INFORMATION TO USERS

This manuscript has been reproduced from the microfilm master. UM! fiims
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of

computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction..

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand corner and continuing
from left to right in equal sections with small overiaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly to order.

ProQuest Information and Learning
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA
800-521-0600

®

UMI






University of Alberta

Inhaled corticosteroids in the emergency department treatment of acute asthma

by

Marcia Edmonds ©

A thesis submitted to the Faulty of Graduate Studies and Research in partial fulfillment of
the requirements for the degree of Master of Science

in
Medical Sciences — Public Health Sciences

Edmonton, Alberta

Spring 2001



i+l

National Library
of Canada

Acquisitions and
Bibliographic Services

395 Waellington Street
Ottawa ON K1A ON4

Bibliothéque nationale
du Canada

Acquisitions et
services bibliographiques

395, rue Wellington
Ottawa ON K1A ON4

Canada Canada
Your file Votre réfdrence
Our file Notre référence
The author has granted a non- L’auteur a accordé une licence non
exclusive licence allowing the exclusive permettant a la
National Library of Canada to Bibliothéque nationale du Canada de
reproduce, loan, distribute or sell reproduire, préter, distribuer ou
copies of this thesis in microform, vendre des copies de cette thése sous
paper or electronic formats. la forme de microfiche/film, de
reproduction sur papier ou sur format
électronique.
The author retains ownership of the L’auteur conserve la propriété du

copyright in this thesis. Neither the droit d’auteur qui protége cette theése.
thesis nor substantial extracts from it  Ni la thése ni des extraits substantiels

may be printed or otherwise de celle-ci ne doivent étre imprimés
reproduced without the author’s ou autrement reproduits sans son
permission. autorisation.

Canada

0-612-60425-X



Unibversity of Alberta

Library Release Form

Name of Author: Marcia Lynn Edmonds

Title of Thesis: Inhaled corticosteroids in the emergency department treatment of acute
asthma

Degree: Master of Science

Year this Degree Granted: 2001

Permission is hereby granted to the University of Alberta Library to reproduce single
copies of this thesis and to lend or sell such copies for private, scholarly, or scientific

research purposes only.

The author reserves all other publication and other rights in association with the
copyright in the thesis, and except as herein before provided, neither the thesis nor any
substantial portion thereof may be printed or otherwise reproduced in any material form

whatever without the author’s prior written permission.

A A n Ao

Marcia L. Edmonds
417 Wortley Road
London, Ontario
N6C 387



University of Alberta

Faculty of Graduate Studies and Research

The undersigned certify that they have read, and recommend to the Faculty of Graduate
Studies and Research for acceptance, a thesis entitled /nhaled corticosteroids in the
emergency department treatment of acute asthma submitted by Marcia Edmonds in
partial fulfillment of the requirements for the degree of Master of Science in Medical
Sciences - Public Health Sciences.

Dt~y

Dr. Brian H. Rowe

Dr. L. Duncan Saunders

Lo

Dr. Eric Wono

(&m@

Dr. Carlos A. C*naroo Jr.

M\W\Aé 12,, 2o |



Abstract

This thesis examined the use of inhaled corticosteroids (ICS) in the emergency
department (ED) treatment of acute asthma. Two meta-analyses were performed: one to
assess if ICS should be administered to patients in the ED, the second to assess their use
after ED discharge.

Search strategy: Cochrane Airways Review Group RCT register, bibliographies,
pharmaceutical companies, and authors.

Main outcomes: admission, relapse, pulmonary function, symptoms

Main Results: There was a decreased odds of admission in patients treated with
ICS in the ED (OR 0.30, 95% CI 0.16 to 0.57); whether there is an additional benefit
when systemic corticosteroids (CS) are used is unclear. There was a non-significant
trend to less asthma relapses with the addition of ICS to CS therapy after discharge (OR
0.68, 95% CI 0.46 to 1.02), and no significant difference between the treatments when

ICS was compared to CS (OR 1.0, 95% CI 0.66, 1.52) in mild asthma.
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Chapter one

1.1 Acute asthma: Definition, description of the problem, and treatment approach

Asthma is a common, chronic, inflammatory disorder of the airways,
characterized clinically by recurrent episodes of wheezing, breathlessness, chest
tightness, and cough. Airflow obstruction is evident during these episodes, and may
reverse either spontaneously or with treatment. The diagnosis of asthma is based on the
presence of episodic symptoms of airflow obstruction that is at least partially reversible,
and the exclusion of alternate diagnoses(1). Mild exacerbations of asthma may resolve
spontaneously or be treated by the patient at home with a variety of available
medications; more severe exacerbations will often require a visit to a health care
provider (e.g. a doctor’s office, a clinic, or the emergency department).

Acute asthma is a common presenting complaint to the emergency department
(ED) with almost 2 million ED visits per year for acute asthma in the United States(2).
Of the 1.5 million annual ED visits in Alberta, 28,000 are for acute asthma; 40% are for
multiple visits by the same patient(3). Moreover, patients with acute asthma seen in the ED
are often those with the greatest needs (ie. socio-economically disadvantaged, more severe
asthma, etc.) and are receiving the least services (i.e. often not affiliated with a family
physician, not taking inhaled corticosteroids, infrequently able to see specialists, etc). The
management of asthma accounts for nearly $500 million in medical expenditures every year
in Canada(4); the treatment of acute asthma accounts for nearly a quarter of these costs.
Overall, patients with acute asthma are an important group to study.

Approximately 15-25% of patients presenting to the ED with acute asthma
require admission to the hospital, and, of those discharged from the ED after apparently

successful treatment, 10-20% will relapse within two weeks(5;6). Along with the



potential need for admission, and the significant relapse rate and associated costs, there
is the potential for uncommon but serious sequelae from asthma exacerbations,
including intubation, barotrauma, and death. As well, there are marked effects on work
or school performance, and quality of life due to acute asthma in those patients
discharged from the ED.

As a result of the importance of this disease, several national(7-9) and
international(10) guidelines have been produced for the management of acute asthma in
the emergency department. The first line of standard therapy for acute asthma in the
emergency department includes bronchodilators, usually short acting B-agonists such as
salbutamol. These may either be nebulized or administered via a metered-dose inhaler
using a spacer device(11). The addition of inhaled anticholinergics has been proposed
for moderate to severe exacerbations to treat airway hyper-reactivity(12;13). In
addition, most patients are given systemic corticosteroids (CS) to deal with the
underlying inflammation(14). Despite familiarity with the treatment of asthma, and the
presence of these guidelines, practice variation within and among emergency
departments is substantial. Moreover, there are still many controversies regarding the
optimal treatment of asthmatics in the emergency department, and many unanswered

questions for the emergency physician.

1.2 Systemic corticosteroids in asthma

The use of corticosteroids to treat acute asthma dates back to at least the early
1900s, when adrenal extract was first used to treat asthma. Despite many developments

in the treatment of asthma in the ensuing 100 years, corticosteroids remain an essential



component of asthma therapy. The familiar synthetic corticosteroids, for oral or
intravenous use, were first introduced in the 1950s, and it was in the early 1970s when
the lipid-soluble, topically active corticosteroids (beclomethasone) for inhalation were
added to the therapeutic options for asthma(15).

Inflammation is well-recognized as a major factor in asthma, and the role of C8
as powerful anti-inflammatory medications in the treatment of asthma, as well as
countless other conditions, is well accepted. Despite this, the exact mechanisms
responsible for the beneficial effects of corticosteroids in asthma is not entirely clear.
Diverse effects on varied steps in the inflammatory response have been elucidated,
including effects on the transcription of genes responsible for cytokine production and
the synthesis of cytokine receptors, decreased survival and inhibition of eosinophils and
other inflammatory cells, and decreased plasma exudation and mucus secretion in the
airways(16). As well, glucocorticoids decrease airway hyperresponsiveness, and
increase the number of beta-2 receptors in lung tissue(17).

CS have been used in acute asthma therapy since the 1950s; despite numerous
trials both in vitro and in vivo, there remain many controversies about how and when
they should be administered. Traditionally it was believed that the benefit of CS only
became apparent after several hours, time enough for effects on gene transcription and
the production of inﬂamrhatory mediators to occur(18). Recently it has become
apparent that there are more rapid effects in laboratory studies, with changes apparent in
beta-receptor number and sensitivity within the first 1-2 hours of administration of
CS(19;20). Others have proposed that more rapid effects of steroids may be due to

decreased membrane permeability or vasoconstriction(21;22). One clinical trial



supported a rapid improvement in pulmomary function tests (within 2 hours) in patients
given CS(23); most other trials suggest thne clinical effects are significantly slower. The
clinical relevance of this rapid action of CS is not yet clear, and most clinical trials and
systematic reviews have supported the vieew that the effect of CS only becomes apparent
several hours after administration(14;24).. While these studies and reviews support a
clinical benefit of CS use in acute asthmas, with decreased admission rates and improved
symptoms, the effect appears to be relatiwely slow, requiring several hours to occur, and
demonstrated effects on lung function are small or not clearly apparent in most

studies(25;26).

1.3 Inhaled corticosteroids in asthma

Administering corticosteroids by -inhalation, both within the ED and after
discharge from this setting, is an attractiv-e option for many reasons; not only are the
drugs delivered directly to the lungs, whesre their effects appear to be most needed, but
this route also has the potential to avoid the side effects of systemic corticosteroid use.
The introduction of the first lipid-soluble- steroids amenable to inhalational use was a
significant improvement in asthma therapy; newer inhaled corticosteroids (ICS) are
designed to maximize the local anti-inflarmmatory effects of the drugs, while
minimizing systemic effects due to their poor systemic absorption and high first-pass
metabolism(16;27).

ICS were a major advance in the gherapy of chronic asthma for many patients
who were previously dependent on daily or frequent intermittent use of oral

corticosteroids for control of their asthma. The beneficial effect of these drugs in



allowing many asthmatics to decrease or eliminate the need for chronic oral steroids and
the concomitant side effects of prolonged steroid use was recognized early and has been
shown to be present for many different ICS preparations and delivery systems(28-3 1).
As well, ICS have been shown to decrease the frequency of asthma exacerbations and
improve quality of life in asthmatics not dependent on oral steroid use, and improve
pulmonary function over the long term(32). Traditional thinking cautioned against the
use of ICS in acute asthma because of the possible risk of increased cough and
bronchospasm attributed to inhaled steroids(33;34). The beneficial effects of ICS were
thought to be observed when ICS agents were used over a prolonged period of time,
when the airways were relatively stable. These requirements were thought to be
necessary to permit adequate delivery of inhaled drugs to the distal airways. Most
recent guidelines still recommend them as predominately a therapy for chronic
asthma(35;36). None of the current guidelines for the management of asthma mention
ICS as a significant component in the management of acute asthma while in the ED.
They are recognized as a component of therapy after discharge from the ED and are
mentioned in the management of patients admitted to hospital with acute asthma in
recent Canadian guidelines, although the level of evidence for this was rated as
weak(9).

In 1989, Salmeron et al demonstrated that ICS were useful in maintaining the
improvement in pulmonary function tests induced by a short course of oral
corticosteroids in unstable chronic asthma, and found that there were minimal

associated side effects(37). Another study investigated time to improvement of



pulmonary function testing and bronchial reactivity after the introduction of ICS;
improvements were seen as early as 6 hours after the first dose of ICS(38).

Basic science evidence also supports the presence of an acute effect of inhaled
ICS. Similarly to CS, ICS have been found to rapidly restore beta-receptor number and
function in patients who have been administered regular beta-agonists(39), with the
potential for greater effects due to direct local delivery of high concentrations of the
drugs. Others have suggested that there may be local effects from vasoconstriction
from direct delivery of steroids to the airways(22;24) (similar to the “blanching” effects
seen with topical application of steroids, used to evaluate the potency of various topical
steroids). Preliminary evidence suggests that there may be a unique effect to certain
ICS involving decreased recruitment of inflammatory precursors from bone marrow to
the lung(21;40). Other studies have shown rapid effects on the number of eosinophils in
the airway after a single dose of inhaled budesonide, and decreased airway
responsiveness 6 hours after treatment(41). These effects do not appear to be due to an

significant bronchodilating effect of the ICS agents themselves(42).

1.4 The clinical questions

The evidence would suggest that ICS have the potential to be of benefit in the
treatment of acute asthma. Whether this is due to enhanced local delivery of the drugs,
unique local effects such as vasoconstriction, or systemic effects of the inhaled drugs
that are different than those of the systemically administered corticosteroids is unclear.
From reviewing the literature and the available guidelines, there are many unanswered

questions about how and when these drugs should be used in the emergency



department. Should patients be given this therapy on initial presentation to the
emergency department, with the anticipation of a benefit in the ensuing minutes to
hours? Or is this a therapy that should be prescribed upon discharge from the
emergency department, in the aim of decreasing repeat visits and asthma symptoms, or

improving quality of life, over the following days to weeks?

1.5 The role of a systematic review

In answering these questions, there are several approaches the clinician may use.
Searching the literature and critically appraising the resulting articles is one approach to
some clinical questions; however, due to the countless clinical questions encountered on
a regular basis, the time and expertise required to search and appraise the literature, and
the existence of conflicting answers in the literature, for most clinicians this goal
quickly becomes unattainable. One may also search for and use the results of narrative
reviews and recommendations of experts in the field, or other summaries of evidence
such as clinical practice guidelines. A third option is to look for a systematic review
and/or meta-analysis that addresses the clinical question.

A systematic review is a type of observational study that comprehensively
locates, critically appraises, summarizes, and attempts to reconcile the published
evidence on a clearly defined problem. Such a review can be either qualitative or
quantitative. A quantitative systematic review, or meta-analysis, uses statistical
methods to combine the results of two or more studies to produce an overall estimate of
the effect of an exposure or treatment. In contrast, a qualitative review summarizes the

primary studies but does not statistically combine the results. The terms systematic



review and meta-analysis will be used interchangeably in discussing quantitative
systematic reviews in the rest of this paper.

Explicit, systematic methods are important in both qualitative and quantitative
reviews to limit the influences of bias on the results of the reviews, and to produce the
most valid results. Psychologists and social scientists drew attention to the systematic
steps needed to minimize bias and random errors in reviews of research in the 1970s
and early 1980s. It was not until the late 1980s attention was drawn to the poor
scientific quality of healthcare review articles(43).

Since that time, there has been rapid growth in both the number of published
systematic reviews in medical journals, and the number of publications that address the
rigorous methods necessary to conduct and report a valid systematic review(44-46).
First, the research question that the review is to address must be clearly defined before
starting the review. The patient populations, interventions under study, and outcomes to
be measured must be specified.

Systematically searching the literature for relevant trials pertaining to the
question is essential, to attempt to identify all relevant trials. Search strategies that
include foreign language literature, and attempt to uncover unpublished trials are
preferable, to decrease the effects of publication bias on the results of the review.
Another form of bias that may affect a systematic review is how trials are selected for
inclusion (selection bias). To minimize the influence of selection bias, the methods
used to search for trials, and to select trials for inclusion and exclusion, should be

defined prior to starting the search, and described when reporting the review.



Trial design affects the outcomes of trials markedly; this makes it important to
assess the quality of the individual trials included in a systematic review. There are
several scoring systems available to allow uniform assessment of the quality of
randomized trials(47); the quality scores can then be used in conducting sensitivity
analyses to assess the effects of study quality on the outcomes of the review.

Once trials have been selected for inclusion in the review, decisions about
whether it is appropriate to combine the results of the individual trials to obtain an
overall pooled result must be made. In some cases, combining data across trials may
result in firm conclusions about the benefit or harm of a treatment that were not
apparent from the individual trials, as the resultant larger sample sizes will increase the
statistical power. This may be of particular benefit when several relatively small,
under-powered trials have been conducted which arrive at inconclusive results. This
has been noted to be a particular problem in trials in acute asthma(48;49). In other
cases, combining data may be problematic due to differences in the design of the trials,
or a lack of appropriate trials. These findings are not without value; they may be used
to derive appropriate recommendations for future research. A third situation may occur
when relevant, apparently similar trials are found with discordant results. This may be
apparent as visually (when the results for the individual trials are displayed graphically)
or statistically significant heterogeneity (tested using a chi squared statistic for
heterogeneity). In this case, researchers need to investigate the possible causes, and
determine if it is appropriate to present an overall “average” effect. A summary of

discordant results is another strength of a systematic review(50).



In summary, a rigorously conducted systematic review has the potential to be of
benefit in several ways. In some cases it may provide firm conclusions about the effect
of a treatment that were not apparent from the individual trials. Furthermore, it can
provide information as to whether the findings can be generalized across populations,
settings, and treatment variations, or define where the findings vary significantly in
particular subgroups(51). In other cases, a systematic review may more clearly define
areas where further research is needed. It has been suggested that a meta-analysis
should be attempted prior to embarking on any clinical trial to establish what is already
known in the area(52). Others have recommended that an up-to-date systematic review
and meta-analysis should be included in the discussion section in reports of new clinical

trials, to allow readers to view the results in conjunction with the relevant evidence(53).

1.6 The Cochrane Collaboration

The Cochrane Collaboration is an international, multi-disciplinary organization
that aims to produce, maintain, and promote accessibility of high-quality systematic
reviews in many areas of health care, to aid users in making well-informed decisions. It
was founded in 1993, and is named after the late British epidemiologist, Dr. Archie
Cochrane. Dr. Cochrane believed that the best evidence about the effectiveness of
various medical therapies was not readily available for making decisions since it was
contained in thousands of randomized controlled trials scattered throughout the medical
literature. He advocated the use of a systematic process to locate relevant trials,

summarize them, and update the results regularly, in the form of systematic reviews.
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The Collaboration promotes the production of high-quality reviews in a number
of ways. First, a protocol must be submitted prior to commencing a review; efforts are
made to prevent duplication of reviews. There must be a well-defined research
question, and the criteria used to select trials for inclusion must be specified. Rigorous
and comprehensive search techniques are required to reduce publication bias. The
Collaboration also encourages trialists to provide information about unpublished or
ongoing trials in the Cochrane Controlled Trials Register (CCTR). The quality of
included trials must be appraised using criteria for concealment of ailocation; use of
other methods in addition to this is strongly encouarged. Data must be abstracted from
articles in a way that is reproducible and checked for errors; which data will be used for
comparisons should be specified a priori. Measures of effect can be summarized,
where it is deemed appropriate, using an odds ratio or relative risk for dichotomous
data; continuous data are summarized using a mean difference. The authors of the
review then provide an interpretation of the results, and make recommendations for
clinical practice, as well as for further research in the area(44).

Support is provided to individual ‘reviewers’ by the Cochrane Collaboration in a
number of ways. There are a number of Collaborative Reviews Groups (CRG) within
the Collaboration. Support staff may assist the groups in a number of ways, such as
providing assistance with searching the literature and retrieving articles, translation of
foreign language articles and guidance with statistical methods. Quality control is at
least as high as that for peer-reviewed medical journals(54); internal reviews are
completed by two editors within the CRG, followed by external review by at least one

expert in the field. Training in methods of systematic reviews is provided when
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necessary, and technical support is also provided in the form of RevMan, a software
package developed by the Cochrane Collaboration for analyzing and reporting reviews.
Once accepted, reviews are published electronically by Update Software in electronic
form, in the Cochrane Library under the Cochrane Database of Systematic Reviews
(CDSR), which is updated quarterly. Authors are encouraged to regularly update
reviews to include new research results and responses to criticisms. It has been shown
that Cochrane reviews have greater methodological rigor, and are more frequently

updated than those published in traditional paper-based journals(55).

1.7 The proposal

Searching the literature regarding the use of ICS in the emergency department
treatment of acute asthma revealed that several relatively smail, potentially relevant
trials had been published in this topic area. Some of these trials investigated the use of
ICS for patients with acute asthma while in the ED. Other trials administered ICS after
emergency department discharge in the first days to weeks after an asthma
exacerbation. Many had non-significant results, possibly related to the small sample
sizes, and the conclusions drawn in the studies varied widely.

To address the questions of if and how emergency physicians should employ
ICS in the treatment of acute asthma, two systematic reviews have been prepared. The
first review deals with the question of whether there is a benefit of ICS therapy when
administered early in the ED treatment of acute asthma, examining immediate outcomes
including admission, pulmonary function tests while in the ED, and side effects. The

second systematic review addresses the question of whether ICS therapy should be

12



prescribed upon discharge from the ED, using outcomes including asthma relapse,
quality of life, and symptoms. This review addresses two possible roles for ICS after
ED discharge; either in addition to CS therapy, to provide additional benefit, or the

possibility of using ICS alone, in place of CS therapy.

13



1.8 References

)

)

€))

C))

)

(6)

¢)

®)

©)

(10)

an

Emond SD, Camargo CA Jr, Nowak RM. 1997 national asthma education and
prevention program guidelines: A practical summary for emergency physicians.
Ann Emerg Med 1998; 31(5):579-589.

Mannino DM, Homa DM, Pertowski C, Ashizawa A, Nixon LL, Johnson CA,
Ball LB, Jack E, Kang DS. Surveillance for asthma--United States 1960-1995.
Mor Mortal Wkly Rep CDC Surveill Summ 1998; 24(47):1-27.

Alberta Heath Surveillance Branch. Ambulatory Care Classification System
Database. 2000.

Krahn MD, Berka C, Langlois P, Detsky AS. Direct and indirect costs of asthma
in Canada, 1990. CMAJ 1996; 154(6):821-831.

Camargo CA Jr, on behalf of the MARC investigators. Acute asthma among
children presenting to the emergency department: The Multicentre Asthma
Research Collaboration [abstract]. Acad Emerg Med 1998; 5(5):380.

Camargo CA Jr, on behalf of the MARC investigators. Management of acute
asthma in US emergency departments: The Multicentre Asthma Research
Collaboration [abstract]. Am J Respir Crit Care Med 1998; 157(3 part 2):A623.

National asthma education and prevention program. Expert panel report II:
Guidelines for the diagnosis and management of asthma. Bethesda, MD:
National Institutes of Health, 1997.

The British guidelines on asthma management: 1995 review and position
statement. Thorax 1997; 52:153-156.

Boulet L-P, Becker A, Bérubé D, Beveridge RC, Emst P, on behalf of the
Canadian Asthma Consensus Group. Canadian asthma consensus report, 1999.
CMAJ 1999; 161(11 Suppl).

Global initiative for asthma: Global strategy for asthma management and
prevention, NHLBI/WHO workshop report. Bethesda, MD: National Institutes
of Health, 1995.

Cates CJ, Rowe BH. Holding chambers versus nebulisers for beta-agonist

treatment of acute asthma (Cochrane Review). In: The Cochrane Library
(issue 4). Oxford: Update Software; 2000.

14



(12)

(13)

(14)

(15)

(16)

an

(18)

(19)

(20)

(21)

(22)

(23)

(24)

Plotnick LH, Ducharme FM. Should inhaled anticholinergics be added to B-
agonists for treating acute childhood and adolescent asthma? A systematic
review. BMJ 1998; 317(7164):971-977.

Stoodley RG, Aaron SD, Dales RE. The role of ipratropium bromide in the
emergency management of acute asthma exacerbations: a metaanalysis of
randomized clinical trials. Ann Emerg Med 1999; 32(1):8-18.

Rowe BH, Spooner CH, Ducharme FM, Bretzlaff JA, Bota GW. Early
emergency department treatment of acute asthma with systemic corticosteroids
(Cochrane Review). In: The Cochrane Library (issue 4). Oxford: Update
Software; 2000.

Tattersfield AE. Limitations of current treatment. Lancet 1997; 350(suppl II):24-
27.

Barnes PJ. Inhaled glucocorticoids for asthma. N Engl J Med 1995;
332(13):868-875.

Adcock IM, Stevens DA, Barnes PJ. Interactions of glucocorticoids and B2-
agonists. Eur Respir J 1996; 9:160-168.

Jagoda A, Moore Shepherd S, Spevitz A, Joseph MM. Refractory asthma, part
1: epidemiology, pathophysiology, pharmacologic interventions. Ann Emerg
Med 1997; 29(2):262-274.

Seco AJ, Salgueiro ME, Manso G. Acute and chronic treatment with
glucocorticosteroids, modifying the B2-adrenergic response of the guinea pig
trachea. Lung 1995; 173:321-328.

Tan KS, Grove A, McLean A. Systemic corticosteroid rapidly reverses
bronchodilator subsensitivity induced by formoterol in asthmatic patients. Am J
Respir Crit Care Med 1997; 156:28-35.

Gibbs MA, Camargo CA, Jr., Rowe BH, Silverman RA. Therapeutic
controversies in severe acute asthma. Acad Emerg Med 2000; 7(7):800-815.

McFadden ER. Inhaled glucocorticoids and acute asthma: therapeutic
breakthrough or non-specific effect? (Editorial). Am J Respir Crit Care Med
1998; 157:677-678.

Lin RY, Pesola GR, Bakalchuk L, Heyl GT, Dow AM, Tenenbaum C, Curry A,
Westfal R. Rapid improvement of peak flow in asthmatic patients treated with
parenteral methylprednisolone in the emergency department: a randomized
controlled study. Ann Emerg Med 1999; 33(5):487-494.

Rodrigo G, Rodrigo C. Corticosteroids in the emergency department therapy of
acute adult asthma: an evidence-based evaluation. Chest 1999; 116(2):285-295.

15



(25)

(26)

@7

(28)

(29)

(30)

€2))

(32)

(33)

(34)

(35)

(36)

€Y)

Lin RY, Pesola GR, Westfal RE, Bakalchuk L, Freyberg CW, Cataquet D .
Early parenteral corticosteroid administration in acute asthma. Am J Emerg Med
1997; 15:621-625.

Littenberg B, Gluck E. A controlled trial of methylprednisolone in the
emergency treatment of acute asthma. N Engl J Med 1986; 314:150-152.

Clark DJ, Lipworth BJ. Dose-response of inhaled drugs in asthma: an update.
Clin Pharmacokinet 1997; 32(1):58-74.

Harvey LL, Nair SV, Kass I. Beclomethasone dipropionate aerosol in the
treatment of steroid-dependent asthma. Chest 1976; 70:345-350.

Noonan M, Chervinsky P, Busse WW, Weisberg SC, Pinnas J, DeBoisblanc BP,
Boltansky H, Pearlman D, Repsher L, Kellerman D. Fluticasone propionate
reduces oral prednisone use while it improves asthma control and quality of life.
Am J Respir Crit Care Med 1995; 152:1467-1473.

Westbroek J, Saarelainen S, Laher M, O'Brien J, Barnacle H, Efthimiou J. Oral
steroid-sparing effect of two doses of nebulized fluticasone propionate and
placebo in patients with severe chronic asthma. Respiratory Medicine 1999;
93:689-699.

Hill JM. Nebulised corticosteroids in the treatment of patients with asthma.
Thorax 1999; 54:661-663.

Haahtela T, Jirvinen M, Kava T. Comparison of a 32-agonist, terbutaline, with
an inhaled corticosteroid, budesonide, in newly detected asthma. N Engl J Med
1991; 325:388-392.

Sherman S. Acute asthma in adults. In: Tintinalli JE, Ruiz E, Krome RL, editors.
Emergency Medicine. New York: McGraw-Hill, 1996: 430-438.

Passalacqua G, Albano M, Canonica GW, Bachert C, VanCauwenberge P,
Davies RJ, Durham SR, Kontou-Fili K, Horak F, Malling HJ. Inhaled and nasal
corticosteroids: safety aspects. Allergy 2000; 55(1):16-33.

Emond SD, Camargo CA Jr, Nowak RM. Advances, opportunities, and the new
asthma guidelines. Ann Emerg Med 1998; 31(5):590-594.

Boulet L-P, Becker A, Bérubé D, Beveridge RC, Ernst P, on behalf of the
Canadian Asthma Consensus Group. Inhaled glucocorticoids in adults and
children. CMAJ 1999; 161(11 suppl):S24-S27.

Salmeron S, Guerin JC, Godard P, Renon D, Henry-Amar M, Duroux P, Taytard
A. High doses of inhaled corticosteroids in unstable chronic asthma. A
multicenter, double-blind, placebo-controlled study. American Review of
Respiratory Diseases 1989; 140:167-171.

16



(38)

(39)

(40)

41)

(42)

(43)

(44)

(43)

(46)

47)

(48)

(49)

(50)

(51)

Vathenen AS, Knox AJ, Wisniewski A, Tattersfield AE. Time course of change
in bronchial reactivity with an inhaled corticosteroid in asthma. Am Rev Respir
Dis 1991; 143:1317-1321.

Aziz I, Lipworth BJ. A bolus of inhaled budesonide rapidly reverses airway
subsensitivity and 82-adrenoceptor down-regulation after regular inhaled
formoterol. Chest 1999; 115(3):623-628.

O'Byrne PM. Interaction between haemopoietic regulation and airway
inflammation. Clin Exp Allergy 1999; 29(Suppl 2):27-32.

Gibson PG, Saltos N, Carty K, Wilson A, Perkin K. Acute effect of budesonide
on airway eosinophils and airway resonsiveness in asthma [abstract]. Am J
Respir Crit Care Med 1997;A289.

Hauck RW, Karres I, Lembeck RM, Ulm K, Schomig A. Immediate
bronchodilatory action of inhaled budesonide (pulmicort turbohaler) {abstract].
Am J Respir Crit Care Med 1998;A404.

Mulrow CD. The medical review article: state of the science. Ann Intern Med
1987; 106(3):485-488.

Clarke M, Oxman AC, editors. Cochrane Reviewers Handbook 4.1 [updated
June 2000]. In: Review Manager (RevMan) [Computer Program]. Version 4.1.
Oxford, England: The Cochrane Collaboration, 2000.

Olson CM. Understanding and evaluating a meta-analysis. Acad Emerg Med
1994; 1(4):392-398.

Moher D, Olkin I. Meta-analysis of randomized controlled trials. JAMA 1995;
274(24):1962-1964.

Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ,
McQuay HJ. Assessing the quality of reports of randomized clinical trials: is
blinding necessary? Controlled Clin Trials 1996; 17:1-12.

Ward MJ. Clinical trials in acute severe asthma: Are type II errors important?
Thorax 1986; 41:824-829.

Prescott RJ. The small clinical trial: Is there a better way? Thorax 1986; 41:822-
823.

Cook DJ, Mulrow CD, Haynes RB. Systematic reviews: Synthesis of best
evidence for clinical decisions. Ann Intern Med 1997; 126(5):376-380.

Mulrow CD. Rationale for systematic reviews. BMJ 1994; 309:597-599.

17



(52)

(53)

(54)

(55)

Dickersin K, Berlin JA. Meta-analysis: State-of-the-science. Epidemiologic
Reviews 1992; 14:155-176.

Clarke M, Chalmers I. Discussion sections in reports of controlled trials
published in general medical journals: islands in search of continents? JAMA
1998; 280(3):280-282.

Bero L, Rennie D. The Cochrane Collaboration. Preparing, maintaining, and
disseminating systematic reviews of the effects of health care. JAMA 1995,
274(24):1935-1938.

Jadad AR, Cook DJ, Jones A, Klassen TP, Tugwell P, Moher M, Moher D.
Methodology and reports of systematic reviews and meta-analyses: A
comparison of Cochrane reviews with articles published in paper-based journals.
JAMA 1998; 280(3):278-280.

18






