*
15 min 5 7.70 0.87, 14.51 8.69 (df=4), ns
30 min 5 4.03 -2.98, 11.03 11.81 (df=4) £
45 min 3 13.07 1.56, 24.50 3.59 (df=2), ns
60 min 9 3.65 -2.90, 10.19 31.23 (df=8), £
120 min 6 3.95 -6.85, 14.76 45.21 (df=5), £
2 to 6 hours 6 10.82 5.00, 16.64 9.91 (df=5), ns

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, + p < 0.05
§ negative numbers favor IV treatment, positive numbers favors contro!

Across all six strata there were lower heart rates in those patients who received
the comparison treatment (range 3.95 to 12.26 beats per minute). These
differences were statistically significant in the 15 and 45 minute, and the two to
six hour strata, each of which had absent heterogeneity amongst the pooled
estimates. However, the differences in heart rate are of questionable clinical
significance. For the remaining three strata (30 min, 60 min, and 120 min) there
was significant heterogeneity present.

Arterial Blood Gas Measurements

Six papers described arterial blood gas measurements for oxygen
tensions, and five papers described carbon dioxide tensions all within a two
hour period.'%1318.19.202¢ Taple 2.15 summarizes the WMD and pooled estimate
of treatment effect (see Figure 2.5 in Appendix 2.9).

+ Table 2.15: Summary statistics for arterial gas tensions

ABG N WMD mmHg § 95% ClI REM Chi-square*
oxygen 6 -3.18 -8.69, 2.33 1.11 (df=5), ns
carbon dioxide 5 1.66 -0.94, 4.25 3.69 (df=4), ns

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, + p < 0.05
§ negative numbers favor IV treatment, positive numbers favors control

There was no statistical difference in either the arterial oxygen tension, or
carbon dioxide tension between IV B,-agonists and comparison treatments. In

addition there was no heterogeneity across each stratum.
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Autonomic Side Effects

Despite concern regarding the potential side effects of IV B,-agonists,
only 10 (67%) studies reported this information. Nine papers reported
proportions of cardiovascular (palpitations, tachycardia, hypertension),
neurological (tremor, headache), and/or gastrointestinal (nausea) side effects

associated with therapy.'"'®'419%¢

The tenth paper reported a significantly
higher proportion of tremor in the IV By-agonist group, but did not list specific
data.' Table 2.16 summarizes the OR and pooled estimate of treatment effect

(see Figure 2.6 in Appendix 2.9).

Table 2.16: Summary statistics for autonomic side effects

side effects N OR § 95% Cl REM Chi-square*

side effects 9 1.98 0.48, 8.18 36.80 (df=8), ¥

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, ¥ p < 0.05
§ <1 favorlV treatment, > 1 favors control

The pooled OR suggests that the proportion of patients who experienced
adverse effects from |V treatment were approximately twice as frequent as those
who received the comparison treatment. However, this result was not
statistically significant and significant heterogeneity was present in the pooled
estimate ( x* 36.8, df=8, p < 0.05).

Clinical Failure
Five papers reported a primary outcome variable of "Clinical
Improvement", however there was variability in the subjective and objective
measures used.'""12232% For entry into RevMan v3.0, the proportion of patients
‘ who had 'clinical success' as defined by each author, were converted to the
proportion of patients with clinical failure. Table 2.17 summarizes the pooled
estimate of treatment effect (see Figure 2.7 in Appendix 2.9).

Table 2.17: Proportion who failed to improve with therapy

N OR § 95% ClI REM Chi-square*

Fail to improve 5 2.08 0.32, 13.47 24.48 (df=4), £

REM Random Effects Model, * Breslow-Day Test for Heterogeneity, ¥ p < 0.05
§ <1 favorlV treatment, > 1 favors control
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The pooled OR suggests that the proportion of patients who failed to improve
with IV therapy was approximately twice that of the proportion who received the
comparison treatment. However, this result was not statistically significant,
moreover, significant heterogeneity was present in the pooled estimate (
24.48, df=4, p < 0.05).

Objective Two: Subgroup Analyses
Population:

An insufficient number of pediatric papers with similar outcome
measures, precluded any subgroup comparison on the basis of age of the
patients. Only three of the fifteen included papers (20%) evaluated the pediatric
population.''5:16

Intervention:
Three types of Bo-agonist were evaluated - the majority examined
salbutamol, however terbutaline was reviewed in three papers'*'*?', and

'S An insufficient number of similar outcomes excluded

reproterol in one paper
any formal comparison of results. There was no statistical difference in any of
the outcome domains when comparing Bs-agonists administered as an IV bolus

versus infusion.

Three of the 15 papers evaluated the question of whether IV By-agonist
improves the initial bronchodilator response when given in addition to
nebulised B-agonist therapy."'*?? Amongst these studies, the only domain
where sufficient similar outcomes were reported, were in two papers in the
stratum of %predicted PEFR."*# In this stratum there was a trend showing
increasing percent predicted responses over six hours for those patients who
received intravenous fBs-agonist therapy. These results were non-significant at
each point in time, and were also of minimal clinical significance. In the

remaining paper utilizing treatment Strategy |, there were no reports of
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pulmonary function data thereby limiting comparisons with the other two
papers.’

There was no change in the trends of the summary statistics for any of the
outcome domains when Strategy Il was compared to Strategy Il (see
MetaViews in Appendix 2.9). Too few studies with sufficient similar outcomes
limited any meaningful comparison of Strategy | versus Strategy Il

Sensitivity Analysis: Methodological Quality

There was significant heterogeneity in pooled estimates in 9 (37.5%) of
the 24 stratums. Sensitivity analysis of clinically significant outcome strata, by
strength of methodological quality yielded the results in Table 2.18. Using
Jadad’s methods a strong methodological paper was defined as having a
Jadad score of three to five, and a weak paper as having a Jadad score of zero
to two.

Table 2.18 Subgroup analysis by methodological quality

Stratum Strong AQuality Weak Quality
WMD* or OR§ (95%Cl) WMD* or OR§ (95%Cl)
Breslow Day Test Breslow Day Test

PEFR at 60 min WMD 8.30 (-17.63, 34.22), N=4 WMD 32.67 (1.18, 64.16), N=3
2 4.97 (df=3), ns y2 5.80 (df=2), ns

PEFR at 120 min WMD -1.27 (-21.42, 18.88), N=2 =~ WMD 27.22 (-28.19, 82.63), N=4
2 0.63 (df=1), ns 2 4.66 (df=3), ns

PEFR Final WMD -10.76 (-32.84, 11.33), N=3 WMD 27.25 (-6.20, 60.69), N=3
v2 2.14 (df=2), ns v2 5.87 (df=2), ns

HR at 60 min WMD 4.89 (-1.08, 10.86), N=5 WMD -0.69 (-13.41, 12.04), N=3
v2 7.12 (df=4), ns ¥2 10.68 (df=2), £

HR at 120 min WMD 8.92 (1.38, 16.46), N=4 WMD -4.44 (-19.03, 10.14), N=2
2 6.03 (df=3), ns ¥2 5.93 (df=1), £

Autonomic Side Effects OR 2.25 (0.49, 10.39), N=5 OR 0.26 (0.06, 1.15), N=5

‘ v2 7.19 (df=4), ns v2 7.19 (df=4), ns

Clinical Failure/Success 1.17 (0.12, 11.66), N=4 OR 12.79 (5.32, 30.76), N=1
¥2 15.03 (df=3), ¥ ns

¥ p<0.05

-

negative numbers favor IV treatment, positive numbers favors control
§ <1 favorlV treatment, > 1 favors control

It is evident that the stronger methodological papers fail to demonstrate a
clinical or statistical difference between IV agents or the comparison treatment
arm in terms of PEFR and clinical success. Moreover, although not statistically
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significant, IV By-agonists appear to have an increased risk of adverse effects
and increased heart rate compared to the comparison treatment. By comparing
the two groups it is clear that the weak methodological papers had larger effect
favoring the comparison treatment. Although these were statistically non-
significant, the treatment effects from the weak methodological were clearly
orders of magnitude larger or even discordant to the results from the strong

methodological studies.
Subgroup analysis by fixed effects modeling demonstrated no

differences in results except for more strata with statistically significant lower
serial heart rates for the non-IV groups (range: 0.1 to 14.1 beats/min).
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SECTION 2.5 DISCUSSION

Physicians who assess and treat patients presenting with severe acute
asthma are faced with many difficult decisions, including how aggressively to
treat and what medications to use. The literature is conflicting regarding the use
of IV agents, and this systematic overview is the first to examine evidence of the
effect of treating asthmatics with IV By-agonists following diagnosis in the ED.
This meta-analysis included fifteen randomised parallel and crossover trials
over twenty-five years that included 584 adults and children across nine

countries. Several important conclusions arise from the analyses.

First, this meta-analysis fails to demonstrate a statistically significant
difference in effect between IV By-agonists and all other treatments combined
(inhaled B,-agonists, or IV methyxanthines) in the management of patients with
severe acute asthma who present to the ED. Intravenous B,-agonists
administered either by bolus or infusion did not lead to significant improvements
in any of the outcome measures of clinical success. It was consistently shown
through subgroup and sensitivity analysis that the use of intravenous B,-
agonists was associated with an increased risk of autonomic side effects (2-12
times), and higher heart rates (4-10 beats per minute). However, while
important information, they were never shown to be statistically significant.

Second, when examining the quality of papers involving intravenous
agents in acute asthmatic presentations, it is obvious that greater care must be
incorporated into further work if clarity is to emerge. There were broad
‘ discrepancies among outcomes from studies where methodological quality was
scored using two accepted methods.”® Moreover, statistical planning and
sample size calculations were not carefully considered in most studies. No
papers were large enough to protect against type Il error, and sample size
calculations were rarely reported. Furthermore, multiple statistical testing was
performed in many studies, increasing the risk of type | error. Factors
confounding the relationship of IV B,-agonist use and outcome measures are
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the weak methodologies of the studies included in the summary measures.
When analysed by methodological quality, the treatment effects were less
pronounced in the methodologically stronger studies.

Third, the literature has examined three treatment strategies involving IV
Bo-agonists. Originally, IV B>-agonists were compared to IV aminophylline in
most clinical trials in the 1970s and early 1980s (40% of the included papers).
However, as the standard of care for asthma has been refined, the routine use
of aminophylline has diminished, and inhaled B,-agonists have been
increasingly used. Consequently, there was a shift in focus to compare IV
versus nebulised [V By-agonists (40% of the included papers).

However, whether IV B,-agonists improve bronchodilator response when
given in addition to nebulised bronchodilators was only addressed in 20%
(3/15) of the studies under review.''*# These papers evaluated differing
populations (two adult and one pediatric population) and used different primary
outcomes thereby limiting any pooling of results. Each in isolation concluded
that IV Bp-agonists administered with By-agonists resulted in better primary
outcomes. [n one study of adults, a salbutamol infusion started after an initial
treatment of both nebulised salbutamol and IV hydrocortisone, resulted in a
greater improvement in PEFR than three successive nebulised treatments over
2 hours® In another study of children, a single IV bolus of salbutamol was given
in addition to nebulised salbutamol." The recovery time to cessation of
repetitive 30 minute administrations of nebulised salbutamol was four hours in
the IV group versus 11.1 hours in the control group. In addition IV salbutamol
“also lead to both a faster discharge from the ED (9.7 hours earlier than
controls), and lower dependency on supplemental oxygen. Consequently,
although the evidence suggests that IV B,-agonists alone are no better than
inhaled, the role of IV B,-agonists in addition to inhaled B,-agonists remains

unclear.
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Fourth, data regarding the IV route of administration in patients with
severe acute asthma suggest changes in treatment approaches. For instance,
the current recommendations for parenteral By-agonist therapy varies slightly
amongst the clinical practice guidelines produced by the Canadian, American,
and British organizations involved in acute asthma care35® All CPG's
recommend that IV or subcutaneous (SC) agents be introduced as second line
therapy only if the patient is unresponsive to inhaled bronchodilator and
systemic corticosteroid therapy, or if the inhaled route is not practical for the
patient (i.e. excessive coughing, too weak to inspire adequately, or moribund
patient). All CPG’s variously describe “near-death asthma”, or “life-threatening
asthma” as qualifying terms for adult candidates for [V bolus therapy or infusion
therapy. These are listed as alternative therapies paralleling inhalational
anaesthetics and IV methylxanthines.

However, most of the CPG recommendations for IV or SC agents
originate from low grade and/or low levels of evidence. For example, the CAEP
guidelines on parenteral agents cite evidence from 15 studies; however they
only included seven (four of which were methodologically strong) of the 15
papers which were included in this analysis.® The remainder of the studies
were non-trials, or studies evaluating SC routes of administration. The CPGs
need to continue to assimilate new information on the contextual pillars of
evidence-based medicine. Furthermore, the CPGs should illustrate the
importance of pursuing other modalities of treatment including the optimization
of corticosteroids, and potential treatments with magnesium.

In summary, use of IV By-agonists did not lead to any significant
differences in pulmonary functions, laboratory measures of ventilation and
oxygenation, and clinical failure. However, the findings suggest that IV B,-
agonists produce more autonomic side effects and higher heart rates. Thus, the
clinical benefit appears questionable, while the risks are more obvious. Such
‘lack of difference’ between the two treatment arms does not equate to
‘equivalence’ between the treatment arms, as much larger samples sizes would
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be needed to confirm the latter conclusion. The discordance between the
outcome domains of clinical failure despite improving pulmonary function
illustrates a potential flaw in using the latter domain as a measure of “successful

treatment.

EVALUATION OF THE SYSTEMATIC REVIEW
Methodological Strengths

When reading and reporting meta-analysis results, it is necessary to
have an organized approach. There have been recent publications that
specifically address this issue®*®*?', and following their criteria, the following

strengths are illustrated.

First, unbiased and complete identification of all relevant studies is of
paramount importance in assuring the validity of systematic review and meta-
analytic results, and therefore requires a comprehensive search involving
multiple overlapping strategies.®® The search strategies included in this meta-
analysis included comprehensive and reproducible electronic databases, book
chapters, cited bibliographies, experts, and personal contact with authors and
pharmaceutical companies. The trail of the exhaustive search of the published,
unpublished, English, and foreign papers is described fully in the Methods
section. Unpublished literature was solicited but not forthcoming from those
authors with expertise in the field. While these methods are not foolproof, it
seems unlikely that rigorous clinical trials exist that would substantially alter
these results. Restricting the analysis to randomised controlled trials resulted in

the inclusion of only the strongest available clinical evidence.?

Second, using two independent reviewers and explicit inclusion criteria
(for relevance and review) addressed biases in study selection.?®%® The
_.agreement for inclusion was high, and the comprehensive nature of the search
reduced the opportunity to introduce personal bias in study selection.
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Third, the validity of a trial is dependent on the degree to which its design
and conduct are likely to prevent systematic errors®; however as Greenhalgh
postulates, there is no ‘true gold standard’ against with to judge the ‘true’
methodological quality of a trial.* Quality and design features are known to
influence results®, for example, studies using poor methodology have been
shown to overestimate the treatment effect.** Moreover, other features including
concealment of allocation®, blinding and randomisation, have all been found to
influence the effect size.¥” In this review, the validity of included studies were
independently appraised using accepted scoring systems defined by Jadad
and the Cochrane Collaboration.”"*

Justification for Pooling of Results

A systematic review is secondary, retrospective research defined as the
application of strict, and rigorous scientific strategies that limit bias in the
systematic assembly, appraisal, and synthesis of all relevant studies addressing
the same fundamental question.®® Consequently the result reflects a valid
representation of whether the findings are consistent and generalisable across
populations, settings and treatment variations; and whether findings differ by
particular subgroups.®*® A meta-analysis is a statistical technique that
incorporates the quantitative results from independent studies in a review into a
single ‘pooled-estimate of effect’ coupled with a measure of precision.*® The
advantages are: (1) combining results across trials increases the sample size,
thereby increasing the statistical power to determine the presence or absence
of treatment effect; (2) a meta-analysis may unveil a significant effect from
treatment when individual trials are too small to reach statistical significance;
" and (3) the ‘pooled-estimate’ provides an ‘on average' measure of the overall

effectiveness of interventions 34,

In summary, the general purpose of pooling individual studies is to
provide a general effect of treatment. Based on sound methodological
principles, this systematic review combined the highest quality evidence from
similar trials. Furthermore, it would be sensible and efficient to combine those
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studies using |V Bz-agonists, since the sample sizes of the individual studies are
insufficient to reach a firm conclusion on their own. In addition, the decision to
combine results is based on demonstration of similarities in populations,
interventions, and outcome measurements between studies. By dividing the
papers into their respective categories, the issue of similarity was addressed.
As a result of these steps, the pooling of data was reasonable. Despite these
features, statistically significant heterogeneity was still found in some of the

analyses.

Methodological limitations

First, due to the small number of trials included in this meta-analysis, and
the overall small number of patients upon which the results are based, no firm
conclusions regarding subgroups by treatment (i.e. intravenous with nebuliser,
versus intravenous without nebuliser) or age can be made. Also, this review
analysed only the intravenous route of administration, and did not evaluate the

literature on subcutaneous routes of administration.

Second, there was significant heterogeneity in pooled estimates in nine
of the twenty-four outcome strata. However, on further sensitivity analysis it
appeared that papers of low methodological quality helped to explain much of
the heterogeneity. In particular, one paper (Swedish Society, 1990) was
responsible for the majority of the heterogeneity based on the following points:
(1) Differential Methodological Quality: The Swedish Society paper was rated
as the weakest paper amongst those in the review ( Jadad score = 1 ); (2)
Different Populations: All papers studied extremely severe asthmatic patients,
" however the majority of papers enrolled patients with mean PEFRs in the range
of 50 to 100 L/min, whereas the Swedish study evaluated patients with mean
PEFRs in the 160 to 170 I/min range (still defined as “severe < 200 L/min" by
international guidelines). (3) Different cointerventions: The Swedish study did

not administer any steroid therapy until two hours into the study protocol,
whereas all other papers introduced steroid therapy at time of enrollment into
the study. The effects of each of these factors on the homogeneity of the
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outcome domains were confounding in isolation and in whole by the very large
sample size of the Swedish study (n=176) in relation to the relatively smaller
studies (range n=14 to 71).

Third, despite the intensive search strategy employed, there still exists a
possibility of study selection bias or publication bias in this meta-analysis. For
example, through missing unpublished negative or positive trials we may be
estimating erroneously the non-significant effects of IV p,-agonists. However, a
comprehensive search of the published English and non-English literature for
potentially relevant studies was conducted, using a systematic strategy to avoid
bias. In addition, attempts were made to contact first and corresponding
authors. Despite these endeavors, no unpublished or non-English papers were
uncovered, however we recognize that they may exist.

Fourth, the best outcome measure for “success” in treating acute asthma
was measured variably between studies, and perhaps also within studies
(particularly in those studies relying on the subjective impression of
improvement by the patient or physician). Better standardization of this
outcome would improve study comparability. Most studies included PFT
outcome measures, namely: absolute PEFR, percent change in predicted PEFR,
FEV;, or percent change in predicted FEV,. The inherent variability of these
PFTs, particularly in the acute exacerbation, emphasizes the need for further
research into alternative measures, particularly assessment of factors that are
important to the patient. In addition, the evaluation of adverse side effects was
complicated by a lack of standardized reporting.
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SECTION 2.6 CONCLUSIONS

Despite the methodological limitations, the results of this work clarifies
the use of intravenous By-agonists in the treatment of severe acute asthma. The
use of IV B,-agonists did not lead to any significant differences in pulmonary
functions, laboratory measures of ventilation and oxygenation, and clinical
failure. However, the findings suggest that IV B-agonists produce more
autonomic side effects and tachycardia than do comparison treatments.
Consequently, the clinical benefit appears questionable, while the clinical risks
are obvious. The only recommendations for IV B,-agonist use should be in
those patients in whom inhaled therapy is not feasible, or in the context of a
controlled clinical trial comparing IV Bz-agonists with standard care versus
standard care alone. Future acute asthma research should focus on alternative
treatment options, and there is a need to adjust national and international

practice guideline recommendations for [V B,-agonists.
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ABSTRACT

Rationale: B,-agonists may be given by inhaled or systemic routes for
the treatment of acute asthma. However, little is known about the epidemiology
of the use of systemic By-agonists in North American Emergency Departments
(ED).

Objectives: To determine the prevalence of systemic (intravenous: IV,
subcutaneous: SC, intramuscular: IM, oral: PO) B,-agonist use in North
American Eds, and the factors associated systemic B,-agonist use for acute
asthma in EDs.

Methods: This prospective cohort study was performed in 77 North
American EDs affiliated with the Multicenter Asthma Research Collaboration
(MARC). Patients aged 2-54 presenting to the ED with acute asthma were
interviewed during their visit and by telephone two weeks later. Treatment
decisions were left to the discretion of the treating ED physician.

Results: Of 4099 eligible patients, 3031 were enrolled in the study
(74%); 1,847 were adult (18-54) and 1,184 were children (2-17). Overall, 5%
(144/3031) received systemic PB,-agonists; 117 (81%) within and 27 (19%) prior
to ED arrival. No patients received IV By-agonists. Univariate analysis
demonstrated that adults receiving SC B.-agonist required more frequent
inhaled Bp-agonist treatment (4 vs 3 during their stay), more systemic
corticosteroids (92% vs 67%) and stayed longer in the ED (243 minutes vs 180
minutes). Finally, admission rates were higher in the SC group (80% vs 54% in
adults; 77% vs 46% in children). Multivariate analysis of patient characteristics
revealed that increasing age (OR 1.2 per 10 years, 95%Cl: 1.0-1.3), use of oral
Bo.-agonists during the past four weeks (OR 1.8, 95%Cl: 1.1-2.9), maximum
severity scores (OR 3.3, 95%Cl: 1.8-6.1), and ED length of stay (OR 1.1, 95%Cl:
1.0-1.2) were independent predictors of systemic B,-agonist use.

Conclusions: The use of systemic B-agonists in North American EDs is
uncommon, and most frequently seen in patients with more severe
exacerbations of asthma. Clinicians should re-evaluate the role of systemic
agents and optimize other proven modalities of treatment such as
corticosteroids and inhaled B;-agonists.

Word count: 317
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SECTION 3.1 INTRODUCTION

Acute asthma is a common emergency department (ED) presentation in
North America. For example, acute asthma accounts for approximately 2.0
million ED visits and 460,000 hospitalizations in the US annually'?, together
costing at least $2 billion per year.® In Canada, acute asthma care both in the
ED and inpatient wards is responsible for over 300 million dollars in direct
health care costs.* Approximately 10-20% of patients presenting to the ED will
require admission to the hospital.®

Generally, the ED approach to acute asthma includes therapy with
agents that address the bronchospasm (inhaled B,-agonists) and inflammatory
(corticosteroids) components of the disease. In more severe cases, systemic
therapy with intravenous (IV) or subcutaneous (SC) Bs-agonists may be
warranted, however, there is debate over the effectiveness of this strategy.®®
Theoretically, patients may require alternative delivery of bronchodilators due to
the ineffectiveness of inhaled delivery to the airway in severe acute asthma. IV
or SC delivery has the potential to speed the bronchodilation in such cases.

Recommendations regarding IV or SC Bs-agonist use exist in current
national guidelines.”®'® However, far less is known about this aspect of acute
asthma care than other components such as inhaled ps-agonist and
corticosteroid use. The purpose of this study was to determine the prevalence
of systemic Bz-agonist use in North American ED sites involved in the
Multicenter Asthma Research Collaboration (MARC) studies. [n addition, this
" study examined the differences in asthmatic presentation, treatment and
outcomes between those patients who received Bs-agonists via the systemic

versus inhaled route.
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SECTION 3.1 METHODS

Design

MARC was created in May 1996. The first study, MARC-1, was
performed in late 1996 at 12 EDs across the USA. The subsequent MARC
studies (MARC 2, MARC 2y, MARC 2x,, MARC 3, and MARC 3x) have built upon
this foundation by recruiting additional sites for the MARC network. The MARC
studies were a series of prospective cohort studies examining the diagnostic
and therapeutic details of adult and pediatric patients presenting to North
American EDs. Their purpose has been to develop an ED research network for
future participation in randomized trials of acute asthma therapy, and to
describe current management of acute asthma. At present, investigators from
77 EDs in 22 US states and 8 EDs from five Canadian Provinces are involved in
MARC trials.

This study combined data from six prospective MARC cohort studies (see
Table 3.1: four adult and two pediatric) performed during October-December
1996, April-dune 1996, October-December 1997, April-June 1997, and March-
April 1998, respectively. ° Using a standardized protocol, 24-hour per day
coverage was provided at each site for a median of two weeks. The Institutional
Review Board at each of the participating hospitals approved the study, and
informed consent was obtained for all participants (See Appendix 3.1 and 3.2).

Table 3.1 MARC demographics

Date Population
MARC 1 Fall 96 adults
MARC 2 Spring 97 adults
MARC 2, Fall 97 adults
MARC 2, Spring 98 aduits
MARC 3 Fail 97 pediatrics
MARC 34 Spring 98 pediatrics 1

T ages 12-17 years

Eligible patients were those patients who presented to the ED and had a
physician diagnosis of acute asthma, were between 2 and 54 years of age, and
were able to provide informed consent (parental consent for pediatric cases).
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Ineligible patients were those with prior enroliment in a MARC study, major
concomitant disorders (i.e., pneumonia, bronchopulmonary dysplasia,
emphysema, or COPD); and patients with an ED visit which was not prompted
primarily by acute asthma. Minimal data were recorded for patients who
refused, were missed or were otherwise excluded from the study. Patients with
lost medical records were excluded because a diagnosis of asthma couid not

be confirmed.

Data Collection

Consenting patients were examined in the ED using a standardized
questionnaire by MARC research assistants who could not influence patient
management. The ED interview assessed demographic characteristics, asthma
history, and details of the current asthma exacerbation. Information was
collected until admission or discharge had been reached (see Appendix 3.3).
Further data on ED management and disposition were obtained from chart
review completed by study personnel. Follow-up data were obtained by
telephone interview two weeks after the initial ED visit and included details of
any urgent asthma visits, general health status, relapses to additional care,
changes in medical management, compliance with prescribed steroid therapy,
and current asthma symptoms.

Patients were asked to report use of short-acting oral B,-agonists (e.g.,
albuterol [Ventolin, Proventil]) or long-acting ps-agonists (e.g., salmeterol
[Serevent]) during the four weeks prior to ED visit. Patients who received
subcutaneous (SC), parenteral (intravenous: IV, or intramuscular: IM), or oral B,-
" agonist treatments during the six hours preceding ED arrival (pre-ED) or during
the ED visit were classified as having received a systemic Bs-agonist. Inhaled
short-acting and long-acting B.-agonist were not classified as systemic .-

agonist treatments.

Median family income was estimated using patients’ home ZIP codes."
Primary Care Provider (PCP) status was assigned on the basis of the question:
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‘Do you have a primary care provider (such as a family doctor, internist, or
nurse practitioner)?”. If yes, patients were asked to provide the name and
address of their PCP. Symptoms were classified as severe if patients answered
‘ves' to one of two questions referring to the 24 hours preceding their ED
presentation (i.e., asthma symptoms “most of the time” or “severe” discomfort
and distress due to their asthma). Smoking status was coded as never smoker,
current smoker, and ex-smoker.

For pediatric patients, questions pertaining to smoking status were asked
for patients age 12-17. Smoke exposure for pediatric patients was derived from
three questions about smoking status and passive smoke exposure in the home
(i.e., current smoking status and exposure to someone who frequently smokes
in the same room, asked of patients age 12-17, and exposure to someone who
frequently smokes in the same room, asked for all patients).

A severity score was derived using the Pulmonary Index (Pl) for pediatric
patients and PEFR for adult patients. Pl scores were calculated for pediatric
patients using respiratory rate, accessory muscle use, wheezing, and
Inspiratory:Expiratory (I:E) ratio. Based on a scale of 0 to 3 for each component
of the PI, a total was calculated with a maximum PI of 12.'? Peak expiratory flow
rate (PEFR) was expressed as percentage of patient's predicted value, based
on race, age, gender, and height.® Changes in PEFR were expressed as the
absolute change in percent of predicted (e.g., an improvement from 40%
predicted to 70% predicted would be expressed as a change of 30%). To allow
combination of pediatric and adult data, each variable (Pl and PEFR) was
+ divided approximately into quattiles: one, Pi>6 or PEFR<33%; two, Pl 5-6 or
PEFR 33%-45%; three, Pl 3-4 or PEFR 46%-60%,; four, Pi<3 or PEFR>60%. A
severity score of 1 to 4 was assigned based on these quartiles.

Site characteristics, such as the type of ED (i.e., general ED, ED in a

pediatric-only hospital, or ED in an adult-only hospital), and number of ED visits
for asthma over one year, were obtained from a site questionnaire completed by
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the principal investigator at each site. The questionnaire also ascertained
presence of standardized asthma treatment protocols in each ED. Published
sources provided additional information, such as presence of an emergency
medicine residency, hospital type, and estimated household income by hospital
ZIP (USA)" or postal (CANADA) code (Statistics Canada, Ottawa, 1999). Sites
were stratified into three domains of no systemic B,-agonist use; infrequent
systemic B,-agonist use (defined as less than 5% of all treatments); and frequent

systemic Bo-agonist use (defined as greater than 5% of all treatments).

Data preparation

Following complete data collection, all forms were reviewed by site
investigators before submission to the MARC Coordinating Center in Boston,
where they underwent further review by trained personnel and then double data
entry.

Data analysis

All analyses were performed using STATA 5.0 (StataCorp, College
Station, TX). Data are presented as proportions (with 95% confidence intervals
[Cl]), means (with standard deviation [SD]), or medians (with interquartile range
[IQR]). Imputed values were used to calculate the Pl score when one of the
elements (i.e., respiratory rate, accessory muscle use, wheezing, and |:E ratio)
were missing; patients missing more than one of the parameters were not
assigned a pulmonary index score. The association between systemic PBa-
agonist use and other factors was examined using Chi-squared statistics,
Student's t-test, and the Wilcoxon rank sum test, as appropriate. All p-values
" were two-tailed, with p<0.05 considered statistically significant. For those
variables with two or more strata, standardized cell deviates for differences in
Chi-square statistics were calculated for each domain.

Logistic regression analysis was used to determine the factors
associated with systemic Br-agonist use. Variables associated with systemic -

agonist use (p < 0.10) in univariate analysis were evaluated for inclusion in
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multivariate logistic regression models. Age, sex, and estimated median
household income were included in muiltivariate logistic regression models
because of their clinical importance. The area under the receiver operator
curve (ROC) was calculated for the final multivariate logistic regression model.
Factors were removed from the model to evaluate their influence on the area
under the ROC curve. All odds ratios (OR) are presented with 95% CI. All p-
values are two-tailed, with p<0.05 considered statistically significant.

There were two study populations under review, with subgroups based
on age (pediatric: 2-17 years, and adult: 18-54 years). The first comparison
group (termed ‘systemic group’) were those patients who received IV or SC Bo-
agonists during the study period. The second group, referred to as the ‘non-
systemic group’ (also termed ‘inhalation group’) received therapy with inhaled

Bo-agonists alone.
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Patients:

Of 2,496 eligible adult patients with acute asthma presenting to the ED
1,847 (74%) were enrolled (100 refused entry, 500 were missed, and 49 had
other classifications). From 1,603 eligible pediatric patients presenting to the
EDs over the study periods 1,184 (74%) were enrolled (45 refused, 346 missed,
28 other). All descriptive statistics described in the body of the results follow the
same sequence of (systemic group vs. non-systemic group, p-value).

MARC Site Characteristics

Table 3.2 illustrates the general ED characteristics of the MARC sites
according to frequency of systemic B,-agonist use. For the 77 sites, there were
no significant differences in general ED profiles, except for a higher proportion
of pediatric EDs in the hospitals with infrequent systemic B,-agonist use (22% vs
5% vs 6% for infrequent, nonuse, and frequent use sites respectively, p<0.05),
and a higher proportion of General EDs with frequent systemic By-agonist use
(94% vs 73% vs 61% for frequent, nonuse, and infrequent use sites

respectively, p<0.05).

Table 3.3 illustrates the asthma ED characteristics of the MARC sites
according to frequency of systemic Bs-agonist use. There were higher
percentages of total ED visits for asthma in the sites with frequent systemic B,-
agonist use (median 3.4), compared to those with infrequent use (median 3.0)
and no use (median 2.1) - these trends were statistically significant (p = 0.04).
" In addition, 81% of the hospitals that did not use systemic B,-agonists had less
than 2500 cases of asthma per year; 64% of the hospitals with infrequent
systemic B,-agonist use had less than 2500 cases per year; and 54% of the
hospitals with frequent B,-agonist use had more than 2500 asthma cases per

year.
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Overall, systemic B-agonist use was low in participating EDs; however,
use varied slightly across sites with a median of 1% (Interquartile Range (IQR)
across sites, 0% to 5%). While 48% (37/77) of participating sites reported no
systemic Bo-agonist use (nonusers), 30% (23/77) reported using systemic Bo-
agonists in less than 5% of patients (infrequent users), and 22% (17/77) report
using Bp-agonists in more than 5% of patients (frequent users). One smaller site
(n=13 patients) reported use in 31% (95% CI, 9% to 61%) of their patients.

Systemic B-agonist Use During Index Asthma Exacerbation

Among the 3031 ED asthma patients enrolled in the study, only 144 (5%;
95% Cl, 4% to 6%) received systemic Bp-agonist medications during their
current asthma exacerbation. In total, 3% (37/1184) of the pediatric patients
and 6% (107/1847) of the adult patients received systemic therapy. Overall, 27
(19%) received systemic B,-agonists pre-ED but not while in the ED (18 oral
medication, 9 SC/IM epinephrine), while 26 (18%) received SC epinephrine in
the ED only. The remaining 91 patients (63%) received SC terbutaline or
salbutamol in the ED. No patients received IV B,-agonists either in the ED or in

the 6 hours prior to the ED.

Demographic Characteristics
Table 3.4 illustrates the demographic characteristics of pediatric and

adult patients who received systemic versus inhaled Bs-agonists alone in the
ED. There were few major differences in demographic characteristics in both
the adult or pediatric subgroups with respect to route of administration.
. Pediatric patients given systemic B,-agonists were less likely to have parents
who were high school graduates compared to the inhalation group (54% vs.
71%, p <0.05), yet there was no statistical difference in age of patients between
the two groups. For the adult population there was a higher percentage of
African Americans among those who received systemic B.-agonists compared
to those who did not (33% vs. 21%, p<0.05). Furthermore, adults given
systemic ps-agonists had lower estimated household incomes than the
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inhalation group ($23,235 vs. $27,724, p<0.01). There were statistically
significant variations in the insurance status between adults with more patients
in the systemic group having Medicaid (41% vs. 27%, p<0.05), and more adults
in the inhalation group having ‘other public insurance plans’ (4% vs. 15%, p<
0.05).

Chronic Asthma Characteristics

Table 3.5 illustrates the chronic asthma characteristics of pediatric and
adult patients who received either systemic or inhaled therapy. In the pediatric
subgroup, there were no statistically significant differences in chronic asthma
characteristics between the systemic and inhalational groups, except for a
higher percentage of the latter group using the ED as a usual source for asthma
medication prescriptions (9% vs. 31% respectively, p< 0.01).

For the adult population, there were more previous hospitalizations and
more previous asthma ED visits in those patients who received systemic Bp-
agonists than those who received inhaled therapy (73% vs. 61%, p< 0.05 for
“ever hospitalized for asthma”, and 45% vs. 29%, p< 0.001 for “admitted for
asthma in the past year” and 3 vs. 2, p< 0.01 for “ED visits”). Furthermore, in the
four weeks prior to presentation those patients who received systemic therapy
in the ED were more likely to have taken inhaled B,-agonists (93% vs. 85%, p<
0.05), and more likely to have used other adjunctive therapies for their asthma
including: oral B,-agonists, non-B,-agonist and non steroid medications (46% vs.
35%, p< 0.05). Likewise, the systemic group was more likely to have received
corticosteroid medication for asthma at some point in the past (86% vs. 72%, p<
' 0.01).

The majority of the patients utilized the ED as their usual source for
asthma care (60% of the pediatric patients, and 70% of the adult patients using
the ED for primary asthma care). This was seen in both the systemic and
inhalational groups. There were no statistical differences in the remaining
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variables including: hayfever comorbidity, smoking status, history of intubation,
and ownership of a spacer and /or a peak flow meter.

Acute Asthma Characteristics

Table 3.6 illustrates the acute asthma characteristics of pediatric and
adult patients who received systemic B,-agonists and those that received non-
systemic therapy. In both age groups those patients who received systemic Bo-
agonists generally had more severe disease than those who received inhaled
agents alone. In the pediatric population, the systemic group had a shorter
duration of symptoms prior to ED arrival (24% less than 3 hours vs. 10% less
than 3 hours, p<0.05), with higher respiratory rates (39+16 vs. 32+11, p< 0.001),
lower oxygen saturations (92+10 vs. 95+4, p< 0.001), and more severe
Pulmonary Index Scores on ED presentation (6+4 vs. 4+2, p< 0.001).

Likewise, in the adult population the systemic group took more inhaled
B2-agonist therapy in the six hours prior to ED arrival (6 vs. 4, p< 0.01); and
presented with higher respiratory rates (25+6 vs. 2445, p< 0.01), lower oxygen
saturations (953 vs. 96+3, p< 0.01), lower initial peak expiratory flow rates
(18783 vs. 225497, p< 0.001), and lower percent predicted PEFRs (42+20 vs.
49+21, p< 0.01), than those receiving inhaled agents.

ED Course For Index Asthma Exacerbation

For the pediatric sample, those who received systemic B-agonists had
significantly more treatments with inhaled B,-agonists within the first hour (2 vs.
' 2; p<0.001) and over the entire ED stay (4 vs. 3; p< 0.0 1) than the non-systemic
group (Table 3.7). Although not statistically significant, there were more
children in the systemic group who were admitted to hospital (46% vs. 21%,
p>0.05).

For the adult population, those who received systemic B,-agonists had

significantly more treatments with inhaled B,-agonists within the first hour (2 vs.
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2; p< 0.001) and over the entire ED stay (4 vs. 3; p< 0.01). Furthermore, there
were more adults in the systemic group who received steroid therapy in the ED
than in the inhalational group (92% vs. 67%, p< 0.001). Patients who received
systemic therapy remained in the ED longer than those who received inhaled
therapy alone (243 minutes vs. 180 minutes, p< 0.001). Finally, systemic
therapy had significantly greater improvement in percent predicted PEFR
compared to inhaled therapy (30+21 vs. 24£19, p< 0.05). More patients given
inhaled treatment were discharged home (54% vs. 80%, p<0.05), whereas
more patients given systemic B,-agonist treatment left against medical advice
(8% vs. 2%, p<0.05). Those patients who were given systemic treatment had
higher admission rates for continued treatment than the inhaled group (32% vs.
16%, p<0.05).

Multivariate Analysis

A multivariate analysis of patient characteristics associated with using
systemic Bp-agonists (Table 3.8) in the ED revealed the following independent
factors: increasing age (OR 1.2 for each increase in age of 10 years, 95%CI:
1.0-1.3), use of oral B,-agonists during the past four weeks (OR 1.8, 95%CI: 1.1-
2.9), symptom Severity Score 4 (OR 3.3, 95%CI: 1.8-6.1), and longer ED length
of stay (OR 1.1, 95%CI: 1.0-1.2). For the multivariate logistic regression model
which includes both patient and site factors related to systemic B,-agonist use in
the ED there were minimal changes in each odds ratio except for an increase in
OR from 3.3 to 4.0 for the most severe symptoms category. When the strongest
patient factor (severity) was removed from the model the area under the ROC
curve only decreased from 0.79 to 0.77.
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SECTION 3.4 DISCUSSION _

This study represents the largest prospective cohort study to examine the
use of systemic B,-agonists in acute asthma. This study of North American ED
patients with acute asthma demonstrates that only 5% received systemic B,-
agonist medications during their visit. Most of these were administered in the
ED as subcutaneous injections however a small number also received systemic
B2-agonists prior to ED arrival. In this pre-ED group, the majority were patients
who received oral By-agonists in the six hours prior to ED arrival, with few
patients receiving SC epinephrine. Overall, systemic B,-agonist use was low in
most participating EDs; however, use did vary slightly across sites. Moreover,
the use of IV B-agonists was not observed in any patients in this study.

Through univariate analysis, adult patients who received systemic Bo-
agonists were more likely to have more severe acute and chronic asthma
characteristics, with more aggressive multi-drug treatment, longer ED stays, and
higher admission rates than those who received inhaled treatment.
Demographic, acute, and chronic asthma characteristics were essentially
unremarkable between those children who received systemic therapy and
those who received inhaled therapy. Multivariate analysis of all patient
characteristics revealed that increasing age, use of oral B,-agonists during the
past four weeks, maximum severity scores, and ED length of stay were
independent predictors of systemic B,-agonist use. Maximum severity scores
had the largest magnitude of effect on systemic By-agonist use. Incorporating
site characteristics into the regression model only increased the magnitude of
| association between more severe symptoms and systemic B,-agonist use. This
observation mirrors that seen in the univariate analysis, where sites using
systemic Bo-agonists were shown to have higher absolute and relative ED visits

for asthma.

There exists potential inter-physician and inter-departmental variability in
the way that medical teams treat asthma in the ED - this is reflected by the
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distribution of sites by frequency of systemic B,-agonist use. This may reflect the
general protean recommendations regarding asthma treatment, which in turn
reflects a possible lack of evidence-based summaries for their
recommendations. For example, Canadian and US ED physicians are
provided with clinical practice guidelines (CPG) for ED asthma treatment.”®
While some recommendations in the CPG are based on sound evidence-based
principles (i.e. aggressive use of inhaled bronchodilators and systemic
corticosteroids); the areas recommending parenteral therapy are not. These
CPGs recommend that systemic B,-agonists be introduced as second line
therapy only if the patient is unresponsive to inhaled bronchodilator and
systemic corticosteroid therapy (CAEP), or if the inhaled route is not practical for
the patient (i.e. excessive coughing, too weak to inspire adequately, or
moribund patient).”® These are listed as alternative therapies paralleling
inhalational anaesthetics, and IV methylxanthines. The guidelines differ slightly
between countries, where the Canadian CPG describes [V salbutamol or SC
epinephrine therapy’, and the American CPG describes only SC therapy with

epinephrine or terbutaline.?

Following the CPGs in either country, it would be expected that those
patients who received systemic Bz-agonists should have more severe asthma
compared to those who received non-systemic therapy. This trend was
observed in the cohort under study, and consequently the use of By-agonists is
consistent with current CPGs recommendations. However, most of the CPG
recommendations for IV or SC agents originates from low grade or low levels of
evidence.' In light of a recent systematic review and meta-analysis of the IV Bo-
agonist trials, there is little evidence to support IV use in severe acute asthma -
IV Bo-agonists did not demonstrate any significant differences in pulmonary
functions, laboratory measures of ventilation and oxygenation, or clinically
successful treatment . No formal systematic review of the SC Bs-agonist
literature has been completed to date, but based on the consistent lack of
benefit shown with the IV By-agonists, it is unlikely that SC agents would differ in

effect.
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The lack of evidence based practice pattems by North American
physicians is also reflected in the variable use of corticosteroids in this cohort.
Despite the wealth of evidence supporting corticosteroid use, and the CPG
recommendations that inhaled bronchodilators and corticosteroids be
maximized in any cases where systemic agents are used- only 86% and 92% of
the pediatric and adult populations respectively received corticosteroid agents
in this study. Moreover, only 53% of the MARC sites had guidelines for
managing asthma within the ED (61% at the nonuser sites, 39% at infrequent
use sites, and 56% at frequent use sites). The twofold increase risk of systemic
Bz-agonist use in those patients who take oral By-agonists reflects either a more
severe form of disease requiring multi-drug therapy, or inadequate treatment of
asthma. Whether these oral agents were prescribed through the ED or by
another non-ED caregiver is unknown.

The absence of IV B,-agonist use in this North American cohort warrants
further discussion. Differences in CPG recommendations between countries
may account for its lack of use. Intravenous formulations of B,-agonists may not
be available at all sites enrolled in the studies. Practice patterns may be
dictated by what evidence exists in the medical literature within that country,
and since there have been no methodologically sound clinical trials of IV B.-
agonists performed in North America its use may be limited by this fact.™ It is
possible that international research may identify different rates of IV B,-agonist
use in non-North American sites, as most clinical trials in this field have been

completed in these settings.

Research into the indications and evidence for SC Bg-agonist would be helpful
in clarifying the effectiveness and appropriateness of this route of
administration. Also, clinicians and researchers may have to re-evaluate and
possibly de-emphasize the role of systemic B,-agonist in the management of
severe acute asthma. With the knowledge of asthma as having both
inflammatory and bronchospastic components, other evidence-based treatment
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options should be pursued and optimized. These may include systemic or
inhaled corticosteroids'*'®, inhaled ipratropium bromide''®, and IV

magnesium.®

Methodological limitations

The present study has a number of potential limitations. First, MARC
sites are not a random sample of EDs in North America. Since these sites are
predominantly large, urban, academic institutions, these results may not be
generalisable to all asthma patients. However, it is the largest cohort of patients
ever sampled in the ED setting, and provides a sense of distribution of Bs-
agonist use among a diverse set of sites. Second, we were unable to examine
the role of interviewer factors, such as interviewer bias and training, on patient
response. However, sites attempted to standardize interviews as much as
possible prior to the start of the study. Third, PEFR measurement was not
standardized across sites. This may add some inaccuracy to the PEFR results,
but this should not systematically bias particular groups within the study.
Fourth, we were unable to identify prehospital factors associated with systemic
therapy in a comprehensive manner. It is unclear if the prehospital systemic
therapy was in the form of self-administration of medications or via dedicated
pre-hospital personnel. Fifth, ED management and the admission decision
were left to the discretion of the treating emergency physician, and there were
undoubtedly different approaches to acute asthma management across EDs.
Intravenous salbutamol is currently unavailable in the US for the ED
management of asthma, and is also not described in the US CPG for asthma.
Notwithstanding these concerns, the standardized methodology, large sample,
high rates of enroliment and follow-up provide the most comprehensive picture

of ED acute asthma care ever reported.

84



SECTION 3.5 CONCLUSIONS

Systemic Bp-agonists were used in approximately 5% of acute asthma
patients presenting to North American EDs. Patients receiving systemic agents
had consistently more severe markers of disease across each domain of acute
and chronic asthma. Moreover, patients given systemic Bs-agonists had more
intensive inhaled B,-agonist and corticosteroid therapy, with more admissions to
hospital. Multivariate analysis demonstrated that increasing age, use of oral -
agonists during the past four weeks, maximum severity scores, and ED length of
stay were independent predictors of systemic Bo-agonist use. Use of systemic
agents in only severe cases complies with current North American guidelines
for managing asthma, however recent evidence suggests that it is of
questionable clinical value The lack of universal use of corticosteroids in all
severe cases reflects practice variation and lack of adherence to current CPGs.
Physicians must modify their treatments of asthma to adhere to existing

evidence-based practices and optimize proven therapies.
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Section 4.1 OVERVIEW AND FUTURE DIRECTIONS

The recommendations for parenteral B,-agonists vary slightly amongst
the clinical practice guidelines put forth by the agencies involved in asthma
care."® Essentially, each recommend that parenteral B,-agonists be introduced
as second line therapy only if the patient is unresponsive to inhaled
bronchodilator and systemic corticosteroid therapy, or if the inhaled route is not
practical for the patient (i.e. excessive coughing, too weak to inspire adequately,
or moribund patient). This thesis challenges this approach and suggests that
many ED physicians are not following guidelines.

Chapter One has illustrated that changes in the understanding of the
pathophysiology of asthma have resulted in a re-evaluation of treatment
approaches. In particular more emphasis has been placed on the treatment of
the underlying inflammatory component of asthma pathophysiology.
Consequently, clinical practice guidelines must reflect this shift in focus and
base their methods on evidence-based summaries for each treatment that they
recommend. Evidence-based medicine emphasizes the importance of relying
on results from randomised trials in directing therapeutic decisions.* The
condition of asthma is well suited for a randomized trial, which requires the
condition to be common, with clear end points that occur within a relatively short
period.®

Chapter Two is the first study to systematically review and meta-analyze
the clinical trials involving IV By-agonists in patients with severe acute asthma
" that present to the ED. The pooled results fail to demonstrate a statistically
significant or clinically important difference in effect between IV B,-agonists and
all other treatments. Specifically, [V B,-agonists administered either by bolus or
infusion did not lead to any significant differences in pulmonary functions,
laboratory measures of ventilation and oxygenation, or clinical failure.
However, although statistically nonsignificant, the findings suggest that IV Bo-
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agonists produce more autonomic side effects and higher heart rates. Thus, the
clinical benefit appears questionable, while the clinical risks are more obvious.

Such ‘lack of difference’ between the two treatment arms does not
equate to ‘equivalence’ between the treatment arms, as much larger samples
sizes would be needed to confirm the latter conclusion. The majority of the
studies included in the meta-analysis have compared treatment with either IV or
nebulised By-agonists. The issue of whether IV B,-agonists improves the initial
bronchodilator response when given in addition to nebulised bronchodilator
and systemic corticosteroid therapy was addressed in only 20% (3/15) of the
included studies, each using slightly different primary outcomes. Consequently,
with so few papers the true effect of IV By-agonists administered with inhaled B.-

agonists remains unproved.

Chapter Three described the results from a large prospective cohort
study, and demonstrated that parenteral B,-agonists are rarely used in North
America. Furthermore, for the 5% of patients who received parenteral therapy,
the subcutaneous route was mainly used. Differences in asthma characteristics
were predominantly in the adult population where those patients who received
parenteral fp-agonists had more severe acute and chronic asthma
characteristics, more aggressive ED multi-drug treatment, and higher admission
rates. In a multivariate analysis, increasing age, use of oral B,-agonists during
the past four weeks, maximum asthma severity scores (PEFR < 33% in adults,
and Pulmonary Index Scores > 6 in children)®, and longer ED length of stay
were independent predictors of systemic B,-agonist use.

Use of parenteral agents in only severe cases complies with current CAEP and
NHAEEP CPG's for managing asthma.'® However, based on the consistent
lack of benefit shown with the IV By-agonists, it is unlikely that SC agents would
differ in effect. Consequently concern is raised about the strength of the CPG
recommendations in this area. Furthermore, many physicians are not following
guidelines, illustrated by the variable use of corticosteroids in this cohort.
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Despite the wealth of evidence supporting corticosteroid use, and the CPG
recommendations that inhaled bronchodilators and corticosteroids be
maximized in all severe cases (before giving parenteral agents) - only 86% and
92% of the severe pediatric and adult populations respectively received
corticosteroid agents in this study. The lack of any IV B,-agonist use in North
America during the MARC trials is likely muiltifactorial: differences in CPG
recommendations between countries; availability of intravenous formulations;
physician preference; or lack of North American clinical trials on IV agents.

On the basis of these chapters there are several implications both for

clinical practice and research.
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Section 4.2 IMPLICATIONS FOR PRACTICE

» Based on this thesis, providing intravenous By-agonist either as an adjunct to
or replacement of inhaled bronchodilator therapy appears to offer no clinical
or statistical benefit. However, physician experience, and patient preference
should also be weighed in the treatment decision.

e This thesis examined only trials with severe acute asthma patients, so the
benefit in ventilated patients has not been examined.

e The utility of intravenous Bp-agonists in the pediatric population remains
unclear as too few pediatric clinical trials were identified.

e The only support from this thesis for [V B,-agonist use would be in the context

of a methodologically sound clinical trial comparing IV B,-agonists, in

combination with current standard of care, versus standard of care alone.

IMPLICATIONS FOR CLINICAL PRACTICE GUIDELINES

» Clinicians must evaluate and critically appraise clinical practice guidelines
to determine if they are built on a foundation of evidence-based medicine.

o Collaborators who construct clinical practice guidelines must incorporate

evidence-based summaries into the framework of the guideline in a timely

manner.
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IMPLICATIONS FOR RESEARCH

Section 4.3

Population

e The effectiveness of IV Bs-agonists in pediatric patients with severe acute
asthma exacerbation’s that present to the ED remains to be determined.

e Research must identify modifiable risk factors and predictors for “near death”

or ‘“life-threatening asthma”, and steps taken to improve the outpatient
management of asthma.

Interventions
o Despite the strength of the findings from this review, many questions still

remain regarding the optimal treatment of acute asthma presenting to the
ED. For example, future methodologically sound clinical trials could be
justifiable to clarify whether IV By-agonists improve the initial bronchodilator
response when given in addition to nebulised bronchodilator (B,-agonists +/-

anticholinergics) and corticosteroid therapy (intravenous, oral, or inhaled).
e The evidence for subcutaneous routes of Bs-agonists (both selective and

non-selective) must be formally evaluated via a systematic review.

Outcomes

Future research on acute asthma must concentrate on well defined outcomes
which may lead to more informative overviews in the future. More specifically
the foliowing areas must be refined:

e Statistical planning and sample size calculations must be more carefully
considered. Trials should be large enough to protect against type Il error,
and when multiple statistical tests are performed the increased risk of type |
error should be addressed.

e Complete reporting of PFT data in a systematic and standardised fashion

would assist in further work (i.e. reporting of % predicted PEFR and changes
in %PEFR).
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The inherent variability of these PFTs, particularly in acute asthma,

emphasizes the need for further research into alternative measures,
particularly assessment of factors that are important to the patient.

Standardization and complete reporting of symptom data and universal
descriptions of what defines a “clinical success”
Standardization and complete reporting of adverse reactions and side

effects
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Appendix

Author: Reference Number: Year:

POPULATION

Number of Patients

Iv_beta agonist Rx

Comparison Rx

# patients considered for trial

# palients meeting inclusion criteria

# patients meeting exclusion criteria

reasons for exclusion

IR f-?f'{';‘:“DemQ'g'raphic‘s T

v beta agonist Rx

Comparison Rx

Mean Age

Standard Deviation

Lower Limit

Upper Limit

Number Male

Number Female

Mean Weight

Mean Height

e —

-Mean'Vital-Signs"(“standard deviations ) i -3

lv_beta agonist Rx

Comparison Rx

Heart Rate

Respiratory rate

Blood Pressure

Sa02

Pulsus Paradoxus

Pulmonary Symptomatology

Clinical Index ( if given: scores 0 - 15)

Pulmonary Index >= 7

R ~Lab ‘Investigations ik zaen -

i SO G, M

Iv beta agonist Rx

Comparison Rx

pH

Pa02

PaCO2

Glucose

Potassium

Y5

- v sk a-PulmonarysFunction ciidi T L ER 0

Y g

Iv_beta agonist Rx

Comparison Rx

PEFR

% Predicted PEFR

FEV1

% Predicted FEV1

FVC

% Predicted FVC
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Author:,

, Reference Number:

Appendix

Year:

IV BETA AGONIST

Prehospital Meds

v beta agonist Rx

Comparison Rx

Unhaled Beta-aqonists

Anti-cholinergics

inhaled Steroids

Qral Steroids

Methylxanthine Derivatives

Mast Cell Stabilizers

L N ' Standard “TreatmentZ “ii0r o
{ ©, O,byNPV( % FiQ,) [ k O,byPPV (intubated)
[ L salbutamol neb ( )} mg every min [ Lk crystalloid (NS/RL)( ) mliv
[ L hydrocortisone (___)mgiv [ Ek aminophylline ( ) mg/kg iv
{ L prednisone ( ) mg po [ b O;byNPV(__%FiO,)
[ Lk other
eyl G =IntravenouseBetatagonist STreatment v s MGy
Name
Mean Time Given
Bolus Dose
Frequency

Infusion Dose

i e 02w i Comparison STreatments®is s Tt i iming
Name
Mean Time Given
Bolus Dose
Frequency

Infusion Dose

Placebo ( if used )

“Qthersstuffifiesasr e

:.. 7’ < \\,3?{ [ "Q}E

|lv beta agonist Rx

Companson Rx

Cointervention description (if any)

Contamination description (if any)
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Appendix

Author:, Reference Number: Year:

OUTCOME

Number of Subjects -
lv beta agonist Rx

Comparison Rx

Number Given Rx
Number Followed Up
% Follow-up

Reason for drop outs

L o - -Mean Vital Signs:(:standard deviation ) oo R
Heart Rate Resp Rate Blood Pressure

iv beta comparison iv beta comparison iv beta agonist comparison Rx

agonist Ax agonist Ax

15 min
30 min
45 min
60 min
90 min
120 min
3 hours
6 hours
other

= - Mean®Pulmonary *Function :(“standard:deviations) - v iigd
PEFR % Predicted PEFR
comparison Bx iv beta agonist comparison Rx

iv beta agonist

15 min
30 min
45 min
60 min
90 min
120 min
3 hours
6 hours
other

= <+ Mean Pulmonary *Function:(-standard:deviation’)- - " 7Z&ad
FEV, % Predicted FEV,
iv beta agonist comparison Bx iv beta agonist comparison Rx

15 min
30 min
45 min
60 min
90 min
120 min
3 hours
6 hours
other
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Additional Notes
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Review: IV bela-agonists in acute asthma
Comparlson: IV vs. All Treatments

Outcome: PEFR @ 15 minutes
Expt Expt Ctrl Ctrl wWMOD Weight WMD

Study n mean(sd) n mean(sd) (95%CI| Random) % (95%C! Random)
Intravenous beta-agonist vs. Inhaled beta-agonist

Bloomfield, 197 10 -137.00(40.00) 10 -123.00(31.60) —_—te 123 -14,000{-45.986,17.986)

Swedish Soclety 89  -214,70(52.80) 87 -235.30(52.20) —f2. 40.6  20.600 (5.087,36.113)

Van Renterghe 11 -100.00(40.80) 12 -111,00(27.00) —_—— 15,1 3.000(-25.543,31.543)
Sublotal {(95%C1) 110 109 —— 67.9  7.012{-13.340,27.364)
Chi-square 4.10 (dI=2) Z2=0.68
Intravenous bela-agonist vs. inlravenous methylxanthine .

Johnson, 1978 20 -146.00(44.70) 19  -145,00(G65.40) —_—— 102  -1.000{-36.335,34.335)

Williams, 1975 11 -90.00(25.00) 9  -104.00(27.00) =t 21.9  14.000{-9.010,37.010)
Sublolal (95%Cl) 31 28 —_——— 321 9.533(-9.748,26.015)
Chi-square 0,49 (df=1) Z=0.97
Tolal (95%Cl) 141 137 — 100.0  10.060 (-1.661,21.762]
Chi-square 4,63 (dl=4) 2=1.66

400 _-50 0 _ 50 _ 100

Favours Trealment

Figure 2.1.1

Favours Control

120



Review: [V beta-agonists In acute asthma
Comparison: IV vs, All Treatments

Outcome: PEFR @ 30 minutes
Expt Expt Ctd ctl WMOD Weight  WMD

Sludy n mean{sd) n mean{sd) (95%C! Random) % (95%CI Random)
Inlravenous bela-agonist vs. inhaled bela-agonist —

Bloomficld, 197 10 -126.00(268.70) 10 -132.00(34.50) —_— 26.2  4.000(-23.815,31.815)

Swedish Society 69 -210.30(53.80) 87 -238,80(57.80) WA.I 39.1 28.500 (11.994,45.006)

Van Renlerghe 11 -110.00(47.80) 12  -104.00 {41.80) — 18.9  -6.000 [-42.842,30.842)
Subtotal (95%Cl) 110 109 ——— 84.2  13.174[-8.438,34.785)
Chi.square 4,15 (dI=2) 2=1.19
Intravenous bela-agonist vs, inlravenous methylxanthine

Williams, 1975 11 -128.00(53.00) 9  -118.00(43.00) ——— 15.8  -10.000{-52.074,32.074}
Sublotal {95%C!) " 9 15.8  -10.000 [-52.074,32.074}
Chi-square 0.00 (df=0) Z=0.47
Total (95%Cl) 121 118 100.0  9.480 {-10.445,29.405)
Chi-square 5.75 (d1=3) 2=0.93

400 _-50 0 _ 50 _ 100

Figure 2.1.2

Favours Trealment

Favours Conlrol
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Review: [V bela-agonists In acute asthma
Compatlson: IV vs, All Treatments

Outcome: PEFR @ 45 minutes
Expt Expt cint Cirl WMD Welight WMD

Sludy n mean(sd) n mean(sd) (95%Cl Random) % {95%CI Random)
fntravenous bela-agonist vs. inhaled beta-agonist —.

Bloomfield, 197 10 -124.00(43.60) 10 -129.00 (40.20) —_—— 64,5  5.000[-31,757,41,757)

Lawford, 1970 6 -123.30 (87.00) 7 -133.60 (71.40) * 114 10.300 (-77.130,97.730)
Sublotal (95%ClI) 16 17 et 759  5.796 (-28.086,39.660}
Chi-square 0.01 (di=1) 2=0,34
Intravenous beta-agonist vs. intravenous melhylxanthine

Williams, 1975 11 151,00 (72.00) 9 -131.00 (G5.00) —_———t—— 24,1 -20.000(-00.115,40.115)
Sublolal (85%Cl) 11 9 ——— 241 -20.000(-80.115,40.115)
Chi-square 0,00 (d1=0) 2=0.65
Total (95%Cl) 27 26 ———— 100.0  -0.424 -29.942,29,095)
Chi-square 0.55 (dl=2) Z=0,03

2100 50 0 _ 50 _ 100

Favours Trealment

Figure 2.1.3

Favours Control
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Review: {V beta-agonists In acute asthma
Comparison: IV vs. All Treatments

Outcome: PEFR @ 60 minutes
Expt Expt Ctrl Ctrl WMD Welght WMD
Sludy n mean{sd) n mean({sd) (95%CI1 Random) % (95%C! Random)
Inlravenous beta-agonist vs, inhaled beta-agonist
Bloomfield, 197 10  -137.00(45.90) 10 -125.00(47.80) - 13.4  -12.000(-53.074,29.074]
Cheong, 1988 37 -137.90(37.20) 34  -149.00 (53.40) —t 19.4  11,100(-10.484,32.664)
Salmeron, 1994 25 -123.00(82,00) 22 -174.00(90.00) pm—e———— 11,3 51,000 {1.526,100.474)
Swedish Sociely 89  -200,00 (58.50) 87  -256.20(70.00) —— 20,1 56.200(37.119,75.261)
Van Renlerghe 1" -99.00 (40.00) 12 -111.00(GA4.40) —_—— 12.7 12,000 [-31.693,55.693)
Subtolal (95%Cl) 172 165 P —— 76.9  24.711[-2.923,52.344)
Chl.square 15.53 (dl=4) 2=1.75
Intravenous bela-agonist vs, inlravenous methyixanthine
Johnson, 1978 20 -132.20(46.10) 19 -150,00 (65.80) —_—r—— 14.9  16.700[-19.128,52.528)
Williams, 1975 11 -161,00 (85.00) 9 -134.00 (64.00) ———e—o"l— 8.1 +27.000 [-92.357,38.357)
Subtotal (95%Cl) 31 20 ——e——— 231 3.749 {-35.364,42.862)
Chi-square 1,32 (df=1) Z=0.19
Total (85%C1) 203 193  — 100.0  19.420{-3.694,42.533)
Chl-square 18,83 (dI=6) 2=1.65
100 -5 0 _ 50 100

Favours Trealment

Figure 2.1.4

Favours Conlrol
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Appendix

Review: IV beta-agonists In acute asthma
Comparison: IV vs, All Treatments

Qutcome: PEFR @ 120 min
Expt Expl Cunl Clrl WMD Weight WMD

Sludy n mean{sd) n mean(sd) (95%Cl Random) % (95%CI Random)
Intsavenous Bolus
(m\_ooa«_aa_ 197 10 -157.00(57.50) 10 -177.00(70.20) ——————— 163 20.000(-36.243,76.243}
(4%2:»: Soclely 89 .227.90(67.90) 87 -279.40 (67.10) —a— 30.6  51.500[31.555,71.445)

an Renterghe 11 -127.70(65.40) 12 -122.00 (50.10) .I.IJI. 21.0  -5.700-53.630,42.230)
Subtotal (95%Cl) 110 109 st 69.9  27.371[-10.200,64.942)

Chi-square 5.25 (d1=2) Z=1.4)

Intravenous Infusion

Cheong—1988———37—=15Z40 [37.20] 34 ——=148:00(53:40)
34

T30 T=404001:25:984;17-164]~

Subtotal (95%Cl) 37 ——— 30.1  -4,400(-25.984,17.184)
Chi-square 0.00 (df=0) Z2=0.40
Tolal (95%CH) 147 143 ——t——— 100.0  16.911-18.597,52.418)
Chl-square 15.42 (df=3) 2=0.93

00 _-50 0 50 100

Favours Treatmenl  Favours Control

Figure 2.1.5
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Acpendix

Review: IV beta-agonists in acute asthma
Compatlson: IV vs. All Treatments

Oulcome: PEFR Flnal
Expt Expt Ctrl Ctrl WMD Weight wWMD
Sludy n mean(sd) n mean(sd) {95%C! Random) % (95%CI Random)
Intgavenous Bolus
_\ov_ omfield, 197 10 -157.00(57.50) 10 -177.00 (70.20) —_————— 9.8 20.000 [-36.243,76.243)
an Renlerghe 11 -127.70(65.40) 12 -122.00 (50.10) —_—t 132 -5700(-53.630,42.230}
Sublotal (95%Cl) 21 22 —t—— 231 5112(-31.368,41.592)
Chi-squate 0.46 {dI=1) Z2=0,27
Intravenous Infusion
€hrong;-1960——37—-180.50.(37.20 |L/ﬂbﬁww...§ Ty 50.0  -19.300 (-40.884,2.284]
Johnson, 1978 20 -148.00(46.10) 19 68.00°(68.40) —t—— 21.3  20.000 {-16.799,56.799]
\Slmeron, 1994 12 240,00 (115.00) 22 -254.00 (90.00) 56 14,000 [-61.154,89,154)
Sublotal (95%Cl) 69 75 ————— 769 -1.570 [-31.028,27.888)
Chi-square 3.61 (dI=2) Z=0,10
Total (95%Cl) 80 97 —— 100.0  -3.380(-21.547,14.788)
Chi-square 4.46 (df=4) Z=0.36
100 50 0 50 100
Favours Treatment  Favours Control

Figure 2.1.6
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Review: IV beta-agonists In acute asthma
Comparison: % Predicted PEFR Trlals

Outcome: % pred PEFR at { hour
Expt Expt Clrl Cirl WMD Welght WMD
Styucy n mean(sd) n mean(sd) (95%Cl Random) % (95%C! Random)
~”Chaong, 1988 37 -31.00 (6.90) 35 -32.00 (9.10) H 62.6  1.000{-2.746,4.746)
~Hussein, 1986 7 ~42.00 (15.10) 7 -31.00 (10.40) ll 141 -11,000(-24.583,2.583)
Van Renterghe 11 -21.30(12,10) 12 -19.20(12.10) — 233 -2.100[-12.000,7.800}
Total (95%Cl) 55 54 100.0 -1.419 {-7.001,4,162)
Chl-square 2.96 (d1=2) 2=0.50
00 _-50 0 _ 50 100
Favours Trealment  Favours Conlrol

Figure 2.2.1
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Review: IV beta-agonlsts In acute asthma
Comparison: % Predicted PEFR Tilals

Outcome: % pred PEFR at 2 hours
Expt Expt Curl Clrl WMO Welght WMD
Sludy n mean(sd) n mean(sd) (95%Cl Random) % (95%C! Random)
Cheong, 1988 37 -34.00(6.90) 35 -32.00(9.10) T 87.5 2,000 [-5.746,1.746)
Van Renterghe 1 -26.20 (12.10) 12 -21,10(12.10) 125  -7.100(-17.000,2.800)
Total (95%Cli) 48 47 100.0 -2.639(-6.142,0.865)

Chi-square 0.89 (df=1) Z=1.48

Figure 2.2.2

-100 _-50 '
Favours Trealment

0

50 100
Favours Control
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Review: IV beta-agonists In acute asthma
Comparlson: % Predicted PEFR Trlals

Outcome: % pred PEFR at 3 hours
Expt Expt Ctrl Ctil WMD Weight WMD
Study n mean(sd) n mean(sd) (95%Ct Random) % (95%Cl Random)
Cheong, 1988 37 -36.90 (6.90) 35  -33.10(9.10) 744 -3.800(-7.546,-0.054)
Hussein, 1986 7 ~46.70 (21.60) 7 -31.00 (6.50) 25,6  -15.700(-32.410,1.010)
Total (95%C1) 44 42 100.0  -6.849(-17.032,3.333)

Chi-square 1.85 (dI=1) Z=1.32

Figure 2.2.3

4100 _-50 . 0 50 100
Favours Trealmen!  Favours Conlrol
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Review: IV beta-agonists in acute asthma
Compatison: % Piedicled PEFR Tilals

Qutcome; % pred PEFR at 6 hours
Expt Expt Ctrl Clrl WMD Weight WMD
Study n mean(sd) n mean(sd) (95%C) Random) % (95%C! Random)
Cheong, 1968 37 -40.40 (6.90) 35 -34.00 (9.10) El 79.7  -6.4001{-10.146,-2.654)
Hussein, 1986 7 -54.00 (21.60) 7 -36.00 (10.90) —t— 20.3  -18.000(-35.923,-0.077}
Tolal (95%Cl) 44 42 -] 100.0  -8.753 [-17.895,0.390)
Chi-squate 1.54 (d1=1) Z=1.88
100 _-50 + 0 50 _ 100
Favours Trealmen!  Favours Control

Figure 2.2.4

129



Appendix

Review: IV beta-agonists In acule asthma

Compatison:  FEV1 Tilals

Outconte: FEV1 at 15 minutes
Expt Expt Ctl cu WMD Welght WMD
Sludy n mean{sd) n mean(sd) (95%Cl Fixed) % (95%CI Fixed)
Johnson, 1978 20  -0.85(0.21) 19 -0.82(0.18) ..mm. 48.0  -0.030 {-0.153,0.093)
Sharma 1, 1984 10 -0.85 (0.19) 10 -0.87 (0.19) = 26.0  0.020-0.147,0.187]
Sharma2,1964 10 -1.24 (0.10) 10 -0.87(0.19) — 260  -0.370]-0,537,-0.203)
Tolal (95%C1) 40 39 - 100.0  -0.105(-0.190,-0.020}
Chi-square 13,33 (df=2) Z2=2,43
-1 0 1

Figure 2.3.1
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Review: [V beta-agonists In acute asthma

Compatlson:  FEV1 Trlals

Outcome: FEV1 at 45 - 90 minutes
Expt Expt Ctrl Ctd WMD Welght WMD
Study n mean(sd) n mean(sd) (95%CI Fixed) % (95%CI Fixed)
Johnson, 1978 20 -0.80 (0.27) 19 -0.94 (0.40) —-—— 30.5  0.140(-0.075,0.355)
Lawford, 1978 7 -1.08 (0.51) 6 -0.73(0.22) - 8.1 -0.350(-0.767,0.067}
Sharma 1, 1004 10 -0.92 (0.31) 10 -0.93 {0.31) —— 19.2  0.010[-0.262,0.282)
Sharma2,1984 10  -1.31(0.31) 10 -0.93(0.31) —_— 19.2  -0.380(-0.652,-0.108)
Williams, 1981 8 -0.92 (0.25) 7 -0.92 (0.24) —— 23.0  0.000 [-0.248,0.248)
Tolal (95%Cl) 55 52 ~t 100.0 -0.057 (-0.176,0.062)
Chl-square 10.90 (df=4) Z=0.93
-1 0 1
Favours Treatment  Favours Control

Figure 2.3.2
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Review: IV beta-agonists In acute asthma

Comparison; FEV1 Tilals

Outcome: FEV1 at3 -4 hours
Expt Expt Ctrl Ctrl WMD Welght WMD
Study n mean(sd) n mean(sd) {95%CI Fiyed) % (95%CI Fixed)
Johnson, 1978 20 -0.97 (0.41) 19 -1.04 (0.46) — 33,0  0.070(-0.204,0.344)
Shatma 1, 1984 10 -0.89 (0.31) 10 -0.91 (0.31) ——e 315  0.020(-0.252,0.292)
Sharma 2, 1964 10 -1,17 (0.31) 10 <0.91 (0.31) —_—— 335 -0.260(-0.532,0.012}
Tolal (95%Cl) 40 39 e 100.0  -0.057 (-0.215,0.100)
Chi-square 3.20 (d1=2) 2=0.71%
) 0 1

Figure 2.3.3
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Review: IV beta-agonists In acute asthma
Comparison: IV vs, All Treatments

Outcome: Heart Rate @ 15 min
Expl Expt Ctrl ctel WMD Weight WMD
Sludy n mean(sd) n mear(sd) {95%C! Random) % (95%C! Random)
Intravenous beta-agonist vs. inhaled bela.agonist
Bloomlield, 197 10 148.00(13.10) 10  127.00(17.10) - 15.7  21.000(7.649,34.351)
Swedish Sociely 89  107.00(14.10) 87  105.00 (14.00) ﬁ 34.5  2.000(-2.152,6.152)
Van Renterghe 11 118.00(22.20) 12 113.00(14.20) ITI 13.1  5.000{-10.384,20.384)
Subtotal (95%Cl) 110 109 +om 63.4  8,355(-3.393,20,103)
Chi-square 7.12 (dI=2) Z2=1.39
Intravenous bela-agonist vs, intravenous methylxanthine
Johnson, 1978 20 115.00(17.80) 19  110.00 (17.40} - 194  5.000(-6.080,16.080)
Williams, 1875 11 1208.00 (14.00) 9 116.00 (14.00) -~ 17.3 12,000 (-0.333,24.333}
Sublotal (95%CH) N 28 [ 366  8.126(-0.116,16.360)
Chi-square 0.68 (dI=1) Z=1.93
Total (95%Cl) 141 137 o~ 100.0 7.690(0.867,14.512)

Chi-square 8.69 (di=4) Z=2,21

-100

.50

0 50 100

Favours Trealment  Favours Control

Figure 2.4.1
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Appendix

Review!: IV beta-agonists In acute asthma

Comparison: IV vs, All Treatments
Outcome: Heart Rate @ 30 minutes
Expt Expt Clel Crl wMD Weight WMD
Sludy n mean{sd) n mean{sd) (95%Cl Random) % {95%Cl Random)
Intravenous beta-agonist vs, inhaled beta-agonist
Bloomlield, 197 10 136.00 (16.10) 10 126.00(16.10) 14.2 10.000 [-4.112,24.112)
Chcong, 1988 37  105.00(14.00) 34  101.00(17.00) 246 4,000 (-3.280,11.260])
Swedish Sociely 89  98,00(12.30) 87  102.40(14.90) & 30,2 -4.400[-8.441,-0.359)
Van Renletghe 11 119.00(17.20) 12  111.00(15.20) +a— 15.2  8.000(-5.315,21.315)
Sublolal (95%Cl) 147 143 - 04,2  2.550(-4.690,9.791)
Chi-squate 8.62 (df=3) Z=0.69 '
Intravenous beta-agonist vs, intravenous methylxanthine
Williams, 1975 11 126.00(14,00) 9  115.00(15.00) -t 158 11.000{-1.825,23.825)
Subtotal (95%Cl) 11 9 e 158 11.000{-1.825,23.825)
Chi-square 0.00 (df=0) Z=1.68
Total (95%Cl) 158 152 > 100.0  4.028 {-2,976,11.033)
Chi-squate 11.81 (d=4) Z2=1.13
400 _-50 O 50 _ 100
Favours Treatment ~ Favours Control

Figure 2.4.2
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Review: IV beta-agonists In acute asthma
Compatison: IV vs, All Trealments

Outcome: Heart Rate @ 45 minules

Expt Expt Ctil Ctrl WMD Weight WMD
Sludy n mean(sd) n mean(sd) {85%CI Randoin) % (95%C| Random)
Intravenous bela-agonist vs. inhaled beta-agonist

Bloomficld, 197 10 129,00 (15.40) 10 120.00 (18.00) L 33.5 9.000 (-5.682,23.682)

Lawiord, 1978 7 135.40(17,10) 9 104.90 (26.20) —tfe 20.8  30.500(9.205,51.795)
Subtotal (§5%Cl) 17 19 543  18.310(-2.570,39.190)
Chi-square 2.65 (dI=1) Z=1.72
Intravenous bela-agonist vs, intravenous methylxanthine !

Williams, 1975 11 126.00(13.00) 9 116.00 (11.00) = 45,7  8.000{-2.520,10.520)
Subtotal (95%Cl) 1 9 - 45.7  6.000(-2.520,18.520}
Chi-square 0.00 (di=0) 2=1.49
Total (95%Cl) 28 20 — 100.0  13.017{1.575,24.459]
Chi-square J.59 (dI=2) Z=2.23

Figure 2.4.3
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Review: IV betaagonists In acule asthma
Comparison: IV vs, All Trecatments

Outcome: Heart Rate @ 60 minutes
Expt Expt ctrl Ctrl WMD Weight WMD
Study n mean(sd) n mean(sd) (95%C1 Random) % (95%C! Random)
Intravenous bela-agonist vs, inhaled beta-agonist
Bloomficld, 197 10 120.00(12.20) 10  118.00(19.00) 1 9.3 11,000 [-2.995,24.995)
Cheong, 1988 37 114.00(17.00) 34  106.00(15.00) e 13.4  8.000 (0.555,15.445)
Hussein, 1986 9 165,00 (17.40) 9 140,00 (23.70) 3 6.0 15,000 [-4.209,34,209}
Saimeron, 1994 25 122.00(18.00) 22  115.00(19.00) S 114 7.000(-3.622,17.622)
Swedish Socicty 089 95,00 (14.10) 87  105.00(19.60) #* 14.8  -10.000 [-15.054,-4.946)
Van Renterghe 11 117.00(19.90) 12 114,00 (16.70) [Jp W 8.7  3.000(-12.006,18.086}
Sublotal {(95%CIl) 181 174 o 64.5  4.544(-4.892,13,979)
Chi-square 25.73 (df=5) 2=0.94
Intravenous beta-agonist vs. intravenous methylxanthine
Johnson, 1978 20 11540(16.50) 19  108.00(15.30} Lo 11,8 7.400(-2.581,17.381)
Tribe, 1976 " 101,00 (9.30) 12 106.60 (12.20) - 126  -5.600 [-14,423,3.223)
Williams, 1975 11 126.00(14.00) 9 119.00 (11.00) e 112  7.000{-3.959,17.959]
Sublotal (95%Cl) 42 40 - 35.5 2.537[-6.283,11.350)
Chi-square 4,77 (d1=2) Z=0.56
Total (95%Cl) 223 214 - 100.0  3.645(-2.899,10.189)
Chi-square 31.23 (dI=8) Z=1.09

Figure 2.4.4
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Agpendix

Review: IV beta-agonists In acute asthma

Comparlson: IV vs, All Treatments
Outcome: Heart Rate @ 120 minutes
Expt Expt Ctel Clrl WMD Weight  WMD
Sludy n mean(sd) n mean(sd) {95%Cl Random) % (95%C| Random)
Inltpvenous Bolus lo_n
lpomfield, 197 10 118.00(18.90) 10 123.00 (9.80) 15,4 -5.000(-18.195,8.195)
597 14 152.00(18.90) 15 142,00 (14,00) e 15.7  10.000 [-2.174,22,174}
dish Socicty 89 94.00 (15.10) 87  105.00 (14.00) « 19.0  -11.000(-15.301,-6.699)
an Renterghe 11 114.00(14.30) 12 110.00(13.20) e 16.1  4.000[-7.278,15.278)
Subtotal (95%Cl) 124 124 = 650  -1.250(-11.935,9.418)
Chi-square 14.56 (df=3) 2=0.23 '
Intravenous Infusion
Gheony~1960~= 37 113.00(17.00) 34  101.00 (14.00) - 18.0  12.000(4.770,19.222)
p\ﬂu_aeos. 1994 12 126.00(15.00) 19  111.00(16.00) —n— 16.2 15,000 [3.874,26.126)
Sublotal (85%CH) 49 53 - 34.2 12.889 [6.832,18.947)
Chi.square 0.20 (di=1) Z=4,17
Total (95%Cl) 173 177 - 100.0  3.953 [-6.853,14.759)
Chi-square 45.21 (df=5) Z=0.72
00 _-50 0 50
Favours Treatment  Favours Control

Figure 2.4.5
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A

Review: IV bela-agonists In acute asthma
Comparison: IV vs, All Treatments

Outcome: Heart Rate Flnal
Expt Expt ctl clel WMD Weight WMD
Sludy n mean(sd) n mean{sd) {95%C! Random) % (95%CI Random)
Inlravenous beta-agonist vs. inhaled beta-agonist
Bloomficld, 197 10  110.00(16.90) 10 123.00 (9.80) —t 125  -5.000 {-18.195,8.195)
Browne, 1997 14 152.00(18.90) 15 142.00 (9.80) - 16,5  10.000{-1.073,21.073)
Cheong, 1988 37  116,00(14.00) 34 98.00 (14.40) - 24.2  18.000(11.383,24.617)
Hussein, 1986 9 152,00(20.10) 9 138.00 (14.40) e 9.5 14.000 [-2.154,30, 154}
Williams, 1981 8 114.00 (8.20) 7 102.00 (9.30) 2 19.2 12.000 [3.069,20.931)
Subtotal (95%Cl) 78 75 -> 80.9 10.727 (3.443,18.011)
Chi-square 9.65 (df=4) Z2=2.89
inlravenous bela-agonist vs. inlravenous methylxanthine
Johnson, 1978 20 114,00(14.30) 19 104,00 (14.40) - 19,1 10.000 {0.989,19.011)
Subtotal (95%Cl) 20 19 o~ 19.1  10.000(0.9689,19.011)
Chi-square 0.00 (d1=0) Z2=2.18
Total (95%Cl) 98 94 - 100.0  10.820(5.001,16.640)
Chi-square 9.91 (df=5) Z=3.64
00 <50 0 50 100

Favours Trealment

Figure 2.4.6
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Review: IV beta-agonlsts In acule asthma
Comparison; IV vs. All Treatments

Outcome: Arterlal Oxygen Tenslon
Expt Expt Ctrl Clrl WMD Weight WMD
Sludy n mean(sd) n mean(sd) (95%CI Random) % (95%C| Random)
Intravenous bela-agonist vs. inhaled bela-agonist l_l
Bloomficld, 197 10 -92.00 (24.00) 10 -93.00(12.20) 10.9  1.000(-15.687,17.687]
Husscin, 1966 9 -72.50 (11.25) 9 -72.50 (11.25) |»_.4r 28,1 0.000(-10.394,10.394)
Lawdord, 1978 6 -00.40 (16.00) 6 -83.90 (37.40) —— 29  -6.500 (-39,050,26.050}
Van Renlerghe 11 -66.70(24.00) 12  -63.90(12.20) —n— 122 -2.800(-18.574,12.974)
Sublotal (95%CH) J6 37 -+ 54.0 -0.775 (-8.268,6.719)
Chi-square 0.25 (d1=3) Z=0.20 '
Inlravenous bela-agonist vs, inhaled beta-agonist
Johnson, 1978 20 6225(10.10) 19  -56.25(22.90) —} 242 -6.000(-17.208,5.208]
Williams, 1975 1 -66.70 (14.20) 9 <60.70 (12.70) —at. 21,6 <6.000 (-17,801,5.801)
Sublotal (95%C1) 3% pli} - 46.0  -6.000 (-14.127,2.127)
Chi-square 0.00 (df=1) Z=1.45
Total (95%CH) 67 65 - 100.0  -3,176 (-8.685,2.333)

Chl-square 1,11 (d(=5) Z=1.13

Figure 2.5.1
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A

n..é_ai,u IV beta-agonists In acule asthma
Compatrison: IV vs, All Treatments

Outcome: Arterlal Carbon Dloxlde Tenslon
Expt Expt Clrl Clrl WMD Weight WMD

Sludy n mean(sd) n mean(sd) (95%Ci Random) % (95%C! Random)
Intravenous beta-agonist vs. inhaled beta-agonist

Husscin, 1986 9 30.00 (7.50) 9 30.00 (7.50) . 14.0  0.000 (-6.930,6.930]

Lawford, 1978 6 36.90 (8.00) 6 36.40 (7.30) b A 0.500 (-9.278,10,278)

Salmeton, 1994 25 49.00 (18.00) 22 40.00 (9.00) - 106 9.000(1.004,16.996)
Sublolat (95%Cli) 40 37 - 1.7 3.182(-2.685,9.050)
Chi-square 3.13 (dl=2) Z=1.06
Inlravenous bela-agonist vs. inlravenous methylxanthine .

Johnson, 1978 20 38.25 (6.70) 19 37.25 (3.30) m.u 62.3  1.000{-2.290,4.290)

Williams, 1975 11 39.00 (6.70) 9 38.20 (15.00) -~ 6.0  0.800(-9.770,11.370)
Subtotal (95%Cl) k] 28 68.3  0.962(-2.159,4.124)
Chi-square 0.00 (df=1) Z=0.61
Total (95%Cl) 71 65 100.0 1,656 (-0.941,4,253)
Chi-square 3.69 (dl=4) Z=1.25

50 0 _ 50

Favours Treatment

Figure 2.5.2
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Review: [V belaagonists in acute asthma
Compatison: IV vs, All Treatments

Outcome: Autonomic Side Ellects
Expt Cirl OR Weight  OR
Study N N (95%C1 Random) % (95%C! Random)
Intravenous bela-agonis! vs, inhaled beta-agonist
Bloomfield, 1979 4/10 0/10 “t————— 9.0 14.54 (0.67,216,71)
Cheong, 1988 2197 01734 —_———— 9.0 4.86(0.2),104.92)
Lawford, 1978 419 01/6 B E———— 8.9 10.64 (0.46,244.44)
Swedish Soclely,199 40 /09 73187 -4~ 15.0 0.16(0.08,0.32)
Williams, 1901 J/8 317 — e "y 0.0010.10,6.35)
Sublotal (95%C1) 53 1153 76 /144 S 535 1.02{0.22,15.00)
Chi-square 19.33 (df=4) 220.56 '
Intravenous beta-agonist vs, intravenous methylxanthine
Sharma 1, 1984 9/10 4110 e e 10.7 13.50 [1.20,152.22)
Shaima 2, 1984 8 /10 4110 D —— 11.9 6.00[0.01,44.35]
Tribe, 1976 RIRR 21712 s I 119 1.68 {0.25,14.00)
Williams, 1975 St 719 — 120 0.24(0.03,1.71}
Subtolal (85%Ci) 25 142 17741 ——— 46.5 2.29(0.41,12.68)
Chi-squate 8.0) (df=3) Z20.95
Total (95%CI) 78 1195 93 /105 ———— 100.0 1,98 (0.40,8.18]
Chl-square 36,80 (df=8) Z=0.94
02 1 50
Favours Trealmen ~ Favours Conl
© :
N
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Review; IV beta-agonists In acute asthma

Comparison: IV vs. All Treatments
Outcome:  Clinical Failure

Expt cul OR Weight  OR
Sludy N N (95%Cl Random) % {95%CI| Random)
Intravenous Bolus
Browne, 1997 5114 14 /115 —— 18.2 0.04 [0.00,0.40)
Swedish Socicty,199 47 189 7187 —— 23.8 12.79 [5.32,30.76)
Tribe, 1976 2111 21712 —_—— 18.8 1.11[0.13,9.61]
Subtotal (95%Ct) 54 1114 23 /114 ——e—— 60.8 0.93 [0.03,31.21}
Chi-square 24.28 (df=2) Z=0.04 ,
Intravenous Infusion
Lawford, 1978 419 117 - 17.4 4.80(0.40,58.02)
Salmeron, 1994 1317125 3122 —_—— 21.8 6.86 [1.61,29.21)
Subtotal (95%Cl) 17 134 4129 — 39.2 6.27 [1.79,21.93)
Chi-square 0.06 (df=1) Z=2.87 .
Total (95%Cl) 71 1148 27 1143 ——t— 100.0 2.080.32,13.47)
Chi-square 24.48 (dl=4) Z=0.77

001 .02 1 50 1000

Figure 2.7
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Review: IV beta-agonists In acute asthma

Comparlison: Comparison by Quality
Outcome: PEFR at 60 minutes
Expt Expt Ctri Ctrl WMD Weight WMD N

Study n mean(sd) n mean(sd) {95%Cl Random) % {95%C! Random)
Strong Mcthodological Qualily

Bloomfield, 197 10 -137.00(45.90) 10 -125.00(47.80) 134  -12,000[-53,074,29.074)

Cheong, 1988 37 -137.90(37.20) 34 -149.00(53.40) e 19.4 11,100 [-10.484,32.684)

Salmeron, 1994 25 -123.00(82.00) 22 -174.00(90.00) . 113 51.000[1.526,100.474)

Williams, 1975 11 -161.00(85.00) 9  -134.00(64.00) » 8.1 -27.000 [-92.357,38.357)
Subtotat (95%Cl) 83 75 52,2  0.295]-17.635,34.225}
Chi-square 4.97 (d!=3) 2=0.63 !
Weak Methodological Quality

Johnson, 1978 20 -133.00(46.10) 19 -150.00(65.80) —e e 149  17.000(-18.828,52.828)

Swedish Society 89 -200.00 (58.50) 87 -256.20 (70.00) — 20,1  56.200[37.119,75.281)

Van Renterghe 11 -99.00 (40.80) 12 -111.00(64.40) —— 12,7  12.000{-31.693,55.693)
Sublotal (85%Cl) 120 118 —e— 47.8  32.670(1.179,64.161)
Chi-square 5.80 (df=2) Z2=2.03
Total (95%Cl) 203 193 L o ] 100.0  19.468 {-3.634,42.570}
Chi-square 18.81 (df=6) Z=1.65

400 _-50 O _ 50 100
Favours Treatment  Favours Conlrol

Figure 2.8.1
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Appendix

Review: iV beta-agonlists in acute asthma

Compartison:  Comparison by Quality
Oulcome: PEFR at 120 minutes
Expt Expt Ctrl Ctrl WMD Weight WMD

Study n mean(sd) n mean(sd) (95%CI Random) % {95%C! Random)
Strong Methodological Quality

Bloomfield, 197 10  -157.00(57.50) 10 -177.00(70.20) — e 18.3  20.000 (-36.243,76.243)

Cheong, 1988 37  -15240(37.20) 34  -148.00(53.40) —— 30.1  -4,400 [-25.984,17.184)
Sublotal (95%Cl) 47 44 —— 40.4 -1.268(-21.419,18.883)
Chi-square 0.63 (di=1) 2=0.12
Wcak Mcthodological Qually '

Swedish Sociely 09 -227.90(6G7.90) 07  -279.40 (67.10) —f— 30,6  51.500(31,555,71.445)

Van Renterghe 11 -127.70(65.40) 12 -122.00(50.10) D m— 21.0  -5,700{-53.630,42.230)
Subtotal (95%Cl) 100 99 e ———— 516  27.222-28.190.82.634)
Chi-square 4.66 (df=1) Z=0.96
Total (95%Cl) 147 143 e — 100.0  16.911{-18.597,52.418]
Chi-square 15,42 (df=3) Z=0.93

00 -50 O _ 50 100

Figure 2.8.2
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Review: IV beta-agonists In acute asthma

Comparison:  Comparison by Quality
Outcome: PEFR Final
Expt Expt Ctrl Ctri WMD Welght WMD
Study n mean{sd) n mean(sd) (95%C| Random) %  (95%Cl Random)
Strong Methodological Quality
Bloomfield, 197 10 -157.00(57.50) 10 -177.00(70.20) —_————— 13.5  20.000(-36.243,76.243)
Cheong, 1988 37 -180.50(37.20) 34 -161.20(53.40) —_——t 21,5  -19.300[-40.884,2.284)
Salmeron, 1994 12 -240.00(115.00) 22 -254.00 (90.00) + 10.0 14,000 {-61.154,89.154)
Sublotal (95%Cl) 59 66 . 450  -10,755{-32.836,11.326)
Chi-squate 2.14 (d1=2) Z2=0.95
Weak Methodological Qualily
Johnson, 1976 20  -148.00(46.10) 19  -168.00 (68.40) ——— 18.0  20.000(-16,799,56.799)
Swedish Society 89  -227.90(67.00) 87 -279.40 (67.10) —— 21.8 51,500 ]31.555,71.445)
Van Renterghe 11 -127.70(65.40) 12 -122.00(50.10) —_— 163  -5.700(-53.630,42.230)
Sublotal (95%Cl) 120 118 ~{——— §5.0  27.245(-6.199,60.669)
Chi-square 5.87 (di=2) Z=1.60
Total (95%Cl) 179 184 et— 100.0  13.094[-17.374,45.162)
Chi-square 23,26 (dI=5) Z=0.87
100 50 0 _ 50 100

Figure 2.8.3
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Appendix

Review: IV beta-agonists In acute asthma
Comparison:  Comparison by Quality

Outcome: Heart Rate @ 60 minutes
Expt Expt Clrl ctrt WMD Welght  WMD
Study n mean(sd) n mean(sd) (95%C! Random) % (95%CI Random)
Strong Methodological Quality
Bloomfield, 197 10 129.00(12.20) 10  11B.00(19.00) 1 10.0 11,000 [-2.995,24.995)
Cheong, 1988 37 114.00(17.00) 34  106.00(15.00) M 14.4  8.000(0.555,15.445]
Salmeron, 1994 25 122.00(18.00) 22  115.00(19.00) +o- 122 7.000{-3.622,17.622)
Tribe, 1976 1 101.00(9.30) 12 106.60(12.20) -+ 13.5  -5.600 [-14.423,3.223]
Williams, 1975 11 126.00(14.00) 9  119.00(11.00) 4o 120  7.000(-3.959,17.959)
Subtotal (95%Cl) 04 o7 vole 621  4.000 (-1.000,10.855)
Chi-square 7,12 (dl=4) Z=1.61
Weak Methodological Quality
Johnson, 1978 20 115.40(16.50) 19  108.00 (15.30) de- 12,7 7.400(-2.561,17.381)
Swedish Society 89  05.00(14.10) 87  105.00 (19.60) - 16.0  -10.000 [-15.054,-4.946)
Van Renterghe 11 117.00(19.80) 12  114.00(16.70) —— 9.3  3.000(-12.086,18.086)
Subtotal (95%Cl) 120 118 —— 37.9  -0.690(-13.415,12.035)
Chi-square 10.68 (df=2) Z=0,11
Total (85%Cl) 214 205 > 100.0 2,806 (-3.904,9.515)
Chl-square 28.79 (dI=7) 2=0.82

Figure 2.8.4
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Review: [V beta-agonists In acute asthma

Comparison:  Comparison by Quality
Outcome: Heart Rate @ 120 minutes
Expt Expt Ctrl Ctrl WMD Weight WMD
Study n mean{sd) n mean{sd) (95%CI Random) % (95%CI Random)
Strong Mcthodological Quality
Bloomfield, 197 10 118.00(18.90) 10 123.00 (9.80) =] 15.1  -5.000 [-18.195,8.195)
Browne, 1997 14 152.00 (18.90) 15 142.00 (14.00) 15.7 10.000 [-2.174,22,174)
Cheong, 1988 37 113.00(17.00) 34  101.00(14.00) - 18.0  12.000(4.776,19.222)
Salmeron, 1994 12 126.00 (15.00) 19 111.00 (16.00) ~- 16.2 15.000 [3.874,26.126)
Sublotal (95%Cl) 73 70 - 64.9  8.920[1.305,16.455)
Chi-square 6.03 (d1=3) Z2=2.32 !
Weak Methodological Quality
Swedish Soclety 89  94.00(15.10) 87  105.00 (14.00) * 19.0  -11.000[-15.301,-6.699)
Van Renlerghe 11 114.00(14.30) 12 110.00(13.20) - 16.1  4.000(-7.278,15.278)
Sublolal (95%Cl) 100 99 —— 351 -4.443(-19.020,10.140}
Chl-square 5.93 (df=1) 2=0.60
Total (95%Cl) 173 177 e 100.0  3.953[-6.853,14.759)
Chi-square 45.21 (df=5) Z2=0.72
400 _-50 O _ 50 100

Figure 2.8.5

Favours Tteatment

Favours Control
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Review: IV beta-agonists In acute asthma
Comparison: Comparison by Quality
Outcome: Autonomic Side Effects

Expt cut OR Weight OR

Study niN N (95%C! Random) % (95%C! Random)
Strong Methodological Quality

Bloomficld, 1979 41/20 0/20 —St———ee 113 11.18(0.56,222.99)

Cheong, 1988 2137 01/34 e e —— 11.0 4,86 [0,23,104.92)

Lawford, 1978 41/9 01/6 —t e —— 10.8 10.64 [0.46,244.44)

Tribe, 1976 3 /11 2112 —t— 15.4 1.8810.25,14.08)

Williams, 1975 5111 719 —a—| 15.6 0.24 (0.03,1.71)
Subltolal (95%Cl) 18 /08 9 /81 —t— 63.9 2.25(0.49,10.39)
Chi-square 7.19 (df=4) Z=1.04
Weak Methodological Quality

Swedish Society,199 40 /89 73 187 - 20.9 0.16 {0.08,0,32}

Williams, 1961 3178 317 — 15.1 0.80 {0.10,6.35)
Subtotal (95%Cl) 43 197 76 194 B 36.1 0.26 {0.06,1.15)
Chi-square 2.13 (df=1) Z=1,77
Total (95%Cl) 61 /185 85 /175 —— 100.0 1.16{0.28,4.89]
Chi-square 21,67 (df=6) Z=0.21

001 02 1 50 1000
Favours Trealmen  Favours Conlrol

Figure 2.8.6
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Review: IV beta-agonists in acute asthma

Comparison: Comparison by Quality
Outcome: Clinical Failure

Expt cul OR Weight OR

Study N /N (95%Cl Random) % (95%Cl Random)
Stong Methodological Quality

Browne, 1997 51714 14 /15 —_— 18.2 0.04 [0.00,0.40]

Lawford, 1978 419 117 — 174 4.80(0.40,58.02]

Salmeron, 1994 13 /25 3122 —— 21.8 6.86[1.61,29.21)

Tribe, 1976 21711 2712 — 18.8 1.11[0.13,9.61)
Subtotal (95%ClI) 24 /159 20 /56 i 76.2 1.17(0.12,11.66)
Chi-square 15.03 (d1=3) Z=0.13
Weak Methodological Quality

Swedish Society,199 47 189 7187 —— 23.8 12.79[5.32,30.76)
Sublotal (95%CH) 47 /89 71787 — 238 12.79{5.32,30.76)
Chi-square 0.00 (df=0) Z=5.69
Tolal (95%Cl) 71 /148 27 1143 —f— 100.0 2.08[0.32,13.47]
Chi-square 24.48 (df=4) 2=0.77

001 02 1 50 1000
Favours Treatmen ~ Favours Control

Figure 2.8.7
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MARC Steering Committee:
Jilt M. Baren, MD; Carlos A. Camargo, Jr., MD (Chair); Rita K. Cydulka, MD;
Michael A. Gibbs, MD; Charles V. Pollack, Jr., MD; and Brian H. Rowe, MD.

Operations Committee and Data Coordinating Center:
Carlos A. Camargo, Jr., MD (Chair); Sunday Clark, MPH: Leo T. Mayer; Michae!
S. Radeos, MD; Caitlin R. Reed, MPhil; Anita K. Singh; and Prescolt G.
Woodruff, MD — all at Massachusetts Genera! Hospital, Boston.

Principal Investigators at the 77 Participating Sites:

FC Baker Ill (Maine Medical Center, Portland, ME); JM Baren and S Stahmer
(Hospital of the University of Pennsylvania, Philadelphia, PA); JM Basior
(Buffalo General Hospital, Buffalo, NY); CA Bethel (Mercy Hospital,
Philadelphia, PA); L Bielory (University Hospital, Newark, NJ); MP Blanda
(Summa Health System, Akron, OH); D Bond (Grey Nun's Community Hospital,
Edmonton, AB); GW Bota (Sudbury General Hospital, Sudbury, BC); ED
Boudreaux (Earl K. Long Memorial Hospital, Baton Rouge, LA); BE Brenner
(The Brooklyn Hospital Center, Brooklyn, NY); J Brown (Misericordia
Community Hospital, Edmonton, AB); K Brown and DM Joyce (University
Hospital, SUNY HSC, Syracuse, NY); CA Camargo Jr. (Massachusetts General
Hospital, Boston, MA); K Camasso-Richardson (Rainbow Babies & Children's
Hospital, Cleveland, OH); FL Counselman (Sentara Norfolk General Hospital,
Norfolk, VA); EF Crain (Jacobi Hospital, Bronx, NY); F Cunningham and G
Ramalanjaona (Newark Beth Israel Hospital, Newark, NJ); RK Cydulka
(MetroHealth Medical Center, Cleveland, OH); CO Davis and A Sucov
{University of Rochester Hospital, Rochester, NY); L de Ybarrondo (LBJ General
Hospital, Houston, TX); DJ Dire (University of Oklahoma Medical Center,
Cklahoma City, OK); MA Dolan (Medical College of Virginia, Richmond, VA);
MD Dowd (Children’s Mercy Hospital, Kansas City, MO); N El Sanadi (Broward
General Hospital, Ft. Lauderdale, FL); SD Emond (St. Luke's/Roosevelt
Hospital Center, New York, NY); F Fairfield (Sturgeon Community Hospital, St.
Albert, AB); TJ Gaeta (Methodist Hospital, Brooklyn, NY); TJ Gaeta (St.
Barnabas Hospital, Bronx, NY); MA Gibbs (Carolinas Medical Center, Charlotte,
NC); TE Glynn (Brooke Army Medical Center, Fort Sam Houston, TX); TE Glynn
(Wilford Hall Medical Center, Ft. Sam Houston, TX); LG Graff IV (New Britain
General Hospital, New Britain, CT); RO Gray (Hennepin County Medical Center,
Minneapolis, MN); SK Griswold (Thomas Jefferson University Hospital,
Philadelphia, PA); A Guttman (Sir Mortimer B. Davis - Jewish General Hospital,
Montreal, QC); JP Hanrahan (Beth Israel Hospital, Boston, MA); F Harchelroad
(Allegheny General Hospital, Pittsburgh, PA); R Harrigan (Temple University
Hospital, Philadelphia, PA); SE Hughes (Albany Medical College, Albany, NY);
AH ldris (University of Florida Health Center, Gainesville, FL); GD Innes (St.
Paul's Hospital, Vancouver, BC); ME Johnson (Jackson Memorial Hospital,
Miami, FL); LW Kreplick (Christ Hospital & Medical Center, Oak Lawn, IL); EC
Leibner (Detroit Receiving Hospital, Detroit, MI); S Lelyveld (University of
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Chicago Hospital, Chicago, IL); LF Lobon {(Beth Israel Medical Center, New
York, NY); A Mangione (Albert Einstein Medical Center, Philadelphia, PA); MF
McDermott (Cook County Hospital, Chicago, IL); JS Mylinski (Richland
Memorial Hospital, Columbia, SC); ES Nadel (Brigham and Women's Hospital,
Boston, MA); BRM Nowak and H Sedik (Henry Ford Hospital, Detroit, Mi); JB
Orenstein (Fairfax Hospital, Falls Church, VA); E Paul (Charity Hospital, New
Orleans, LA); CV Pollack Jr. (Maricopa Medical Center, Phoenix, AZ); F Qureshi
(Children's Hospital of the King's Daughters, Norfolk, VA); MS Radeos (Lincoln
Medical Center, Bronx, NY); DJ Robinson (University of Maryland Medical
Center, Baltimore, MD); RM Rodriguez (Southwestermn Medical Center, Dallas,
TX); BH Rowe (University of Alberta Hospital, Edmonton, AB); G Rudnitsky
(Allegheny University - MCP Division, Philadelphia, PA); RE Sapien (University
of New Mexico Health Sciences Center, Albuquerque, NM); RJ Scarfone (St.
Christopher’'s Hospital for Children, Philadelphia, PA); D Schreiber (Stanford
University Medical Center, Stanford, CA); RA Silverman (Long Island Jewish
Medical Center, New Hyde Park, NY); S Smith (St. Louis Children's Hospital,
St. Louis, MO); H Smithline (Baystate Medical Center, Springfield, MA); D
Stewart (Bronson Medica! Center, Kalamazoo, Mi); DM Taylor (University of
Pittsburgh Medical Center, Pittsburgh, PA); CA Terregino (Cooper
Hospital/University Medical Center, Camden, NJ); D Travers and JL Larson
(University of North Carolina Hospitals, Chapel Hill, NC); A Walker (Royal
Alexandria Hospital, Edmonton, AB); J Walter (University of Chicago Hospital,
Chicago, IL); EJ Weber (UCSF Medical Center, San Francisco, CA); L White
(Akron General Medical Center, Akron, OH); and JL Zimmerman (Ben Taub
General Hospital, Houston, TX).
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Emergency Program

University of Alberta Hospitals
Medical Research Consent Form

Title of Project: Second Multicenter Asthma Research Collaboration
(MARC-2x)

Principal Investigator: Brian H. Rowe, MD

Depactment of Emergency Medicine
Tel. (403) 4924040

Purpose: To learn more about emergency asthma visits in adults.

Why are we doing this studv?: You have been seen in the emergency room for an
asthma attack. The Department of Emergency Medicine is conducting a study to leam more
about the treatment of asthma, and to find out what happens to patients aftzc we see them.
Patieats with asthma between 1S and 54 years old are being asked to be involved in this
study. We hope following the successful completion of this study, Edaontoa will be
selected tor further clinical asthma trials.

What do vou need to do?: Nothing really, we will do everything. If you agree to be
interviewed, we will talk to you for 15 minutes about your asthma. You will be asked

" about your medical history and how asthma aftects your life. In about two weeks, we will
contact you by phone and asked about your health since you left the emergency department.
The telephone call will taks about 5-10 minutes of your time. There will be no changes to
your medication, except by your treating doctor(s).

MWhat are the risks and benefits to vou?: We do rot think there ace any risks nor

direct benefits to you from taking pact in this study. However, one possible benefit isa
follow-up phons eall from someone on the study team. This contact will provide you with
an opporiunity to discuss your asthma condition with a health care professional. The
phone caller will talk to you 2bout your asthma since we last saw you.

1 al?: The medical
information cotlected from this study will be subject to the regulations of the University of
Alberta. Information of a personal nature will not be part of the medical record; all
information will be stored in Dr. Rowe's research files and identified only by a code
number. The code connecting your name to the number will be kept in a diffecent locked
location. Al data will be submitted to the coordinating centre in Boston, USA for analysis,
however they will not know who you are. Members of the research tean will have access
to the data, but also will not be able to ideatify you specifically. When we present or
publish the results of this research, no names will be used.

Can_vou withdraw or refuse to be involved?: Certainly, your involvement is
- voluatary, and you are free to refuse to be questioned. Also, you may stop being in the
study at any time. If you refuse to be involved or stop participating, your present and

future care at this hospital will not be affected. .

Emergency Pragram Tel: (403) 492-4040
1G1 Waller C. Mackenzie Cenlre Fax: (403) 492-9857
8440 - 112 Street -

Edmonton, Alberta, Canada

T6G 287
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want a i ation?: You may ask questions about the study at any
time. Dr. Brian Rowe at (403) 492-4040 is available to answer your questions or
concerns.

If you havc'any further concems about any aspect of this study, you may contact the
Patient Concems Office of the Capital Health Authority at 474-8892. This office has no
affiliation with the study investigators.

You may keep a copy of this form for careful reading.
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Capital
= Health

Authority Emergency Program

—
o ——
e er——
P

Title of Project: The 2nd Multicenter Asthma Research Collaboration (MARC-2x)

Principal Investigator(s): The MARC Trials Group
Boston, USA

Co-lnvestigator(s): Dr. Brian H. Rowe, Edmonton, Alberta
Division of Emergency Medicine
492-4040 )

Part 2 (to be completed by the research subject):

Do you understand that you have been asked to be in a research study? Yes No
Have you read and received a copy of the attached Information Sheet? Yes No
Do you undarstand the benafits and risks involved in laking part in this Yes No

rasearch study?

Have you had an opportunity to ask questions and discuss this study? Yes No
Do you understand that you aze frez to refuse to participate or withdraw from Yes No
the sludy at any ime? You do not have to give a reason and it il not affect

your care.

Has the issus of confidentialily been explained to you? Do you understand Yes No
who will have access to your records?

This study was explained 10 me by:

1 agree lo lake partin this study.

/1997
Signature of Research Participant Date Witness

Printed Name Printed Name

I believe that the person signing this form understands what is involved in the
study and voluntarily agrees to participate.

: /11997
Signature of Investigator or Designee Date

THE INFORMATION SHEET MUST BE ATTACHED TO THIS CONSENT FORM
AND A COPY GIVEN TO THE RESEARCH SUBJEGCT

Emergency Program - ) Tel: (403) 492-4040
1G1 Walter C. Mackenzie Centra Fax: (403) 492.9857
8440 - 112 Streot

Edmonton, Alberta, Canada

T6G 287
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-r

YISIT FORM Intecviewer initials __ __ MARC-2x Site ___-

1. Patient initials (xx) 1. yes —_— .

.. 2. no
2. ED visitdate (mavdd) 8's when Q does not apply —_—
: - 9's when response missing

3. ED triage time  (Bb:oun) —_— i
4. Date of birth (mavdd/yy. Confirm that age 18-54 atlast bisthday; i not, STOP). JRY S S
5. Sex 1. male 2. female ) —_—

6. Race (circle all that apply) 1. white 2.black  3.Hispanic 4. Asian S.otuer circle

Helo. My name is
leam ways to improve asthma treatment. Is this a good time to talk for about 10 minutes?

{lf ro (eg. severe dyspnea)]: Okay. I'll came back in about 20 minutes to sce bow you're doing.

aad [ work in the emesgency depastment. I'd like to ask you some questions about your asthma so that we can

(€ yes]: Geeat. The questions Il ask you bave been appcoved by the bospital. After today’s interview, in about 2 weeks, we'll call you to
sce how you'ce doing. This telepboae interview will take about § minutes. All of your answers will be kept coafideatial The study does

not involve aay “cxperimeatal” devices or medications. Would you tike to participate in this simple but impertant study? X
[T€ yes, sign Consent Forms and proceed. Give one form to patient and keep the other.}
7. Time intervicw began @h:mm)

(If paticat Befusal, biss, or Other problem, STOP. Please comnplete the RMO Form by chart review]

8. How tall are you? feet

inches (record height in TOTAL inches)
9. Do you have a “primary care providec” (cg. family doctor, internist, or nurse practitiones)? Y N
(PC = coordinated, comprebeasive, loagitudinal care (incl. prevention). PCP usually | person but may be a clinic.)

If yes If ro. assign 8.

Name & location

When was your last visit with this primary care provider?

l.<l wkago 2. <l month 3. <lyexr 4.2 1 year S. bave PCP but co visit yet

10. Have you ever smoked gigarettes?

{lf quit smoking < 28 days ago, count as smoker)

1. nevee smoker 2. ex-smoker 3. scoker

If ex-smoker or smoker If never saokes, assign 888.

At what age did you start smoking regularly? [At what age did you stop?)
On average, how many packs do [did] you smoke per day?
[One pack = 20 cigarettes. Caleulate ¥ of Jifetims pack-years = # years smoking o # packs/day]

I1. Have you ever had hayfevec or allargic rhinitis (a runny nose due to allergies)? ¥ N
12. (Womenonly] Are you currently pregnant? Y N

13. What is the highest grade you completed in school?
1. B8tk gradc or less © 4. some college .
2. zome high school 5. college graduate
3. high school graduate (or GED) 6. any post-graduate work

text
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14. How old were you when a doctor first diagnosed you with asthma? (approz. aze)

15. Have you ever been admitted ovemight to 2 hospital because of your asthma? Y N

If yes . If no, assizn 8. 83.

When was your last overnight hospital admission because of your asthma?
l.<1day sz0 2. <l week 3. <l ooath 4.<1yexr S5.21yexr

Over the past 12 months, how many times have you beea admitted ovemnight
to a hospital because of your asthma?

16. Over the past 12 months, how many times have you gone to a hospital emergency
depactment because of your asthma?  [Don't count current visiy]

Over the past 12 months, how many times have you gone to a doctoc's office oc clinic

for urgent tceatment of your asthma? {Urgzat visic = not scheduled, or scheduled < 2 kes abead]

17. Have you ever been jntuhated for your asthma? ¥ N
18. When you are having problems with your asthma, where do you usually go?

L. peimary cars provider (e.g.. family doctor, intemist, nurse practitioner)
2. asthama specialist (e.g., pulmonologise, allesgise, Astama Clinic)

3. emespeacy depastment

4. other (specily below)

name & location

Who usually writes your asthma medicine prescriptions? {see above list] -

19. Over the past 4 weeks, have you used 2 *‘quick relief” inhaler for your asthma? Y N

[B-agoaist MDI: eg. albuterol (Veatolin, Proventil), metaproterenol (Alupent). Primatzae Mist, otsers]
{List does pog include salmeterol (Secevent), 2 long-acting inbaled B-agonist — record jts use ucder Q23}

I yes If ro, assign 8.
name(s) i Were you told by your doctor to use it:
i. everyday 2. only as needed 3. not sure

20. In the 6 hours before you came to the ED (from — until ), how many puffs
did you take by jnhaler? How many treatments did you get by pebulizec?
{Calculate iaga] # of pre-ED pulls = & jabaler pulls + (7 bome + EMS ncbs)s (6 pulls pec ach) }

21. Over the past 4 weceks, have you used a steroid jnhaler for your asthma? ¥ N

[eg. tiamcinolone (Azmacort), beclometbasone (Becloveat, Vanceril), fiunisalide (Accobid), fluticasone (FloVent)]

If yes Il o, 2s3i2n 8, 8, 83/83.
name - Were you told by your doctor to use it:
1. everyday 2. only as necded 3. not sure

On average, how often do you use your steroid inhaler? .
Lalmostnever 2. <l/week 3. 1-3/week 4.4-6/week 5. daily

Did you run out of your steroid inhaler in the past week? When? (rnmldd)-

text
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MARC-2x Site ___ Pinitials __ __ ED visit date /

22, Over the past 4 weeks, have you taken steroid medicine for your asthma? ¥ N
(eg. predaisone, methylpeedaisolone (Medrol , SoluMedrol, Depabfedrol)]

If yes ) If 20, assizn 8. 83/83.

How did your doctor prescribe the steroids?
1. S14 day “burst® 2. chronic Rx 3.botht &2 4. IM shot 5. other

(tfrespanse 1 oc3): When was the last day you actually took it? (muvdd) -

(itno] Have you ever taken steroids for a severe asthma attack? v- N

23. Over the past 4 wecks, have you used any gther asthma medicines? Y N —
U yes, circle ALL that apply If no. g0 to next Q.
a. salmeterol (Seceveat) e. inhaled cromotyn (Intal) circle

b, oral B-agonist (eg. albuteral {Veatolin, Proventil]) f. inhaled nedocromil (Tilade)
c. inhaled anticholinergic (eg, ipeatropium [Atrovent]) g. leukotriene modifier (zafirlukase, zileuton)
d. methylranthine (eg. theophytline {Theodur]) h. other:

24. A spacer is a device that you put between your mouth and your inhaler; it helps
deliver more medicine into your lungs. Do you own a spacec? Y N

25. A peak flow metec measures how hard you can blow air out of your Iungs. Do you
own a peak flow meter? Y N -

Ir yes If no, 2ssizn 8. 888.

On average, how often do you use your peak flow meter?
L. almost never 2. <l/week 3. 1-3fweek 4. 4-6/week 5. daily

When you're feeling well, what is your hest peak flow?  [Assign 999 if unknows]

26. How long ago did your current asthma attack begin? {time before ED triage]
1. S3kbss 2. 4-12brs 3. 1323 brs 4. 13 days 5. 4.7 days 6.>7 days

27. Over the past 24 hours (from yesterday at
cxpedence asthma symptoms? {read options}

I 2 3 4
none of the time socte of the time most of the lime all of the time

until now), how gften did you

Over the past 24 hours, how much discomfort or distress have you félt because of

these asthma symptoms? [cead options) -
t 2 3 4 —
none oild moderate severe .

— e ¥ e e,

Taat's it! Do you bave any questions or camuments? [pause] As you know, we're going to call you Ia 2 weeks o sce bow you're doing.
What's the best number W reach you? When's the best time to call? [Consider asking for acother contact if suspect dilTiculty with ffu call}

bocetet® (__ ___ yY_ __ - othertel # (

Yoo -
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Chart Review

28. Pre-ED treatment (s 3 bes before tiage, besides inhaled B-agonist)? Y N 1€ yes, descride tbove.
29. Initial respiratocy rate (pes min) {Ideatly, “initial™ values ace obuined before first ED acb]

30. Initial peak flow (Umin) (cissing/aotdone =999, intubated = 998, too sick = 997, refused = $96]

If PFdone  ° If not doae. assizn 8, 83:88.

When was initial PF done?  1.before 2.dusing 3. after Istaeb 9. uaknown
Actual time of initial PF (bb:aun)

31. Major, relevant, concomitant medical disocdec? ¥ N .
(Note: If present, ED physician must sl believe that ED visic was prompled, in lacge pact, by acuts astbma.)
If yes. circle ALL that apply I 0. 20 6 aext Q.
a. COPD d. CHF
b. paeumonia e. significant acrhythmia (eg. SVT)
¢. gacumathorax {. other

32. Inhaled B-agonist: # tceatments in first 60 minutes (from time of ED triage)
# treatments over catire ED stay

33. Route of inhaled treatments: 1. ncbulizee 2. MDI 3.both

34, Steroid: 1. predaisone 2. methylprednisolone (Solu-Medrol) 3.other 4.rone
If givea steroid ia ED I{ none, assizn §33. 83:83.
Dose (mg)

Actual time that steroid given b:nm)

35. Other asthma treatments? Y N

If yes, circle ALL lh:(ﬂply’ . If no, go W ext Q.
a. inhaled aatickolinecgic (eg. ipratropium {Atroveat)) f. beliox

b. subcutancous cpinephriac g- ooa-invasive veatilation

¢. subcutancous B-3goaist (cg. tesbutaline) h. iatubation

d. IV magnesium L other

c. IV aminophylline

36. Discharge PF = last available value in ED (Umin) {sec Q30 for coding]
— Actual time of "discharge” PF (bh:nm)

37. EDdispo Lseatbome 2.0bsv 3.admited 4.amalwt  S.dicdinED  6.5ther

I sent bome, what were discharge medications? It obsv/ete, assign 8. 833. 8, 88. 8.

Oral steroid? 1. peedaisone 2.otker 3.none
— Dose on post-ED day 1 (mgrday)

— Regimen: 1. tiperingdosethenstop 2. fixed-dose then stop”  3.other
— Planned # days of steroid "burst" (Assign 87 if no change In chronic stecoid Rx)
Inhaled steroid? ¥ N If yes, details: i

cirele
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