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The objective of the present document is to review the impact of new

information on the recommendations made in the last (1999) Canadian

Asthma Consensus Guidelines. It includes relevant published studies

and observations or comments regarding what are considered to be the

main issues in asthma management in children and adults in office, emer-

gency department, hospital and clinical settings. Asthma is still insuffi-

ciently controlled in a large number of patients, and practice guidelines

need to be integrated better with current care. This report re-emphasises

the need for the following: objective measures of airflow obstruction to

confirm the diagnosis of asthma suggested by the clinical evaluation;

identification of contributing factors; and the establishment of a treat-

ment plan to rapidly obtain and maintain optimal asthma control accord-

ing to specific criteria. Recent publications support the essential role of

asthma education and environmental control in asthma management.

They further support the role of inhaled corticosteroids as the mainstay

of anti-inflammatory therapy of asthma, and of both long acting

beta2-agonists and leukotriene antagonists as effective means to improve

asthma control when inhaled corticosteroids are insufficient. New develop-

ments, such as combination therapy, and recent major trials, such as the

Children’s Asthma Management Project (CAMP) study, are discussed.

Key Words: Asthma guidelines; Asthma management; Asthma treat-
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Principes directeurs du consensus canadien sur l’asthme :
quoi de neuf?

RÉSUMÉ : Le présent document vise à passer en revue l’incidence de

nouveaux éléments sur les recommandations formulées dans le dernier rap-

port du consensus canadien sur l’asthme, paru en 1999. Le document fait état

d’études publiées ainsi que d’observations ou de commentaires pertinents

concernant les principaux aspects du traitement de l’asthme chez les enfants

et les adultes, et ce, autant en cabinet qu’au service des urgences ou en milieu

clinique ou hospitalier. Bon nombre de patients souffrent encore d’asthme

non suffisamment maîtrisé, et il importe que les principes directeurs soient

mieux intégrés dans la pratique actuelle. Ainsi est réaffirmée la nécessité de

respecter les principes suivants : les mesures objectives d’obstruction à

l’écoulement de l’air pour confirmer le diagnostic évoqué par l’évaluation

clinique, l’identification des facteurs favorisants et l’élaboration d’un

plan de traitement permettant d’atteindre rapidement une maîtrise optimale

et soutenue de l’asthme selon certains critères bien définis. Des publi-

cations parues récemment confirment le rôle essentiel de l’éducation du

patient et de la qualité de l’environnement dans le traitement de l’asthme. De

plus, elles étayent le rôle des corticostéroïdes en aérosol comme composant

principal du traitement anti-inflammatoire de l’asthme ainsi que des agonistes

bêta2 à action prolongée et des antagonistes des leucotriènes comme com-

pléments aux stéroïdes lorsque ceux-ci s’avèrent plus ou moins efficaces.

Il sera aussi question des derniers progrès, comme la polythérapie, et des

principaux essais menés récemment, comme le Children’s Asthma

Management Project (CAMP).
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INTRODUCTION
Louis-Philippe Boulet

In May 1998, a group of adult and pediatric respirologists,

allergists, emergency physicians, pediatricians and family

physicians met to review Canadian asthma consensus guide-

lines. A detailed version of the guidelines and both French

and English summaries were published in the Canadian

Medical Association Journal in November 1999 (1), and are

available on a Web site (http://www.asthmaguidelines.com).

Recommendations regarding asthma management were based

on a combination of consensus opinion and interpretation

of the most current evidence available, graded according

to the Canadian Medical Association’s “guidelines for

guidelines” (2).

Given the complicated process required to establish

guidelines (consensus conferences, detailed review of new

information and publication following appropriate peer re-

view), any published guidelines run the risk of being out of

date soon after distribution. The need for ongoing review of

evidence and validation of randomized clinical trial results

makes the maintenance of guidelines a major challenge. The

present document is an attempt to review the impact of new

information on the recommendations made in the last Cana-

dian asthma guidelines. This includes relevant published

studies, and observations or comments from clinicians re-

garding issues considered to have been inadequately ad-

dressed. We also added comments and answers to questions

received from different sources about the guidelines, and indi-

cated whether current recommendations should be modified

or the level of evidence changed for any of the previous

guidelines. Finally, we thought it would be of interest to dis-

cuss new issues and considerations for the future, and to pro-

vide an update on the implementation process for the 1999

guidelines. Thus, the present document is not a new set of

guidelines and does not replace the 1999 document, but we

think that it will be a useful review for clinicians and will

stress important aspects of the previous consensus.

What is asthma?
The following definition of asthma was provided in the

1999 document:

Asthma is characterized by paroxysmal or

persistent symptoms such as dyspnea, chest tightness,

wheezing, sputum production and cough associated

with variable airflow limitation and a variable degree

of airway hyper-responsiveness (AHR) to endogenous

or exogenous stimuli. Inflammation and its resultant

effects on airway structure are considered the main

mechanisms leading to the development and

maintenance of asthma (1).

The definition remains valid; both airway inflammation

and structural changes are still considered important in the

development of clinical manifestations of asthma.

There is little doubt that most cases of asthma occur as a

result of environmental effects on the airways that trigger a

series of modifications of the immune system in genetically

predisposed individuals. In other cases, asthma may develop

after toxic exposures (eg, high level irritant-induced occupa-

tional asthma). Regardless of the cause of asthma, there are a

large number of chemicals, allergens and infectious agents

that trigger airway inflammation and may contribute to the

development of AHR. An increasing number of abnormali-

ties in certain genes are identified as predisposing to asthma

and atopy, but their exact role in contributing to the disease is

yet to be determined (3).

Recent studies indicate that airway inflammation and

remodelling (or restructuring) are present in patients who do

not have asthma, although they are more common in sub-

groups of patients considered to be at risk for developing

symptomatic asthma, such as atopic subjects with asymp-

tomatic AHR (4). When atopic individuals become symp-

tomatic, the observation that airway inflammation and

remodelling increase (5) suggests that mechanisms lead-

ing to asthma may begin months or years before the onset of

symptoms. However, the relative contribution of different

components in the inflammatory-remodelling process to

the development of AHR and asthma symptoms is still not
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Figure 1) Maintenance asthma treatment. *Or leukotriene receptor
antagonist if patient cannot or will not use inhaled corticosteroids.
Adapted with permission from reference 1. BDP-CFC Beclo-
methasone-chlorofluorocarbon

TABLE 1
Initial asthma treatment
1. Confirm diagnosis, evaluate symptoms, measure pulmonary

function tests, assess environment and other contributing
factors, and initate education

2. Medication
� If symptoms are infrequent and expiratory flows are normal,

a beta2-agonist should be used on demand
� If a beta2-agonist is needed more than three times/week

or if lung function is abnormal, an inhaled corticosteroid,
equivalent to beclomethasone with a chlorofluorocarbon
as a propellant, 400 to 1000 µg/day is usually the preferred
next step

� If symptoms are frequent, and expiratory flows and/or
forced expiratory volume in 1 s are less than 60% of predicted
or optimal values, initial therapy with prednisone should be
considered
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known (6). In the future, it may be possible to prevent asthma

by suggesting specific interventions for individuals at high

risk for developing asthma, but more work has to be done to

determine who will benefit the most from these interventions.

General management of asthma
As stated in the 1999 document, “the main thrust of

asthma therapy is to limit exposure to triggering factors and

to reduce the inflammatory process using anti-inflammatory

agents” (1). Failure to control the disease through environ-

mental modification or preventive strategies requires a bal-

anced pharmacological approach. This requires individual

assessment of the need for therapeutic intervention, and estab-

lishment of the risks and the benefits of various therapeutic

choices. Treatment plans should be considered therapeutic tri-

als, with careful assessment of their impact on symptoms, lung

function, complications related to treatment and overall qual-

ity of life. The Asthma Treatment Continuum (7) adopted at the

previous Canadian Asthma Consensus Conference appears to

be well accepted as a framework by Canadian health care pro-

viders (Table 1 and Figure 1). The diagnostic and therapeutic

approaches to asthma are summarized in Table 2.

Definition of asthma control and severity
No simple scoring system is available to quantify disease

control accurately. The criteria defined in Table 3 provide an

overall evaluation of ‘acceptable’ control; attempts to define

disease control with symptom scores have been published

but are used mostly in research (8). A recent Canadian survey

showed that many asthma patients have poor control of their

disease, resulting in reduced quality of life and significant in-

terference with daily activities (9). Some of the factors that

contribute to poor asthma control are listed in Table 4. Im-

proved asthma control may be achieved through appropriate

environmental measures, patient education and individual

pharmacotherapy – all should be assessed regularly and treat-

ment adjusted accordingly.

The assessment of severity has usually been based on the

frequency and duration of respiratory symptoms, and the de-

gree of airflow limitation. However, once asthma is well con-

trolled, one of the best ways to judge severity is to determine

the level of treatment needed to maintain acceptable control,

and to evaluate the presence of severe asthma events, urgent

care needs and overall influence of asthma on daily activities

(see section on Diagnosis) (1).

Medications
There are several new molecules under investigation that

affect different immune and mediator mechanisms. These

Can Respir J Vol 8 Suppl A March/April 2001 7A
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TABLE 2
Overall management of asthma

Suspect asthma Make differential diagnosis
Confirm the diagnosis and

assess initial severity
Evaluate symptoms and

measure pulmonary function
tests (spirometry or peak
expiratory flows)

Determine possible triggers
and inducers of asthma

Perform a questionnaire, allergy
tests or other tests (to assess
environment, workplace, etc)

Initiate treatment Prescribe the medication required
to achieve asthma control
(see Table 1 and Figure 1)

Treat associated conditions
(eg, rhinitis)

Initiate education Provide basic elements and,
if possible, refer patient to an
asthma educator

Determine the best results
achievable

Check asthma control criteria,
including pulmonary function

Determine the minimum
medication needed to keep
the asthma controlled

Progressively reduce the
medication while checking
asthma control

Devise an action plan for the
management of exacerbations

Provide a written document or ask
an asthma educator to do so

Ensure regular follow-up Regularly check control criteria
and pulmonary function

TABLE 3
Asthma control criteria
Daytime symptoms less than four days/week
Night-time symptoms less than one night/week
Normal physical activity

Mild, infrequent exacerbations
No absenteeism due to asthma
Fewer than four doses/week of short acting beta2-agonist needed*
FEV1 or PEF 90% of personal best or greater
Diurnal variability in PEF less than 10% to 15%

*Apart from one dose/day before exercise. FEV1 Forced expiratory
volume in 1 s; PEF Peak expiratory flow

TABLE 4
Some care gaps identified in asthma management
Insufficient patient education, particularly on what asthma is and

how to control it
Insufficient use of objective measurements of airflow obstruction

(peak expiratory flow, forced expiratory volume in 1 s)
Misunderstanding regarding the role and side effects of medications
Overuse of beta2-agonists and insufficient use of anti-inflammatory

agents
Lack of continuity of care

TABLE 5
Asthma medications
‘Relievers’ (for intermittent symptoms)

Short/fast-acting beta2-agonists
Ipratropium (rarely)

‘Controllers’ (maintenance therapy)
Anti-inflammatory medications

Inhaled and/or oral glucocorticosteroids
Leukotriene receptor antagonists
Antiallergic agents (cromoglycate, nedocromil)

Bronchodilators
Long acting, inhaled beta2-agonists (salmeterol, formoterol)
Theophylline (rarely)
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agents will potentially be useful in the prevention or treat-

ment of asthma. In addition to new therapies still under in-

vestigation, it has been suggested that the indications for use

of currently approved medications may require some modifi-

cation. For example, because formoterol has been shown to

have both rapid onset and long acting bronchodilator proper-

ties, its role in therapy may need to be reconsidered (see sec-

tion on beta2-agonists).

Asthma medications can still be divided into two main

categories: controllers and relievers (Table 5). Relievers are

best represented by the short acting beta2-agonists, and con-

trollers or preventers by inhaled glucocorticosteroids. When

small to moderate doses of inhaled glucocorticosteroids are

insufficient to control asthma symptoms, additional ther-

apy, such as the long acting, inhaled beta2-agonists sal-

meterol and formoterol, or the leukotriene antagonists

zafirlukast and montelukast, may be added as adjuncts.

When explaining treatment to patients with asthma, it is es-

sential to be very specific about the role that each medica-

tion plays in disease compared with in symptom control

(Table 6).

New propellants such as hydrofluoroalkane (HFA) pro-

pellants, combined agents such as the fluticasone/salmeterol

inhalers, and new devices have become available. An update

on asthma pharmacology is provided in the next sections of

this document.

Nonpharmacological treatment
Asthma education and environmental control are consid-

ered essential in the treatment of asthma. Progress has been

made in improving the standards for educational interven-

tions and in making them more available in Canada. A na-

tional asthma educators’ certification program has been

made available through the Canadian Network for Asthma

Care (http://www.cnac.net/), and is linked to regional and

provincial programs. There is still a need to improve aware-

ness and acceptance of the role of asthma education in the

continuum of care. Support is necessary from primary care

physicians to ensure appropriate referrral and participation in

long term care. Provincial and regional health authorities

need to establish stable funding for these programs.

Treatment of associated conditions
There is a need to suspect, diagnose and treat associated

conditions, such as rhinitis and/or sinusitis or gastroeso-

phageal reflux, that may affect asthma control (10).

Conclusion
In most instances, asthma can be well controlled and the

consequences of the disease minimized. The following sections

will update our knowledge on recent developments in this field.
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DIAGNOSIS AND EVALUATION OF ASTHMA
Denis Bérubé, Donald W Cockcroft

Recommendations regarding the diagnosis and evaluation

of asthma in adults have not changed since the publication of

the 1999 guidelines (1). Diagnosis, assessment of pretreat-

ment severity and control should still be based on the objec-

tive assessment of variable airway obstruction and symp-

toms (including as-needed rescue medication needs and

morbidity). Post-treatment severity in the well controlled pa-

tient should be based on the minimum medication need.

When optimal control cannot be achieved, persisting airflow

obstruction, symptoms and morbidity are also included in the

definition of severity. Although not routinely available, ex-

amination of induced sputum shows promise in the evalua-

tion of asthma control and as a guide to treatment (2,3).

In 1998, the Canadian Asthma Consensus Group stated

that for children able to perform reproducible spirometry, the

diagnosis of asthma and the evaluation of its severity could

be established by the same method as that used for adults (1);

this still applies in the year 2001. The following discussion

deals with patients who are unable to perform spirometry.

Variable airway obstruction
A major problem facing pediatricians who treat asthma

is the inability to routinely obtain noninvasive and reliable

assessments of variable airway obstruction in patients unable

to produce reproducible spirometry (ie, in children younger

8A Can Respir J Vol 8 Suppl A March/April 2001
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TABLE 6
Messages regarding medication

Asthma medications should be used at the lowest dose and
frequency required to maintain acceptable asthma control

Medication should not be used as a substitute for proper control
of the environment

Asthma medications are considered to be safe over many years
when used appropriately

Long term use of anti-inflammatory agents has not resulted in
any clinically significant reduction in their efficacy

Medication should be adapted to the needs of each asthma patient
Patients should learn how to modify their treatment rapidly when

asthma flares
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than five or six years of age). Over recent years, forced oscil-

lation has been used successfully to measure total respiratory

resistance in children aged three years and older who cannot

perform spirometry (4,5). However, the difficulties persist in

assessing airway obstruction and its reversibility in younger

children. Many methods of obtaining airway function meas-

urements have been described in young children, including

whole body plethysmography, forced expiratory flow fol-

lowing rapid thoracoabdominal compression, single- or

multiple-breath occlusion techniques, forced oscillation or

forced deflation techniques, and measurements made dur-

ing tidal breathing. While standards and normal values have

been published (6), most methods are invasive to a certain

extent, require sedation, necessitate specialized equipment

and personnel, and are not widely available. Their inter- and

intra-individual variability often preclude their use in the as-

sessment of airway obstruction reversibility after bronchodi-

lator administration in all but the patients with the most

severe disease (7,8). Furthermore, responsiveness to bron-

choconstrictors after inhalation challenge, which may be

used reliably in older children and adults, has never been

shown to differentiate between normal infants and recurrent

wheezers. These issues led some authors to question whether

airway hyper-reactivity was a feature of normal early child-

hood, disappearing in most individuals except those destined

to suffer from asthma. Others argue that hyper-reactive air-

ways may be artificially created by the measurement tech-

niques used for assessment or the inability to standardize the

amount of bronchoconstrictor inhaled by young infants com-

pared with older children (7-13). Overall, assessment of air-

way function in subjects unable to perform spirometry or

forced oscillation has not yet gained popularity within the

pediatric community due to its inability to provide reliable

and management-modifying data easily.

Airway inflammation
Although the assessment of the presence and severity of

airway inflammation is still not part of the routine clinical

management of patients with asthma, it is more and more

easily and reliably obtained through the analysis of in-

duced sputum. This method has been described and used in

pediatrics (14,15), but has not yet reached acceptance and rec-

ognized usefulness in adult medicine, although more studies

on the role of this method in the current management of

asthma in adults are needed. Again, this method cannot yet be

used in uncooperative patients, and airway inflammation still

cannot be assessed noninvasively in young patients.

Symptoms
As in 1998, for uncooperative children unable to perform

reproducible spirometry, careful and repeated history-taking

and physical examination are still the best, if not the only,

diagnostic tools for most clinicians. Wheezing and cough in

early childhood commonly describe a heterogeneous group

of patients. In fact, the younger the child is at the onset of

symptoms, the more likely that a diagnosis other than asthma

should be considered and excluded. Previous International

Consensus Statements on Asthma have even recommended that

asthma in children be considered a diagnosis of exclusion (16).

Large epidemiological data show that virus-induced wheezing

in infancy affects up to one-third of otherwise normal children,

of which two-thirds do not have the usual risk factors associ-

ated with asthma. The hypothesis is that these infants have

narrower intrathoracic airways that predispose them to early

wheezing when their airways are affected by virus-induced

inflammation. These ‘early wheezers’ have a favourable

prognosis, with a disappearance of wheezing after their

third birthday. The remaining one-third carry a less favourable

prognosis, with an increased likelihood of long term, recurrent

airway obstruction usually associated with atopy – the classical

asthma risk factor (17,18).

In 1998, the Canadian Asthma Consensus Group thought

that the likelihood of asthma increased when certain risk fac-

tors and clinical patterns were present. Included among the

risk factors were severe episodes of wheezing; wheezing af-

ter one year of age; more than three episodes of wheezing in a

given year; a personal history of atopy; a family history of

asthma or atopy; maternal cigarette smoking; clinical bene-

fits from acute bronchodilator therapy; clinical evidence of

improvement after anti-inflammatory treatment; chronic

cough (especially nocturnal or associated with exercise);

and wheezing in patients who are unlikely to have a viral

infection. As awkward as it may be, this pragmatic approach

is still a clinically helpful tool to identify preschoolers either

who have asthma or in whom treatment trials with asthma

therapy are appropriate.
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ENVIRONMENTAL CONTROL
Allan B Becker

The Canadian Asthma Consensus Report, 1999 (1) clearly

documented the relation between sensitization to environ-

mental allergens and asthma in both children and adults. How-

ever, there is debate as to the value of environmental control

measures in the management of asthma, which is best illus-

trated in the case of house dust mite allergy. A meta-analysis

(2) was unable to find a positive effect of house dust mite envi-

ronmental control in patients with asthma. The authors noted

that “current chemical and physical methods aimed at reduc-

ing exposure to allergens from house dust mites seemed to be

ineffective” (2). In that analysis, only five of 23 studies re-

viewed showed a significant fall in the concentration of

house dust mite allergen, but four of the five studies were as-

sociated with some measured improvement of asthma. A

number of studies of the relation between house dust mite al-

lergen and asthma that were not considered in the meta-

analysis showed the importance of house dust mite avoid-

ance measures in the control of asthma (3-6). For example,

Murray and Ferguson (3) showed that a sterile bedroom en-

vironment was associated with marked improvement in

children with asthma due to house dust mite allergy. In an

open study of adults with asthma, Platts-Mills et al (4)

showed that airway responsiveness improved over a pe-

riod of months in an allergen-free hospital environment.

As well, residence at high altitude, where mite allergens

are low, has been used successfully in the treatment of

asthma in patients allergic to house dust mite (5).

One recent review (7) concluded that environmental con-

trol of allergens should be an integral part of the management

of sensitized patients. The authors reviewed 31 studies, in-

cluding some of those used in the meta-analysis noted above

(2). In a number of the studies, there was some evidence of

clinical benefit, although the outcome parameter considered

in each of the studies was somewhat different. The authors of

the review stated that “There remains an urgent need to de-

velop a large scale trial of the widespread applicability of

mite allergen avoidance and the effect on patient symptoms,

exacerbation rate, use of medication and overall health costs”

(7). What appears critical – and rather logical – in each of the

positive studies is the need to decrease significantly the con-

centration of house dust mite allergen to have an impact on

the underlying asthma pathophysiology in patients allergic to

house dust mites. For example, a recent study (8) found that

comprehensive environmental control, which included mat-

tress covers and active high efficiency particulate air

(HEPA) cleaners, was required to decrease levels of house

dust mite and cat allergens effectively. Associated with this

was a statistically significant improvement in airway respon-

siveness. Similarly, another double-blind, randomized trial

compared asthma progression over one year in children

whose homes received a standard environmental control in-

tervention with children whose homes received aggressive

intervention for dust mite elimination (9); dust mite levels

were lowered and bronchial hyper-responsiveness improved.

Several specific observations are worth noting. First, sleep-

ing in bunk beds constitutes a greater risk for developing

asthma for subjects sleeping in the bottom bed (10). Bunk

beds should be discouraged in families with an atopic back-

ground and sensitized children. Also of interest is the obser-

vation that synthetic pillows accumulate house dust mite

allergen more rapidly than feather pillows (11,12). It has

been observed that the house dust mite avoidance measure of

encasing the mattress with a vapour-impermeable cover and

hot washing bed linen reduced not only mite aeroallergen but

also cat allergen (13,14). There are new data on reducing dog

allergen levels by washing the dog, but the authors reported

that the dog needs to be washed at least twice a week to main-

tain the reduction in recoverable dog allergen (15). The use

of a dryer can kill all house dust mites if a temperature greater

than 55ºC is maintained for 10 to 15 min. That is, the thermal

death point and time required to kill mites is about the same

in air as it is in water.

Pollutants and/or adjuvants
Environmental tobacco smoke (ETS) is a risk factor for

the development of childhood asthma, and is frequently re-

sponsible for the worsening of asthma symptoms in children

and adults (16). The earlier, longer and greater the degree of

ETS exposure in early childhood, the greater the likelihood

of asthma developing in children (17,18). ETS is by far the

single most important pollution exposure factor associated

with asthma in infants and children, and must be avoided.

Environmental control: What is effective
and what is practical?

Avoidance of the principal indoor aeroallergens, includ-

ing house dust mites, companion animal(s) (particularly cats)

and cockroaches, appears to have the greatest potential for

benefit given their strong relationship to asthma. The removal

of pets from the home is the most effective way to reduce ex-

posure to cats or dogs (19). However, after removal of a cat,

it can take more than six months for cat allergen levels to re-

turn to baseline. Unfortunately, removal of a pet from the

home is loaded with psychosocial issues, and many – perhaps

most – families will not agree to the removal of the animal to

which an individual with asthma is sensitized. As a result of

the difficulty of pet removal from the home, a number of al-

ternatives have been considered to allow the animal to re-

main ‘in situ’. Although there is a marked reduction in
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airborne cat allergen (Fel d 1) after washing a cat on a weekly

basis (20), subsequent studies have shown that washing ef-

fects a transient decrease in airborne cat allergen levels (21),

and the animal probably needs to be washed twice a week to

decrease respirable allergen over time (14).

Cat allergen exposure also occurs in public environments

such as schools, hospitals and other public buildings; it is

presumed that pet allergen is transported to these sites on

clothing, and settles into reservoirs such as upholstered furni-

ture and carpeting. Children from homes with cats carry sig-

nificant amounts of cat allergen on their clothing (22), and, to

a great extent, the cat has become a source of community-

based allergen. The authors suggested that “carpeting should

be discouraged in environments such as schools and child-

care centres where children spend considerable time” (22).

Carpeting appears to be an important risk factor for allergy

and asthma. Similarly, upholstered chairs in hospitals, and

presumably other public places, constitute a significant reser-

voir of cat and dog allergen (23). Frequent vacuuming (three

times/week using an HEPA filter vacuum cleaner) has been

shown to significantly reduce allergen levels in upholstered

furniture (23).

Unfortunately, compliance with allergen avoidance rec-

ommendations is very poor, even with the most simple rec-

ommendations, such as encasement of mattresses (24). We

propose that allergen avoidance is a critically important goal

for allergic patients in any asthma management program.

While removal of a sensitized individual to an allergen-free

environment, such as a hospital or a mountain retreat, can re-

sult in dramatic improvement clinically and in terms of air-

way function, this is neither practical nor possible in most

instances. Environmental control is generally given lip serv-

ice in asthma therapy. As the potential value for environ-

mental therapy increases, we must give serious consideration

to proper and effective means for environmental control

(Tables 1 and 2). Compliance should not be a problem with

house dust mite avoidance measures, but compliance will

continue to be a major issue in relation to pets. Given the psy-

chosocial issues and the widespread exposure to cat allergen,

issues of ventilation and filtration in the home and in the

work environment will be of increasing importance. Proper

and effective methods of ventilation and filtration at home

and at work must be the focus of increased research, particu-

larly given the epidemic of allergy and asthma in the indus-

trialized world over the past quarter of a century. We now

have at our disposal effective means to assess rigorously the

impact of environmental control on patients with asthma.

Improved understanding of environmental control is critical

to our approach to this major health problem. Key messages

are found in Table 3.
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TABLE 1
Environmental therapy for house dust mites
Maintain relative humidity below 50%
Encase mattresses, boxsprings (and possibly pillows) in mite- and

mite allergen-impermeable covers
Launder bed linen in hot (55�C) water
Remove carpeting, where possible
Air filters do not affect reservoir levels of house dust mite allergen

TABLE 2
Environmental therapy for pet allergens
Removal of the pet from the home is the most effective approach
Where removal is not possible, the following may decrease airborne

pet allergen:
Pet exclusion from the bedroom
Use of a high efficiency particulate air (HEPA) room cleaner
Mattress and pillow encasement with mite-impermeable covers
Removal of carpeting
Frequent vacuuming of upholstered furniture with a HEPA

filtered vacuum
Washing the pet twice weekly (this must NOT be done by the

allergic individual)

TABLE 3
Key messages about allergen exposure*
Increased allergen exposure increases risk for allergy and asthma
Allergic patients exposed to high concentrations of allergen to

which they are sensitized have a greater risk for acute, severe
asthma

Intervention must significantly decrease allergen exposure to
affect the underlying asthma

Carpeting is a risk factor for allergy and asthma
Removal of a pet from the home is the most effective means to

reduce exposure to a cat or dog
Encasement of a mattress is the single most effective method to

reduce exposure to house dust mite allergen

*All recommendations are level I
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PATIENT EDUCATION
Johanne Côté, Tom Kovesi

Research published since 1998 in relation to asthma edu-

cation interventions has increased support for the guideline

recommendations (Table 1). Elements to consider when de-

signing education programs are summarized in Table 2.

Content of the asthma education program
A recent meta-analysis (1) confirmed that asthma educa-

tion programs aimed only at improving knowledge about

asthma do not improve asthma morbidity. Another meta-

analysis (2) assessed the value of asthma education programs

based on self-monitoring of asthma symptoms or peak expi-

ratory flow (PEF) with step up or down of asthma therapy

according to a written self-action plan with the routine commu-

nity asthma care. The findings from 24 clinical trials showed

that programs using self-management based on a written action

plan can significantly decrease the number of hospitalizations,

emergency room visits, unscheduled visits to the doctor, days

off from work or school, and nocturnal asthma symptoms.

Asthma education programs showing improved outcomes

have used different methods, making it difficult to identify

the key components of the intervention that were responsible

for the observed results. This issue has again been empha-

sized in a review of all educational studies published be-

tween 1979 and 1998 (3). A recent clinical trial (4) involving

patients enrolled at the time of an exacerbation concluded

that a written self-action plan, combined with teaching of in-

haler technique and a structured educational intervention,

can significantly decrease the number of unscheduled visits for

asthma in comparison with usual care or a short educational in-

tervention that included only the prescription of the written

self-action plan and teaching of the inhaler technique.

Impact of asthma education
on health care use

A meta-analysis found that asthma education may decrease

the number of emergency department visits and hospitaliza-

tions in adults with asthma (2). The studies reporting benefits

have targeted specific subgroups of patients, such as those vis-

iting emergency departments or hospitalized for asthma exac-

erbations. A study done in the United Kingdom (5) showed a

significant decrease in the number of hospitalizations, emer-

gency department visits, antibiotic use and consultations to

general practitioners in a group of patients with asthma from a

low socioeconomic area after an asthma education interven-

tion. Because only one-third of the patients had previously

been admitted to or visited the emergency department for

asthma, it seems that benefits may not be restricted to high

risk patients (5). The decrease in health care use was not ob-

served in non-White patients with asthma living in the same
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TABLE 1
Conclusions and recommendations on asthma
education and monitoring

Education is an essential component of asthma therapy and
should be offered to patients (both adults and children) at the time
of emergency department visit and/or hospitalization (level I)

All patients should have written self-action plans for
self-management that include medication adjustment in
response to severity, frequency of symptoms and medication
requirements for relief of symptoms (level I)

Patient self-monitoring may be effective using either measurement
of PEF or monitoring of asthma symptoms (level I)

Monitoring PEF may be useful in some patients, particularly those
who are poor perceivers of airflow obstruction (level III)

Monitoring of pulmonary function in physicians’ offices should be
routine (level III)

Patients with severe or poorly controlled asthma should be
referred to an asthma expert (level II)

PEF Peak expiratory flow

TABLE 2
Key elements to remember before designing an asthma
education program

The goal of asthma education is control of asthma via improved
knowledge and change in behaviour (level III)

Asthma education should not rely on written or videotape material
alone (level I)

Asthma education is effective only in the presence of effective
asthma therapy (level III)

Education must be provided at each patient contact (level II)
Good communication between health professionals and

coordination of their interventions is essential (level III)
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region; this finding was not related to language barriers. A study

done in Brazil (6) reported a decrease in asthma morbidity and

an improvement in asthma knowledge, symptoms and quality

of life, even in poorly educated people (with less than five

years of education). Significant decreases in emergency de-

partment visits and hospitalizations were also observed in a

group of inner-city patients in the United States who received

asthma education during hospitalization (7). These results sug-

gest that asthma education can decrease asthma morbidity in

subgroups with lower levels of education or lower socioeco-

nomic status. A nonrandomized trial involving a nurse to ad-

just medications in collaboration with the primary care

physicians was reported to improve pulmonary function and

markers of pulmonary inflammation, to reduce emergency

department visits, and to reduce absenteeism from work and

school (8). Despite many studies reporting benefits from edu-

cation, it has been suggested that in the presence of expert

asthma care and the provision of good basic asthma educa-

tion, the addition of a more intensive asthma education pro-

gram may have limited clinical and cost benefits (9).

Cost effectiveness
In a study comparing educational interventions based on a

written self-action plan and peak flow monitoring in one

session at the beginning versus reinforcement every three

months for a year, no significant difference in clinical out-

come was observed, but the intervention with reinforcement

was considered less cost effective (10).

Asthma education in children
Asthma education can also decrease asthma morbidity

in the pediatric population. Children referred to a nurse

practitioner-based asthma education program, in which the

educator had access to an asthma expert for consultation,

had reductions in the number of emergency department vis-

its and admissions compared with control subjects ran-

domly assigned to a single education session. An economic

analysis determined that more than US$11.00 was saved for

each dollar spent on the educator (11). Another study using a

similar program to provide a structured, 20 min session to in-

patients focusing on guided self-management and a written

action plan reported marked reductions in readmissions,

emergency department visits and unscheduled physician vis-

its (12). In a study of children frequently admitted to hospital

for asthma exacerbations, a significant decrease in health

care use was reported in the intervention group (14). Asthma

health care costs decreased by $721/child/year in the inter-

vention group and by $178/child/year in the control group

(14). However, in a pre- and postintervention study, a one-

week asthma camp for underprivileged children with severe

asthma resulted in marked reductions in hospitalizations and

emergency department visits, and reduced absenteeism from

school over the following year. The program saved over

US$2000 in direct health costs for each camper (15).

It was disappointing to note that an extensive intervention

program for inner-city American children reported only modest

improvements in asthma symptom-free days. This may serve to

emphasize previous evidence that education is most effective

when accompanied by effective medical therapy (13).

Education and environmental control: A trial that involved

briefly informing parents of children with asthma of the

harmful effects of passive smoke exposure was ineffective at

reducing the children’s exposure to cigarette smoke, and was

no more effective than simply providing them with a bro-

chure; one-year smoking cessation rates were less than 3% in

both groups (16). Further research is needed in this field to

find better ways of influencing parents’ behaviour.

Educational methods: The use of a touch-screen computer

program alone resulted in a trend toward improved asthma

knowledge one month later, although the effects on behav-

iour or outcome were not assessed (17).

Monitoring: As shown in the next section, research pub-

lished since early 1999 supports the last Canadian Guidelines

recommendations.

Home monitoring: A recent randomized trial (18) showed

that both symptoms and PEF-based self-management plans,

in conjunction with asthma education, were similarly effec-

tive at improving outcome measures including pulmonary

function, airway responsiveness, symptoms and quality of

life. However, therapy was altered as specified by either ac-

tion plan in only 30% of the exacerbations in either group.

Another Canadian study (19) using a PEF meter with elec-

tronic memory found that compliance with PEF monitoring

was generally poor and fell steadily over time, with only 63%

compliance at one month and 33% at 12 months. Fabricated

entries in the paper diary were quite common, and compli-

ance could not be predicted by education, income level or

asthma severity.

When results at one year before intervention were com-

pared with those one year after, asthma morbidity decreased

equally in subjects using either an action plan based on

symptoms or on peak flow monitoring (20). In the study by

Côté et al (4), asthma morbidity decreased significantly

even if most of the participating patients with asthma had a

self-action plan based on asthma symptoms. This suggests

that for most patients, action plans based on symptoms may

be adequate, except in poor perceivers or those particularly

motivated to monitor PEF (19). There is still little evidence

that PEF monitoring is more useful in patients with severe

asthma (21). PEF monitoring and diary recording of a vis-

ual analogue score for breathlessness were shown to iden-

tify better those patients with poor symptom perception

and those with exaggerated symptom responses to airway

narrowing (22).

In regard to the limitations of PEF measurements, a recent

large study (23) of children with asthma, 30% of pulmonary

function tests where PEF was normal, forced expiratory vol-

ume in 1 s (FEV1) or FEF25-75 was abnormal, and, in some

cases, was severely reduced, emphasizing the low sensitivity of

PEF for the detection of airflow limitation. Furthermore, a

‘spitting manoeuvre’ into a peak flow meter could falsely in-

crease PEF (24). A recent review (21) of commercially avail-

able PEF meters reported considerable variation in accuracy,

although reproducibility was good in all devices described.
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A study (25) found wide variations in PEF readings in the

same patients using different devices, suggesting that PEF

should be checked in the office with the patient’s own device

or at least with the same type of PEF meter.

Electronic home monitoring has been further refined. Sev-

eral devices provide reasonably accurate measurement of pul-

monary function (PEF and FEV1) and allow recording of diary

information such as beta2-agonist use. Because the devices pro-

vide the time and date, compliance with monitoring can be as-

sessed (26). A study on home spirometry with Internet-based

links to health care providers found that FEV1 measurements

correlated closely with values obtained in a pulmonary func-

tion laboratory, and that the system could be used even in a

population that had minimal experience with computers (27).

However, home spirometry can sometimes be inaccurate

for reasons not encountered in a hospital laboratory, such as

taking measurements in windy places or near a fan (28). The

Chronolog (Forefront Technologies Inc, USA), which elec-

tronically records the date and time that a metered dose in-

haler (MDI) is actuated, has been found to be useful in

identifying nonadherence and helping health care professionals

to develop a strategy to improve treatment plan adherence (29).

Physician monitoring: A recent British survey (30) has sug-

gested the value of using an asthma management stamp in the

rapid assessment of asthma control in an office setting. A

hand-held office spirometer, which provides detailed prompts

to improve the quality of results, was recently assessed in a

study of primary care practices in New Zealand (31). Prac-

tices were randomly assigned to receive either basic instruc-

tions for the device’s operation or a 2 h practical workshop

emphasizing acceptability and reproducibility criteria. Test

results generally did not meet American Thoracic Society cri-

teria in either group but were significantly more likely to be

acceptable in the workshop group. However, even ‘unaccep-

table’ results may be adequate to provide clinically useful in-

formation. A refresher workshop and training in pulmonary

function interpretation were also found to be important (31).

The American National Lung Health Education Program

has suggested that inexpensive spirometers be developed for

more widespread use in physicians’ offices. Such spirome-

ters should report only FEV1 and FEV6 as a surrogate of

forced vital capacity (FVC), on the assumption that measur-

ing expiratory flow for 10 s or longer to determine FVC is

more difficult and requires more precise equipment (32).

Office spirometers would require on-screen prompts to im-

prove the quality of testing. Manufacturer’s recommenda-

tions on the frequency of calibration would still need to be

followed. Such devices would facilitate more accurate objec-

tive measurements of pulmonary function in the office than

peak flow meters. However, predicted values for FEV6 are

different than for FVC and may be less widely available.

Workshops for office personnel performing spirometry may

further improve the quality of testing (31).
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RECOMMENDATIONS ON THE USE OF INHALED
CORTICOSTEROIDS IN ADULTS

Pierre Ernst

Efficacy
The Canadian Asthma Consensus Report, 1999 (1) stated

that inhaled corticosteroids offer the best option for the initial

anti-inflammatory therapy of asthma. This statement is further

supported by the recent study by Suissa and colleagues (2),

who examined asthma death among residents of Saskatche-

wan aged five to 44 years. A dose-dependent reduction in

asthma mortality with increasing use of inhaled corticoster-

oids was reported. The rate of death from asthma was re-

duced by approximately 50% with the use of six or more

canisters of inhaled corticosteroids during a 12-month pe-

riod. Of note was that 93% of the canisters dispensed were

low dose beclomethasone (200 inhalations of 50 �g each).

Because Beclovent and Becloforte (beclomethasone di-

propionate, Glaxo Wellcome Inc, Canada) are no longer

available, fluticasone propionate (Flovent, Glaxo Wellcome

Inc, Canada) has become the most frequently prescribed in-

haled corticosteroid in Canada. It must be remembered that,

on a microgram basis, fluticasone is twice as potent as beclo-

methasone, so that the usual maximal dose of fluticasone is

1000 �g/day. The equivalent maximal daily dose of

budesonide (Pulmicort, AstraZeneca, Canada) is 1600 �g.

Qvar (3M Pharmaceuticals, Canada) is a new formulation of

beclomethasone in which the standard chlorofluorohydrocar-

bon propellant has been replaced by the environmentally

friendlier HFA-134a propellant. This product has recently

been introduced to the Canadian market. In light of its better

lung deposition, it is recommended by the manufacturer for

use without a spacer device. Its potency on a microgram per

microgram basis is at least twice that of the chlorofluorocar-

bon (CFC) formulation of beclomethasone so that the usual

maximal daily dose is 800 �g/day. The very fine particle size

produced with Qvar also promotes greater peripheral deposi-

tion of the medication. This may be of potential therapeutic

benefit in adults (3). Information obtained from Glaxo Well-

come Inc suggests that the HFA formulation of fluticasone,

which should be available soon (Flovent HFA, Glaxo Well-

come Inc, Canada), will be interchangeable with the current

CFC formulation on a microgram per microgram basis.

Safety issues
The principal adverse effect of concern with inhaled corti-

costeroids for adults is the potential for promoting osteoporo-

sis and the subsequent excess risk of fractures. While several

studies (4,5) examining bone density after one and two years of

follow-up have been reassuring, a recent study by Wong et al

(6) probably provides a more accurate picture of the risk en-

countered in day to day practice. A small but significant de-

crease in bone mineral density among young adults of both

sexes with relatively mild asthma who were observed for an av-

erage of six years was reported. The effect was of sufficient size

and occurred at doses commonly used, so that a significant ex-

cess of fractures would be expected as these patients age. An in-

crease in actual fracture risk, however, remains to be shown.

While suppression of adrenal function can be shown

with high doses of inhaled corticosteroids, this has not yet

been shown to be of clinical relevance (7). Of interest is a

case report of laryngeal aspergillosis in a patient receiving

2 mg/day of fluticasone. This can be added to the differential

diagnosis of hoarseness among patients on inhaled corti-

costeroids (8).
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THE USE OF INHALED
GLUCOCORTICOSTEROIDS IN CHILDREN

WITH PERSISTENT ASTHMA
F Estelle R Simons

Since the 1999 Canadian Asthma Consensus Report ap-

peared, published studies have directly addressed several

important issues in persistent childhood asthma. These in-

clude the following: airway inflammation in asymptomatic

children; inhaled glucocorticosteroid dose-response
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and/or dose-interval studies; inhaled glucocorticosteroid

comparison and additivity studies with other classes of medica-

tion; and the effect of inhaled glucocorticosteroids on linear

growth.

Airway inflammation in the absence
of symptoms

In infants and children, it is ethically difficult to justify

bronchoscopy for research purposes; consequently, there is a

dearth of published information on the inflammatory cell and

mediator content of bronchoalveolar lavage (BAL) fluid in

the pediatric population. Using a nonbronchoscopic BAL

procedure in 161 children presenting for elective surgery,

Ennis et al (1) have confirmed that there is ongoing activa-

tion of airway eosinophils in childhood atopic asthma even

during relatively asymptomatic periods. They reported that

the eosinophil cationic protein concentrations in BAL fluid

from atopic children with asthma were significantly higher

than the eosinophil cationic protein concentrations in BAL

fluid from healthy control children. BAL histamine concen-

trations were elevated compared with those found in healthy

control subjects, and additionally, were higher in atopic chil-

dren with asthma than in atopic children without asthma.

Inhaled glucocorticosteroid dose-response
and/or dose-interval studies

The lack of studies of inhaled glucocorticosteroid dose re-

sponse and/or dose frequency in children with persistent

asthma has recently been addressed in large, prospective,

randomized, double-blind, placebo controlled clinical trials.

The dose-response ‘curve’ for fluticasone propionate admin-

istered twice daily through a Babyhaler spacer (GlaxoWell-

come Ltd, Ireland) to infants and toddlers with an average

age of 28 months was relatively flat. The percentage of pa-

tients with one or more exacerbations was significantly

lower in those treated with fluticasone 200 µg/day (20%) or

100 µg/day group (26%) than in those treated with placebo

(37%), accompanied by significant improvements in overall

asthma control in both active treatment groups (2).

In a study of budesonide administered with a Turbuhaler

(AstraZeneca Canada Inc, Canada) to children aged five to

15 years with mild asthma (PEF and FEV1 at least 90% of

personal best at time of entry), once-daily treatment ap-

peared to be as effective as twice-daily treatment (3). In

12-week budesonide suspension studies in young children

(six months to eight years of age), once-daily dosing was

found to be significantly more effective than placebo, although

perhaps not as effective as twice-daily dosing (4,5).

Comparison studies and addition
to other medications

In the landmark Children’s Asthma Management Project

(CAMP) study (a prospective, randomized, double-blind,

parallel-group, five-year comparative study of twice-daily

budesonide 200 �g, nedocromil 8 mg or placebo in 1041

children), budesonide was found to be superior to placebo

with regard to the following outcomes: significantly smaller

decline in the prebronchodilator FEV1 to FVC ratio, reduced

AHR to methacholine, fewer hospitalizations, fewer urgent

care visits for asthma, reduced need for ‘rescue’ beta2-agonists

and fewer courses of prednisone. Nedocromil was superior to

placebo only with regard to significantly reduced urgent care

visits for asthma and fewer courses of prednisone (6).

Although the beneficial effects of adding a long acting

beta2-adrenergic agonist such as salmeterol or formoterol, or

a leukotriene modifier such as montelukast or zafirlukast (or

even theophylline!) to an inhaled glucocorticosteroid have

been clearly documented in adults with persistent asthma, until

now there has been a paucity of such studies in children.

The addition of salmeterol 50 µg twice daily to fluticasone

propionate 100 µg twice daily combined in the same Diskus

as Advair 50 (Glaxo Wellcome Inc, Canada) was slightly,

although not significantly, more effective in controlling

asthma in children than the same medications administered

in separate Diskus inhalers (7). Regularly adding montelu-

kast 5 mg daily to budesonide 200 µg twice daily has also

been reported to be more effective than adding placebo to

budesonide in children with regard to improvement in pul-

monary function and reduction of asthma exacerbations (8).

Linear growth
The potential adverse effect of inhaled glucocorticoster-

oids on linear growth remains an important concern. In 52

weeks of open follow-up to the budesonide studies described

previously (4,5), the mean growth velocity of the infants and

children who had been treated with inhaled glucocorticoster-

oids before study entry did not differ in the steroid- and

placebo-treated groups (4,9). However, in one of these stud-

ies, in which only inhaled glucocorticosteroid-naive children

were enrolled, boys but not girls treated with steroids had a

small but significantly reduced growth velocity compared

with those treated with placebo (5,9).

In the CAMP study, the children treated with budesonide

had a significantly reduced height increase compared with

those treated with nedocromil or placebo. This 1.1 cm differ-

ence became apparent soon after starting budesonide treatment

and was not progressive during the five consecutive years of

regular budesonide treatment (6). In a 20-week prospective,

randomized pediatric study of high dose inhaled glucocorti-

costeroids, which was not placebo controlled, linear growth

was slower in those taking budesonide 800 µg total daily

dose than in those taking fluticasone propionate 400 µg daily.

There were no significant differences between the groups

with regard to serum cortisol levels, or hepatic or renal func-

tion (10). In a long term prospective study that was neither

randomized nor placebo controlled, in which children were

treated with budesonide for a mean of 9.2 years (range three

to 13 years), normal adult height was attained, although

growth rates were significantly reduced during the first years

of treatment (11). In a recent meta-analysis of the effect of

glucocorticosteroids on linear growth in children with mild

to moderate asthma, fluticasone propionate decreased growth

velocity by only 0.43 cm/year, in contrast to beclomethasone

dipropionate, which decreased it by 1.51 cm/year (12).
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Summary
We continue to recommend inhaled glucocorticosteroids

as the mainstay of treatment for persistent asthma in children,

except for those whose disease is so mild that they only re-

quire infrequent, as-needed beta2-agonist treatment. Gluco-

corticosteroid dosing should be individualized, and the

minimum effective dose should be used. A steroid-sparing

medication, such as salmeterol or montelukast, should be added

to the treatment regimen of children requiring 400 µg/day

budesonide, 200 µg/day fluticasone propionate or equiva-

lent doses of other inhaled glucocorticosteroids. Regular

monitoring of asthma outcomes, including intermittent meas-

urement of lung function using spirometry and measure-

ment of linear growth using a calibrated stadiometer, is

essential for the optimal care of the child with persistent

asthma.
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SHORT AND LONG ACTING BETA2-AGONISTS
Tony R Bai, Malcolm Sears

Some controversies that were current at the time of the

1999 guidelines led to further research related to the safety

and efficacy of short and long acting beta2-agonist broncho-

dilators.

Safety of short acting beta2-agonists
Regular terbutaline use has no adverse effects on the clini-

cal response to inhaled corticosteroids in mild to moderate

asthma, although sputum eosinophil counts increased with

terbutaline treatment alone, consistent with some previous

studies (1). Increased allergen-induced mast cell degranula-

tion is seen after 10-day regular monotherapy with salbutamol

(2), emphasizing again that regular short acting beta2-agonist

monotherapy cannot be recommended in atopic asthma. Fur-

thermore, PEF reduction during regular monotherapy with

salbutamol seems to be genetically influenced (3).

Differential effects of enantiomers (isomers)
of beta-agonists

Purified enantiomer-selective products of salbutamol are

now commercially available, and similar products of other

beta2-agonists are in development. Bronchodilator action re-

sides in the R enantiomer. Advantages to using products con-

taining only the R enantiomer have been proposed, but the

clinical relevance is unclear (4).

Effect of changing from CFC
to HFA propellants

Most of the current short and long acting beta2-agonist

bronchodilators are or will soon be available in HFA prepara-

tions. There is no evidence that the new propellant signifi-

cantly changes key aspects of the pharmacokinetics or

pharmacodynamics of beta-agonist action, although individ-

ual products show differing properties such as spray speed

and less dose-to-dose variability (5).

Impact of long acting beta-agonists on response
to short acting beta-agonists

When studied under laboratory conditions, regular treat-

ment with long acting beta-agonists can produce short acting

beta-agonist subsensitivity, an effect partially prevented by a

bolus dose of high dose inhaled or systemic corticosteroid

(6). Low doses of inhaled corticosteroids may not be as effec-

tive at preventing this effect. A subsensitivity effect is evi-

dent in the Formoterol And Corticosteroids Establishing

Therapy (FACET) study’s run-in period, but was not evident

in smaller studies (7). However, large scale clinical trials

indicate that there is continued adequate bronchodilator

response to short acting beta-agonists, despite regular,

twice-daily use of long acting beta-agonists, including dur-

ing episodes of acute asthma (8,9).

Comparison of salmeterol and formoterol
efficacy and safety

Neither salmeterol nor formoterol has been shown to have

major adverse effects in patients with asthma when used in

conjunction with inhaled corticosteroids. Airway respon-

siveness is not increased after six months of therapy with for-

moterol (8). New data have confirmed the ability of salmeterol

to reduce inhaled corticosteroid doses (10), consistent with

previous data for both salmeterol and formoterol. These two

compounds cannot be regarded as interchangeable: the greater
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maximal efficacy of formoterol translates into substantially

greater bronchoprotective effects than with salmeterol (11).

Formoterol is rapid acting and can be used as rescue therapy

(7). Tattersfield et al (12) have shown that, compared with

the short acting beta-agonist terbutaline, formoterol used for

‘as-needed’ rescue therapy delays the time to exacerbation,

with no evidence of adverse effects in terms of exaggerated

decline in potassium, electrocardiographic Q-TC changes or

hyperglycemia. Reductions in serum potassium with for-

moterol are of no greater duration than with terbutaline, pos-

sibly because the long acting depot site of inhaled formoterol

is only in the airways, not in other tissues (13). The greater cost

of using formoterol as rescue therapy instead of a short acting

beta2-agonist needs to be evaluated in relation to the potential

for benefit from decreased exacerbations. There are also some

other unexplained differences in the pharmacological profile

of the two long acting beta2-agonist compounds (14).

Comparison of long acting beta2-agonists with
leukotriene receptor antagonists and theophylline

as add-on therapies
In patients with moderate to severe asthma receiving in-

haled corticosteroids, long acting beta2-agonists have been

shown to be superior to zafirlukast (15) and theophylline (16)

as add-on therapy. Tolerance does develop to some bron-

choprotective actions of salmeterol and probably formoterol,

for example, against exercise challenge or methacholine

challenge, whereas this has not been shown with the leukotri-

ene receptor antagonists (17). Further comparisons of long

acting beta2-agonists and montelukast as second-line therapy

in patients not controlled on moderate doses of inhaled corti-

costeroids are recommended.

Do long acting beta2-agonists have
anti-inflammatory properties or potentiate the
anti-inflammatory effects of corticosteroids?
Laboratory data show both pro- and anti-inflammatory

effects of long acting beta2-agonists. Long acting beta2-agonists

have been shown to reduce inflammatory cell influx into the

airways, an effect that is probably secondary to an effect on

venular permeability (18,19), although an effect on sensory

nerves is also possible. Formoterol, but not salmeterol, has an

in vivo mast cell-stabilizing effect, as shown by comparing

adenosine monophosphate and histamine airway responsive-

ness, probably secondary to the greater beta2-receptor occu-

pancy on mast cells by the full agonist formoterol (20). The

latter property may translate into a greater effect of for-

moterol on allergen- and exercise-induced exacerbations, al-

though direct comparative studies are lacking. Conversely,

long acting beta2-agonists can block the apoptotic effect of

steroids on eosinophils, potentially prolonging eosinophil

action in the airways, which may be deleterious (21).

Overall, the clinical relevance of these studies requires fur-

ther evaluation. The National Heart, Lung, and Blood

(NHLBI) studies (10) suggest that long acting beta2-agonists

have little anti-inflammatory benefit when not used in com-

bination with inhaled corticosteroids; in addition, these stud-

ies show that patients with persistent asthma that is well

controlled with low dose inhaled corticosteroids cannot be

switched to monotherapy with salmeterol without an increased

risk of exacerbations that is not different from placebo.

Long acting beta2-agonists, more so than short acting

beta2-agonists, may be able to facilitate the binding of gluco-

corticoid to the glucocorticoid receptor and the subsequent

translocation to the cell nucleus so that the anti-inflammatory

action in the airway is potentiated (22). This finding provides

a potential mechanism for the inhaled corticosteroid dose re-

ductions shown in the FACET (7) and other studies. In this

sense, long acting beta2-agonists might be regarded as anti-

inflammatory or ‘steroid facilitatory’ agents.

Do long acting beta2-agonists ‘mask’
worsening asthma?

Patients may present for treatment with a greater degree of

sputum eosinophilia if they are on long acting beta2-agonists

when an exacerbation begins (23). The clinical relevance of

this finding is, however, uncertain, because beta-agonists

have been shown to reduce the dose of inhaled corticoster-

oids required to maintain control and to increase the time to

exacerbation (12). Furthermore, in patients on maintenance

doses of inhaled corticosteroids, treatment with formoterol,

compared with placebo, does not increase sputum eosino-

philia at presentation of exacerbations (24). The NHLBI

study also shows no tendency for increased sputum inflam-

mation on long acting beta2-agonist monotherapy. An analy-

sis of the nature of exacerbations in the FACET study has

shown no tendency for formoterol to alter the time course or

severity of exacerbations (25).

Combination therapies of long acting
beta2-agonists and inhaled corticosteroids

in asthma
Devices combining fluticasone and salmeterol are now

available, and combinations of formoterol and budesonide

will be available in Canada shortly. These products combine

complementary properties of two established asthma thera-

pies. The available evidence suggests that combination de-

vices can replace two separate inhalers and, thus, simplify

therapy (26). However, there is no evidence of a superior

effect from the combination device. Potential advantages of

combination therapy are improved compliance, as yet un-

proven, and savings in prescription fees. Disadvantages

include lack of flexibility when there is a need to increase

doses of inhaled steroids during exacerbations, and the poten-

tial for high doses of both compounds being delivered inappro-

priately when the device is not used as instructed.

Summary
Short acting beta2-agonists should be used only as needed

and not as monotherapy, except for very occasional, minor

symptoms. Long acting beta2-agonists, used in conjunction

with inhaled corticosteroids, provide improved symptom

control compared with inhaled corticosteroids alone, and re-

duce the occurrence of exacerbations; they have little, if any,
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anti-inflammatory activity, and should not be used as mono-

therapy. Formoterol and salmeterol have differing pharma-

cological properties, which may suggest differing clinical

uses (eg, formoterol may be useful for as-needed treatment

given its fast onset of action). Combination long acting

beta2-agonist and inhaled corticosteroid inhalers may sim-

plify therapy and enhance compliance.
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LEUKOTRIENE RECEPTOR ANTAGONISTS
Francine M Ducharme, Paul O’Byrne

Recent trials have evaluated the role of antileukotriene

agents as add-on therapy to inhaled corticosteroids or as single

agents in the management of asthma. Other studies have

examined their ability to modulate eosinophilic airway inflam-

mation in asthma.

Antileukotriene agents as single agents
Ten randomized, controlled trials have compared anti-

leukotriene agents (leukotriene receptor antagonists) to inhaled

corticosteroids in adults with asthma (eight trials) or chil-

dren (two trials), and their results are summarized in a re-

cent Cochrane review (1). As of April 2000, two of these

trials had been published in full text (2,3) and eight studies

were unpublished, with partial results presented as abstracts

and/or posters. An 11th trial, published after the systematic

review, supported its conclusion (4). Current evidence indi-

cates that in patients with mild to moderate asthma who are

symptomatic at baseline, inhaled corticosteroids are more ef-

fective than a six- to 12-week course of antileukotriene agents

in improving lung function and quality of life, and in reduc-

ing symptoms, night awakenings and the use of rescue

beta2-agonists. Daily oral leukotriene receptor antagonists

appear comparable but not equivalent to daily inhaled corti-

costeroids in doses equivalent to 250 to 400 �g/day of beclo-

methasone for preventing asthma exacerbations over a

12-week period. The higher rate of withdrawals in patients

treated with antileukotrienes than in those receiving inhaled

steroids is a potential source of concern. Due to the small

number of trials contributing data to this systematic review,

the following conclusions should be interpreted with caution

and are subject to change with accumulating data.

There is no role for antileukotriene agents as a single

anti-inflammatory agent in the treatment of moderate to

severe asthma. Their use should be reserved for adults and

children with very mild asthma who would be controlled on a

low dose of inhaled steroids (less than 250 to 400 �g/day of

beclomethasone equivalent), but are unable to adequately

take their inhaled steroids due to coordination or compliance

issues.
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Antileukotriene agents as add-on therapy
to inhaled steroids

The possible benefit of adding leukotriene receptor an-

tagonists to inhaled corticosteroids has also been evaluated

in seven randomized, controlled trials, and is the topic of a

new Cochrane systematic review (in preparation). As of

August 2000, four trials were published in full text (5-8) and

four trials were unpublished, with partial results presented as

abstracts and/or posters (9-12). Preliminary findings suggest

that for adults with chronic asthma who are well controlled

on high doses of inhaled glucocorticoids, the addition of anti-

leukotrienes to inhaled steroids may allow the dose-tapering

of inhaled corticosteroids by 200 �g over the next 12 weeks of

treatment. There is insufficient evidence to confirm whether

this corticosteroid-sparing effect of antileukotriene is truly

associated with equivalent asthma control and an equivalent

safety profile. The findings (5-12) also suggest that for adults

with chronic asthma who are symptomatic with FEV1 greater

than 50% of predicted while on high doses (more than

1200 �g) of beclomethasone, the addition of antileukotriene

agents reduces by 50% the rate of exacerbations requiring

systemic steroids within six weeks of treatment. There is in-

sufficient evidence to confirm the value of antileukotrienes

as add-on therapy to inhaled steroids on lung function, symp-

toms, hospital admission, indices of inflammation and ad-

verse effects. No pediatric trials are available.

Thus, antileukotriene agents may be considered as add-on

therapy in adults who are not well controlled on or experienced

significant side effects with high doses of inhaled steroids.

Antileukotriene agents versus long acting
beta2-agonists as add-on therapy

to inhaled steroids
A few randomized, controlled trials comparing inhaled, long

acting beta2-agonists to antileukotriene agents as add-on

therapy to inhaled corticosteroids have been published in ab-

stract form only. The evidence is currently insufficient to

make firm recommendations regarding the choice of add-on

therapy.

Effect of antileukotrienes on
inflammatory markers

The cysteinyl leukotriene LTE4 has been shown to cause

eosinophilic airway inflammation (13); recently published

studies have shown that leukotriene receptor antagonists or

synthesis inhibitors can attenuate the blood (6,14) and airway

eosinophilia (15) associated with poorly controlled asthma,

and reduce airway inflammation associated with allergen-

induced airway responses (16). These results confirm that the

cysteinyl leukotrienes and bronchoconstrictor mediators

are inflammatory, and support the concept that leukotriene

receptor antagonists can be considered as an anti-inflammatory

therapy for asthma.

These data reinforce the classification of the leukotriene

receptor antagonists in the management of asthma in the

1999 Asthma Consensus Guidelines as drugs that may be use-

ful as additional therapy to inhaled corticosteroids; they may

also be considered as first-line therapy in patients with mild

asthma who cannot or will not use the most effective therapy,

which is the use of inhaled corticosteroids.
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ADDITIONAL THERAPIES
Rick Hodder

For the purposes of this update, the discussion of addi-

tional or adjuvant therapies for asthma management will

be restricted to nonsteroidal, inhaled anti-inflammatory agents

(disodium cromoglycate [DSCG], nedocromil sodium and
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ketotifen); anticholinergic drugs; theophylline and its deriva-

tives; and new and emerging therapies.

Nonsteroidal agents: DSCG, nedocromil sodium
and ketotifen

Since the publication of the Canadian Asthma Consensus

Report in November 1999, there have been few new develop-

ments in the use of nonsteroidal anti-inflammatory agents.

Clinical trials continue to confirm the efficacy of DSCG in

the symptomatic and prophylactic management of mild

asthma (1-3), although inhaled corticosteroids are more ef-

fective for chronic, persistent asthma and even for episodic

viral wheeze in young children (4). New evidence suggesting

a possible oral corticosteroid-sparing effect of DSCG in

adults with corticosteroid-dependent asthma has emerged. In

a 12-week open, randomized trial, DSCG 16 mg/day deliv-

ered by pressurized MDI (pMDI) or 80 mg/day by nebulizer

was associated with a small reduction in the need for oral corti-

costeroids in patients taking high doses of inhaled corti-

costeroids plus more than 5 mg/day oral corticosteroids (5).

However, the study did not have a placebo group, and the

clinical significance of the results is not clear. There have

been no published trials investigating the effect of adding

DSCG as an alternative to increasing the dose of inhaled corti-

costeroids in poorly controlled asthma; thus, its role in this re-

gard remains unproven.

Dosing of DSCG may be a factor in assessing clinical tri-

als of efficacy, with the 20 mg/mL nebulizer formulation pro-

viding delivered doses higher than 2 mg given by a pMDI,

although clinical differences have not been systematically

studied (6). HFA formulations of DSCG in the pMDI format

have shown clinical equivalence to CFC formulations in

doses of 2 mg qid (7).

DSCG has also recently been shown to be protective

against acetylsalicylic acid (ASA)-induced bronchoconstric-

tion in challenge trials in ASA-sensitive patients with asthma,

possibly through inhibition of the release of cysteinyl leuko-

trienes (8). However, there is no evidence that DSCG can be

used to prevent life-threatening events in ASA-sensitive

patients exposed to nonsteroidal anti-inflammatory drugs.

Both DSCG and nedocromil sodium are effective in the

prevention of exertion-induced bronchoconstriction in pa-

tients with asthma, and a recent meta-analysis showed no

clinically important difference between these two agents in

this regard (9). The protective effect of nedocromil taken just

before exercise does not appear to be enhanced when the

drug is taken on a regular schedule as well (10).

As with theophylline, long acting beta2-agonists and leu-

kotriene receptor antagonists, the addition of nedocromil can

supplement the beneficial effects of regular inhaled corti-

costeroids for some patients with asthma (11); however, a

reduction in bronchial hyper-responsiveness with nedocro-

mil is not seen consistently.

Compared with placebo, the addition of ketotifen can

improve symptoms and reduce the need for concomitant

therapy with theophylline, and oral and inhaled corticoster-

oids, over a six-month period in some children with asthma

(12). However, at least 14 weeks of therapy were required

before a clear benefit was seen, and there was no differ-

ence compared with placebo in measured lung function. In

a 12-week, parallel-group trial comparing ketotifen (2 mg/day),

inhaled beclomethasone (400 �g/day) and DSCG (8 mg/day)

in adults with asthma, all three therapies resulted in signifi-

cant reductions in symptoms, bronchial hyper-responsiveness

to methacholine challenge and markers of airway inflamma-

tion as assessed by bronchial biopsy (3); however, the im-

provements in symptoms and lung function were signifi-

cantly better in the DSCG and beclomethasone groups than

in the ketotifen group.

Based on this update, the current recommendations for

these agents are unchanged.

Anticholinergic drugs
Anticholinergic bronchodilators are not recommended as

first-line agents for the relief of bronchospasm in asthma, pri-

marily because their onset of action is inferior to that of

beta2-agonist bronchodilators. However, there is increasing

evidence supporting the addition of ipratropium bromide to

beta2-agonists for the emergency department treatment of

acute asthma in both adults (13-16) and children (17,18).

Ipratropium appears to be an effective add-on whether it is

delivered by nebulizer (13) or combined with salbutamol in a

single pMDI (14), and the combination appears to be benefi-

cial for up to 36 h following admission to hospital for acute

asthma (19). A recent systematic review summarized the

accumulated evidence supporting the addition of ipratro-

pium bromide to beta2-agonist bronchodilators in the treat-

ment of acute pediatric asthma (20).

The long acting, once a day, anticholinergic bronchodila-

tor tiotropium bromide appears to be an effective agent in

asthma (21). It would not be used as a first-line treatment for

asthma, and its role as an add-on agent for difficult asthma

remains to be determined. Currently, this drug is awaiting

approval for release in Canada.

Based on this update, the current recommendation for anti-

cholinergics is unchanged.

Theophylline and its derivatives
For the past 50 years, the role of theophylline in asthma

management has been as a bronchodilator; however, when it is

given in maximum bronchodilating doses, troublesome side

effects limit its use. For this reason, and because beta2-agonists

are better bronchodilators, theophylline is not considered a

first-line therapy for asthma. However, over the past few

years, there has been renewed interest in the use of theo-

phylline in lower doses because of its anti-inflammatory

and corticosteroid-sparing properties (22-24).

Therapy with theophylline appears to reduce the number

of eosinophils and the amount of eosinophil-related markers

of airway inflammation in patients with asthma (25-27), al-

though the clinical relevance of these observations is uncer-

tain because no comparisons of theophyllines and inhaled

corticosteroids have been published in this regard. How-

ever, theophylline has been shown to reduce bronchial hyper-
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responsiveness to methacholine after two months of therapy

in patients with mild, allergic asthma who are not taking

inhaled corticosteroids (28), and, similar to the leukotriene

receptor antagonists and inhaled, long acting beta2-agonists,

theophylline can act as a corticosteroid-sparing agent when

added to moderate-dose inhaled corticosteroids. Theophylline

has recently been shown to reduce nasal symptoms and indices

of allergic inflammation in response to nasal allergen chal-

lenge in subjects with allergic rhinitis (29). Because there

appears to be a relationship between allergic rhinitis and

asthma control (30), this observation suggests a possible

role for theophylline in controlling asthma in this subset of

patients.

Long acting theophyllines have been used to treat patients

with asthma who have nocturnal symptoms, but they appear

to be inferior to long acting beta2-agonist bronchodilators in

this regard (31,32), and in maintenance asthma therapy as

well (33,34). One trial has shown that the addition of theo-

phylline has no effect on the development of tolerance to the

bronchoprotective effects of salmeterol observed in patients

with asthma (35).

There have been few trials comparing theophyllines with

antileukotrienes, but in one recent study (36) involving 377

patients with asthma, the addition of either theophylline or

zileuton (an antileukotriene not available in Canada) resulted

in similar, mild improvements in FEV1 and asthma symp-

toms. There has been one report documenting theophylline

toxicity associated with the concomitant use of zafirlukast

(37), although generally this is not thought to occur.

Theophylline is a nonspecific phosphodiesterase inhibi-

tor, but there are several isoenzymes of phosphodiesterase.

The phosphodiesterase III isoenzyme appears to modulate

airway smooth muscle function, and phosphodiesterase IV

is important in inflammatory cells. Several phosphodies-

terase IV inhibitors have been developed and are currently in

phase 3 clinical trials (38).

New and emerging therapies
The combination of a beta2-agonist and a dopamine (D2)

receptor agonist is being developed as an inhaled agent to

treat the symptoms of asthma. D2 agonists appear to reduce sen-

sory nerve traffic from the airways and to alleviate some of the

symptoms associated with bronchial hyper-responsiveness;

these agents are currently in phase 2 trials. As noted, phase 2

and 3 clinical trials are currently underway for phosphodies-

terase III and phosphodiesterase IV inhibitors. Phase 3 trials

are also underway with anti-immunoglobulin E mono-

clonal antibodies (39) and with antagonists to several other

mediators of airway inflammation (40).
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DELIVERY DEVICES
Kenneth Chapman, Sheldon Spier

Self-administered inhaled medications are the mainstay

of asthma management. Incremental changes in inhalation

technology have provided useful treatment alternatives, while

clinical and laboratory studies have suggested methods to

optimize the lung deposition of inhaled drugs.

HFA formulations
Concern that CFCs have damaged the earth’s strato-

spheric ozone layer has led to a worldwide ban on the use of

CFCs. The protocol for withdrawing CFCs was announced in

1987 (the Montreal protocol), although an exemption was

made for medical uses of CFCs to allow for the development

and testing of alternatives (1). Until recently, all pressurized

aerosol inhalers available in Canada used CFCs as their pro-

pellant.

Today, there are two classes of antiasthma medication

available in pressurized aerosol form with the alternative

propellant HFA. Salbutamol is available in an HFA formula-

tion (Airomir, 3M Pharmaceuticals, Canada) delivering the

same dose of salbutamol as traditional CFC formulations (2).

The change in propellant formulation has not markedly al-

tered the performance of the inhaler. Redesign of the device

has reduced the tendency for ‘loss of prime’ (ie, decrease in

dosage delivery after the inhaler has sat unused for several

hours) and for ‘tail-off’ (ie, dosage variability as the canister

contents are nearly depleted). For patients who use their

quick relief salbutamol inhaler outdoors in the winter, HFA

devices will work reliably at temperatures as low as –20ºC.

For patients accustomed to CFC-containing devices, the aero-

sol of the HFA device will not feel as cold or as forceful. Pa-

tients may need to be reassured that the medication is pharma-

cologically equivalent to their previous CFC-containing device.

A pressurized aerosol, inhaled corticosteroid is also

available. HFA propellant beclomethasone is available in

two formulations (Qvar 50 �g/puff and 100 �g/puff,

3M Pharmaceuticals, Canada). Although the HFA beclo-

methasone inhaler resembles its predecessor and delivers the

same active compound, the new HFA inhaler exhibits mark-

edly different drug delivery characteristics from the traditional

CFC beclomethasone. Not only has the inhaler technology

been redesigned for improved dose delivery reliability, but

beclomethasone is soluble in HFA propellant. Thus, the new

HFA inhaler does not contain a suspension of medication

crystals in propellant but contains a clear solution of medica-

tion dissolved in the delivery vehicle. As a consequence, the

spray from the HFA-containing beclomethasone inhaler con-

sists of relatively small aerosol droplets, which are less likely

to deposit in the oropharynx and more easily delivered to the

peripheral or small airways of the lung. A number of studies

indicate far better peripheral deposition of the HFA beclo-

methasone than of the CFC beclomethasone or other tradi-

tional inhaled corticosteroid devices (3). The dose equiva-

lence between the new beclomethasone inhaler and previous

beclomethasone is approximately 2:1 (4). That is, 100 �g of

HFA beclomethasone is roughly equivalent to 200 �g of CFC

beclomethasone. HFA beclomethasone appears to be roughly

equivalent on a microgram per microgram basis to CFC

fluticasone. There may be clinical advantages when corti-

costeroid is delivered to the smaller airways. Studies show

that the small airways are part of the active inflammatory

airway process in persistent asthma (5,6). Nonetheless, no

studies have shown a specific clinical benefit for delivery of

drug to the smaller airways. It can be said that HFA beclo-

methasone provides clinical benefit equivalent to CFC beclo-

methasone at half the nominal dosage. Systemic side effects

appear to be proportionate to clinical effects, and the large

airway deposition now makes systemic effects from gastro-

intestinal absorption clinically unimportant. That is, there ap-

pears to be no increased risk of side effects resulting from

greater peripheral deposition. Patients will not notice the depo-

sition differences directly, but they may notice other differ-

ences with the HFA beclomethasone inhaler. Once again, the

spray front is perceptibly softer and the aerosol is not as

cold as with traditional CFC inhalers. The slower speed of

the spray front containing finer particles may reduce patient

coordination problems that are so common with current

pMDIs. Studies suggest that a spacer is unnecessary with the

HFA inhaler. Although there is no improvement in deposition

with a spacer, and mild discoordination between activation

and inhalation does not appear to affect deposition, marked
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discoordination may occur in some patients, and this can

only be corrected with the use of a spacer or a powder device.

This may be true particularly in young children and the eld-

erly.

Although patients do not need to shake the HFA canister

before its use, this instruction might be confusing for pa-

tients who also have a CFC inhaler that requires medica-

tion to be resuspended before inhalation. Finally, some

patients report a bad taste of the HFA salbutamol aerosol

formulation, although this may not apply to the other formu-

lations (eg, HFA-beclomethasone dipropionate).

Withdrawal of CFC-containing inhalers
In 1997, Environment Canada and Health Canada con-

sulted with the pharmaceutical industry, health care profes-

sional organizations and lay organizations to develop a

strategy for the withdrawal of CFC-containing inhalers. It

was agreed that CFC-containing inhalers would be with-

drawn on a molecule by molecule basis. Thus, two years after

the introduction of a compound in a non-CFC-pressurized

formulation, all CFC-containing formulations of that same

compound would be withdrawn from the marketplace. Such

a withdrawal would be conditional, taking place only if sev-

eral criteria were met, including the availability of sufficient

manufacturing capacity to meet the demand for non-CFC

products once the CFC predecessors were withdrawn. Physi-

cians have not prescribed non-CFC medications preferen-

tially, such medications have not been accorded preferential

formulary status provincially and, to date, no CFC-containing

inhaler has been withdrawn from the national formulary

based on this agreement. Nonetheless, there is a proposed

timetable for future compulsory withdrawals. It has been

suggested that CFC-containing salbutamol formulations will

be withdrawn by July 2001, and that all CFC-containing in-

halers will be withdrawn by 2005. An Environment Canada

Web site offers further information (www.ec.gc.ca/ozone/mdi).

Spacer devices and holding chambers
The combination of a spacer and a pMDI is often recom-

mended as a less expensive, more efficient alternative to the

nebulizer for the treatment of infants, patients with severe

airflow limitation and the acutely ill. A spacer can, under

some conditions, improve lung deposition of drugs and de-

crease oropharyngeal deposition, thereby improving the effi-

cacy of an inhaled medication while decreasing some of its

adverse effects. However, there is no regulatory process that

monitors the stated claims of commercially available spac-

ers. While many inhalers are likely capable of achieving the

stated objectives of a spacing device, there is evidence that

not all of them work well with all spacers (7,8). Some avail-

able spacers may actually decrease the lung deposition of

some medications. The Canadian Standards Association is

working with stakeholders to develop standards for in vitro

and in vivo testing of spacers that would clarify their clinical

value for prescribers and patients. Until these testing stan-

dards are approved and implemented, health care profes-

sionals will depend on data provided by manufacturers and

occasional peer review publications to determine if a particu-

lar spacer can be beneficial when coupled with a particular

inhaled medication. Health care professionals should be alert

to the potential for a spacing device or holding chamber to

fail to provide the intended benefit. As for any intervention,

clinical outcomes must be followed closely when adjunctive

devices are added to inhalers.

The optimal method for using spacing chambers and hold-

ing devices has been described in earlier guidelines. The

optimal delivery of inhaled medications to infants can be a

challenge, and recent data suggest that infant behaviour dur-

ing inhalation can have a significant impact on drug deposi-

tion in the lung and on the resulting clinical effect. It is

somewhat obvious that crying reduces the deposition of drug

in the lungs of an upset infant; it is less obvious, however,

that when the infant sleeps and breathes through the nose,

drug deposition in the lung can be reduced by the filtering ef-

fect of the nasal passages (9). Ideally, inhaled medication is

administered while infants are awake but quiet.
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MANAGEMENT OF ACUTE ASTHMA IN ADULTS
AND CHILDREN: EMERGENCY AND INPATIENT

Robert Beveridge, Brian Rowe
None of the recommendations made in the 1996 or 1999

guidelines for the treatment of acute asthma have been altered

as a result of new evidence from randomized, controlled trials,

or other types of studies or reports. The fundamental approach

to diagnosis, severity assessment, drug delivery methods,

choice of medications and discharge criteria are unchanged.

There are several studies and systematic reviews that

increase support for the use of inhaled beta-agonists (1), in-

haled anticholinergics (2-4) and oral corticosteroids (5,6) in the

emergency department setting. Although the findings are

generally positive, there are inconsistent findings for the role
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of inhaled corticosteroids in the acute setting (7-12) and after

discharge (13,14). This implies that disease severity, age of

the patient or other factors affect the generalizability of those

studies, suggesting equivalence of inhaled corticosteroids to

systemic corticosteroids or additional benefit when added to

oral corticosteroids. There is insufficient evidence to make

definitive recommendations for the use of inhaled corticoster-

oids in acute asthma, but it is clear that they are effective in

some situations. There is further support for the use of mag-

nesium sulfate in severe asthma that is unresponsive to opti-

mal management with inhaled beta-agonists and systemic

corticosteroids (15). There continues to be little or no evi-

dence to support a role for theophylline or helium-oxygen

mixtures in acute asthma (16,17).

The assessment of asthma severity should be determined

objectively using spirometry, PEF rates or both for patients

older than five years of age. Structured approaches using

templates or care plans in asthma management reduce the

variation in the use of oral corticosteroids, hand-held inhala-

tion devices, objective measurements, admission rates, and

lengths of stay in the emergency department and as admitted

inpatients (18-20).

Emergency department management
The use of short acting beta2-agonists is the first-line ther-

apy for the management of exacerbations. Attempts to iden-

tify optimal doses or treatment intervals to achieve maximal

bronchodilation or symptom relief have not been successful

(21,22). Continuous treatment does not appear to have any

advantage over intermittent treatment, and higher doses ap-

pear to be equivalent to lower doses with regard to affecting

bronchodilation or clinical outcome (21,22). There are a sub-

stantial number of patients who achieve a maximal level of

bronchodilation, and additional beta2-agonist therapy only

seems to cause more side effects (21). Consistent with the

1999 guidelines, it is still recommended that beta-agonists be

titrated to plateau using objective assessment of airway ob-

struction with FEV1 and/or PEF.

There is increased support, particularly from studies in

children, that anticholinergic agents should be added to

beta2-agonist therapy for moderate to severe acute asthma

(2-4). The systematic reviews in children (2) and adults (3)

both suggest clinically important improvements associated

with the combined use of these agents. In addition, large

randomized, controlled trials (23) have since been completed

that confirm the systematic review evidence (4).

The early use of systemic corticosteroids in acute asthma

continues to be considered an important treatment choice.

The debate between the use of intravenous and oral corti-

costeroids persists but seems to be more focused on identify-

ing which patients actually require the intravenous route.

There have been comments received on the clarity of this issue

since the last guidelines update. There is no evidence in con-

trolled trials or meta-analyses that suggests any advantage

for low or high doses of intravenous corticosteroids over oral

corticosteroids in moderate to severe asthma (24-26). Apply-

ing this to practice requires a clear understanding of the fact

that not all levels of severity have necessarily been assessed

in such a way as to confirm equivalency in all situations. For

this reason, the previous two guidelines recommended intra-

venous corticosteroids for those who were too breathless, in-

tubated or unable to tolerate oral medications (vomiting,

dehydration). There is no evidence that this recommendation

should be changed, but it should be emphasized that if pa-

tients have severe asthma, are unresponsive to treatment or

there is any suspicion that oral medications will not be ab-

sorbed, the intravenous route for corticosteroids is advised.

The use of magnesium sulfate in unresponsive acute

asthma has gained further support since the 1999 guidelines.

There have been a number of systematic reviews (15,27) that

have concluded that intravenous magnesium is not only safe

but also effective in those patients with severe disease. It is

important to appreciate that there is no support for the routine

use of this agent in the emergency management of acute

asthma. The emphasis is still on the appropriate use of in-

haled beta-agonists, inhaled anticholinergics and systemic

corticosteroids, all guided by objective measures of oxygena-

tion, airway obstruction and clinical status. Patients with

clinically severe asthma, or in whom pulmonary function is

less than 30% predicted in adults and less than 50% in chil-

dren, and who exhibit a poor response to appropriately titrated

bronchodilator therapy (incremental administration by MDI

every 30 to 60 s up to 20 to 40 puffs, three doses every 20 min

or continuous nebulization) may benefit from intravenous

magnesium sulfate. This agent has been shown to be easy to

use, extremely safe and inexpensive.

There is new evidence regarding the use of inhaled corti-

costeroids in the acute setting for patients with acute asthma

(7-12,14). A recently published systematic review (8) sug-

gests that inhaled corticosteroids, when used in conjunction

with systemic corticosteroids, may reduce admissions to hos-

pital and improve pulmonary function. However, a recent

study (7) illustrates that there may be some problems in com-

paring oral with inhaled corticosteroids for acute asthma. In the

study, patients were randomly assigned to receive, in a double-

blind fashion, inhaled corticosteroids or oral corticosteroids in

addition to beta2-agonist therapy. The oral corticosteroid group

performed better and was admitted to hospital less frequently.

Combined with the meta-analysis, these results suggest that

inhaled corticosteroids may be useful as an adjunct to systemic

corticosteroids but not as a replacement choice (6).

Other agents, such as aminophylline and helium-oxygen,

have been shown to be of limited value (16,17). In addition,

evidence for or against the use of new agents, such as leuko-

triene modifiers and levalbuterol, is unclear at this point.

Current research should help to clarify the place of these

agents before the next revision of the guidelines.

Treatment after discharge
Several studies in children and adults have been per-

formed, identifying several factors associated with relapse

after discharge (28,29). However, most of the studies sim-

ply confirm the recommendations provided in the previous
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Thoracic Society guidelines. There is level I evidence for us-

ing the combination of inhaled and oral corticosteroids for

the treatment of patients with asthma after discharge from the

emergency department (6). There is one published random-

ized, controlled trial (30), and one trial result in press since

the last guidelines, which do not confirm an additional bene-

fit to adding inhaled corticosteroids; however, a systematic

review favours the combination (13). Patients who present

to the emergency department often exhibit many of the fea-

tures associated with poorly controlled chronic asthma, mak-

ing them candidates for inhaled corticosteroid therapy if

they are not already taking them. Patients already receiving

inhaled corticosteroids should continue to take them and

have oral prednisone added, and efforts should be directed

at compliance-enhancing interventions from the emergency

department staff with follow-up to education programs if

available. Patients not on inhaled corticosteroids should be con-

sidered for long term inhaled corticosteroid therapy in conjunc-

tion with oral prednisone after discharge. The dose and duration

of inhaled and oral corticosteroids should be based on recent

history of symptom control, health care use and quality of life

indicators. For those patients with more severe illness, this

would clearly be the optimal treatment strategy.

There are several recent publications comparing oral

prednisone with very high doses of inhaled corticosteroids

in acute mild asthma after discharge (13). While the system-

atic review failed to show significant differences in outcome,

these results need to be interpreted cautiously. Although the

evidence implies equivalence, inhaled corticosteroids are ex-

pensive and more difficult for patients and families to use than

the traditional short course of prednisone. Consequently, the

use of inhaled corticosteroids alone should be reserved for

those patients with very mild asthma, and for those who refuse

or cannot take oral corticosteroids. Future research should

focus on this important comparison (31).

Inpatient treatment
Given all the attempts that have been made to establish an

integrated approach to the ‘continuum’ of care, it is difficult

to view inpatient management separately from management

in the emergency department, acute observation units and

outpatient programs. The same principles of aggressive titra-

tion of beta-agonists, systemic corticosteroids, inhaled corti-

costeroids, objective measurement of airflow obstruction,

and emphasis on education and follow-up should be main-

tained. The fact that many patients with asthma only achieve a

certain level of bronchodilation, regardless of the dose of in-

haled beta-agonist, suggests that further work is required to en-

sure that medications are individually titrated for effectiveness.

It is also necessary to improve our understanding of any

unique treatment requirements for patients with asthma who

have less reversibility in acute situations. This includes estab-

lishing optimal dose and time intervals for bronchodilators,

duration of observation in emergency departments or other

care settings, and admission and discharge criteria.

Several controlled trials have shown that compliance with

current guidelines using structured care plans has improved,

and that hospitalization rates and lengths of stay can be re-

duced using observation units (18,19,32-35). It seems logical

that application of the same evidence-based processes of care

associated with the improved results in the emergency de-

partments and observation units should be relevant in the in-

patient setting. The reduced hospitalization rates and shorter

durations of stay reported in observation units imply that in-

patient admissions do not have the same prescribing methods,

access to objective measures, frequency of reassessment, or

problems with skill sets or adequacy of staffing.

Summary
There is compelling evidence that acute asthma remains a

common, difficult problem to treat in emergency depart-

ments and after discharge. A collaborative and integrated

approach to the continuum of asthma management is neces-

sary to ensure patient safety and the best possible quality of

life for people with this condition. This includes the appro-

priate use of objective assessment, standardization of acute

treatment, adherence to sound discharge criteria, prescrip-

tion of medications that relieve symptoms and control in-

flammation, access to asthma education, action plan review

and close follow-up by primary care providers.
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IMPLEMENTATION OF GUIDELINES
J Mark FitzGerald, Dennis Bowie

The role of guidelines in determining parameters for the

management of medical conditions is well established. As

the guideline process has evolved, the importance of an

evidence-based format, and the role of guidelines in high-

lighting management decisions where there is only consensus,

has been established (1). A much more important and chal-

lenging task is that of guideline implementation; this topic was

recently reviewed comprehensively (2). A recent review in the

United States to assess physician understanding and practice

with regard to asthma guidelines found significant deficits (3).

Although respiratory specialists scored better than generalists

overall, all groups lacked an ability to assess disease severity.

In conjunction with the recent update of the Canadian

Asthma Guidelines, there has been an increased effort to dis-

seminate the guidelines and to make them locally accessible

via the Internet (www.asthmaguidelines.com). In addition, a

number of mailings highlighting the key components have been

sent to physicians. A patient-oriented version of the guidelines

has been developed and should be available soon.

Successful implementation of guidelines is a multifaceted

process that is best achieved via local implementation by key

opinion leaders (4). Interventions targeted to the time that

physicians interact with patients (5) and educational inter-

ventions requiring active professional participation are more

likely to be successful (6).
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