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Therapeutic strategies to reduce asthma exacerbations
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HRV: Human rhinovirus

ICS: Inhaled corticosteroid

LABA: Long-acting inhaled b2-agonist
Asthma exacerbations can occur in patients with all degrees of
asthma severity. They generally develop over 5 to 7 days and are
most often initiated by an upper respiratory tract infection
(usually with human rhinovirus) or by environmental allergen
exposure in atopic subjects. Inhaled corticosteroids (ICSs) taken
on a regular basis are very effective in reducing the risk of
asthma exacerbations, and the combination of ICSs and long-
acting inhaled b2-agonists further reduces this risk. In addition,
use of the combination of the ICS budesonide and the long-acting
inhaled b2-agonist formoterol, both as maintenance asthma
treatment and also as rescue treatment (instead of a short-acting
inhaled b2-agonist), has a significant further beneficial effect on
asthma exacerbation risk. Other therapies that have been
demonstrated to reduce severe asthma exacerbations are
leukotriene receptor antagonists, which have been demonstrated
to be effective most consistently in this regard in children, and
anti-IgE mAbs, which are effective in subjects with difficult-
to-treat allergic asthma. Approximately 50% of severe asthma
exacerbations are eosinophilic in nature, whereas many of the
remaining are neutrophilic. Several studies have demonstrated
that making asthma treatment decisions based on minimizing
airway eosinophil numbers (measured in induced sputum) can
reduce the risks of severe exacerbations. In addition, treatment
of patients with severe asthma with an anti–IL-5 mAb also
reduces the number of severe asthma exacerbations,
demonstrating a central role of eosinophils in many
exacerbations. (J Allergy Clin Immunol 2011;nnn:nnn-nnn.)
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Asthma exacerbations are common events in the lives of
asthmatic patients. They pose the greatest risk for such patients,
and they incur the greatest asthma-related treatment costs for
the health care system and for society in general.1 Asthma
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exacerbations range in severity from mild transient events lasting
1 to 2 days (previously called mild exacerbations) to severe life-
threatening events. Mild exacerbations are now accepted to be
part of poor current asthma control and have different therapeutic
approaches to severe events.2 A recently published American
Thoracic Society/European Respiratory Society statement3

defines severe asthma exacerbations as events that require urgent
action on the part of the patient and physician to prevent a serious
outcome, such as hospitalization or death from asthma, and mod-
erate exacerbations as events that should result in a temporary
change in treatment in an effort to prevent the exacerbation
from coming severe. Mild exacerbations were not differentiated
because these episodes are only just outside the normal range of
variation for the individual patient and difficult to distinguish
from transient loss of asthma control.3

Severe asthma exacerbations can occur in patients with all
degrees of asthma severity. Although their frequency can be
increased in patients with difficult-to-control asthma, even
patients considered to have mild, easy-to-treat asthma can
experience severe asthma exacerbations,4 which are sometimes
fatal.5 In a large clinical trial that enrolled patients with mild
asthma whowere followed for 1 year, the rate of severe exacerba-
tions was almost 1 per patient per year.4

A common misperception of severe asthma exacerbations is
that they are frequently sudden catastrophic events. In fact, almost
all severe exacerbations develop over 5 to 7 days, with a gradual
increase in asthma symptoms and deterioration in lung function
before the exacerbation is recognized as an event requiring urgent
intervention (Fig 1).6,7 Once treatment for the severe exacerbation
is initiated, most will resolve over 7 to 10 days (Fig 1).7

Severe asthma exacerbations are very often preceded by an
upper respiratory tract infection (usually with human rhinovirus
[HRV])8,9 or by environmental allergen exposure in atopic pa-
tients.10 However, despite the fact that all children, including
asthmatic patients, are infected with 1 or more strains of HRV
each year, not all infections are associated with severe exacerba-
tions. This has led to the speculation that HRV (or other respira-
tory tract viruses) acts as a cofactor in initiating acute severe
events but that other conditions need to exist for this to happen
and that respiratory tract viruses and environmental allergens in-
teract to precipitate asthma exacerbations to an extent that neither
alone can achieve. This is supported by epidemiologic evidence,
which has indicated that the risks of being hospitalized with
1

mailto:obyrnep@mcmaster.ca
mailto:obyrnep@mcmaster.ca
http://dx.doi.org/10.1016/j.jaci.2011.03.035


FIG 1. Time of onset of the severe asthma exacerbations identified in the

Formoterol and Corticosteroids Establishing Therapystudy.7 Asthma

symptom scores increased over 5 to 7 days before the exacerbations

were recognized by the managing health care professional and treatment

with oral corticosteroids was started (dashed line). The exacerbation

resolved over 5 to 7 days on treatment. Redrawn from data in Tattersfield

et al.6 BUD, Budesonide; F, formoterol.

FIG 2. Number of severe asthma exacerbations (per patient per year) in the

Formoterol and Corticosteroids Establishing Therapy study.7 A 4-fold in-

crease in the ICS budesonide alone reduced severe asthma exacerbations

by 50%. The addition of the LABA formoterol further reduced severe

exacerbations when added to either the low or higher dose of budesonide.

Reproduced with permission from Pauwels et al.7 BUD, Budesonide;

F, formoterol.
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severe asthma exacerbations are increased by allergen sensitiza-
tion alone (risk ratio, 2.3; 95% CI, 1.0-5.4) and further increased
by the combination of sensitization, high exposure to 1 or more
allergens, and viral detection (risk ratio, 8.4; 95% CI, 2.1-32.8).11

Although severe asthma exacerbations are usually relatively
transient events, with full symptomatic recovery by the patient,
they can be associated with a decrease in lung function, which
does not fully recover after the exacerbation has been treated and
is resolved.12
PREVENTION OF SEVERE ASTHMA

EXACERBATIONS
The purpose of asthma treatment is to attempt to achieve total

asthma control.13,14 Asthma control consists of 2 domains:
current control (impairment), which reflects the day-to-day
symptoms an asthmatic patient experiences and the burden
imposed by these symptoms, and future risk, which consists of
asthma exacerbations, irreversible decrease in lung function,
and side effects from asthma medications.13 Thus the prevention
of asthma exacerbations is an important component of establish-
ing ideal asthma control.
Inhaled corticosteroids
The regular use of inhaled corticosteroids (ICSs) remains the

most effective therapeutic strategy to reduce the risk of asthma
exacerbations. This benefit was identified in studies conducted
shortly after the introduction of ICSs15-17; however, the first pro-
spective evaluation of a dose-response benefit of ICSs in a study in
which severe asthma exacerbations were the primary outcome
variable was reported in 1997.7 This study evaluated asthmatic
patients already taking moderate doses of ICSs but with poorly
controlled asthma. During a run-in period, all patients were trea-
ted with high doses of ICSs (budesonide, 1600 mg/d) to try to
achieve good control and were then randomized to low (budeso-
nide, 200 mg/d) or moderate (budesonide, 800 mg/d) doses of
ICSs. The risks of severe asthma exacerbations were reduced by
almost 50% in the group receiving the higher dose of budesonide,
from an annualized rate of 0.91 severe exacerbations per patient
per year to 0.46 exacerbations per patient per year (Fig 2).7 An
even larger magnitude of benefit was observed when a similar
study was completed in patients with milder asthma who were
not taking ICSs at the time of randomization, from 0.77 severe
exacerbations per patient per year to 0.29 severe exacerbations
per patient per year, a 74% reduction (Fig 3, group A).18

A similar benefit of ICS treatment in reducing severe asthma
exacerbations has been demonstrated in pediatric asthmatic
patients,19 and ICSs have been shown to be superior to the antileu-
kotriene agent montelukast in this regard in children.20 The corti-
costeroid budesonide has also been evaluated as a nebulized
solution in very young children (age, 2-3 years) and again was
demonstrated to be effective in reducing exacerbations,21 but
this benefit was lost once the nebulized budesonidewas discontin-
ued. This lack of continuing benefit after discontinuation of ICSs
has also been demonstrated in older children.22

ICSs appear to achieve much of their clinical benefit from
reducing the number and state of activation of airway eosino-
phils.23,24 Approximately 50% of severe asthma exacerbations
are associated with an increase in airway eosinophil numbers,25

whereas in others there is prominent airway neutrophilia.25,26

Several studies have shown that titrating the daily ICS dosage
to normalize airway eosinophil numbers significantly reduces
severe asthma exacerbations.27,28 The fact that ICSs do not reduce
the numbers or activation of airway neutrophils and indeed
prolong their survival29 might largely explain why ICS treatment
does not appear to eliminate the risk of all severe asthma
exacerbations; although this has never been formally demon-
strated, eosinophilic asthma exacerbations can, however, still
occasionally occur in patients with difficult-to-treat asthma who
are using ICSs.30,31
Inhaled b2-agonists
All asthma treatment guidelines recommend rapid-acting

inhaled b2-agonists for symptom relief.13,14,32 These have been
with either short-acting drugs (short-acting b2-agonists, such as
salbutamol or terbutaline) or long-acting drugs (long-acting in-
haled b2-agonists [LABAs], such as formoterol). Interestingly,
the use of formoterol as reliever therapy in patients receiving
maintenance ICS therapy has been shown to reduce the risk of



FIG 3. Number of severe asthma exacerbations (per patient per year) in the

Optimal Management of Asthma study.18 The study consisted of 2 popula-

tions: group A, who were steroid naive at the time of study enrollment, and

group B, who were already receiving low-dose ICS treatment at the time of

study enrollment. In group A low-dose budesonide alonemarkedly reduced

severe exacerbations, whereas in group B doubling the dose of budesonide

alone did not reduce severe exacerbations, but adding the LABA formoterol

did reduce severe exacerbation risk. Redrawn from data in O’Byrne et al.18

BUD, Budesonide; F, formoterol.

J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

O’BYRNE 3
severe exacerbations when compared with terbutaline.33 How-
ever, none of the inhaled b2-agonists, which provide rapid bron-
chodilation and symptom relief, have been convincingly shown
to treat the underlying asthmatic inflammatory process.34 Indeed,
the regular use of salbutamol has been demonstrated to increase
the airway inflammatory response to inhaled allergens,35 and
overuse of b2-agonists when used as monotherapy in asthma
has been associated with severe asthma exacerbations, resulting
in asthma hospitalizations and even increased asthma mortal-
ity.36,37 Thus although rapid-acting inhaled b2-agonists are very
effective bronchodilators and useful for the relief of asthma symp-
toms, their use should be intermittent and, with good asthma
control, infrequent. Concerns about the adverse effects of using
inhaled LABAs has resulted in a ‘‘black box’’ warning about their
use being associated with increasing severe asthma-related events
and even asthma death in some countries, including the United
States and Canada.
Combination inhalers with ICSs and LABAs
Concerns about the use of LABAs as monotherapy for asthma

and the evidence of a deleterious effect that exists for some
patients38 in the early 1990s resulted in the development of a clin-
ical trial being designed, which examined whether combinations
of ICSs and LABAs change the risks of severe asthma exacerba-
tions when compared with ICS treatment alone.7 As described
above, the patient population was asthmatic patients with poorly
controlled asthma and a history of prior severe exacerbations. The
study demonstrated that the combination of the ICS budesonide
and the LABA formoterol significantly reduced the risks of
both mild and severe asthma exacerbations when compared
with the same doses of the ICS alone. The annualized rate of se-
vere exacerbations was reduced from 0.46 per patient per year
with the higher dose of budesonide alone to 0.34 per patient per
year7 when this dose was combined with a LABA (Fig 2). This
benefit of combination therapywith ICSs and LABAs on reducing
severe exacerbations has been reproduced in many studies with
this and other combinations of ICSs and LABAs (Fig 3,
group B).39-41

The mechanism by which the combination of ICSs/LABAs
reduces asthma exacerbations remains unclear. A clinical model
of a mild asthma exacerbation is allergen inhalation challenge in
patients with mild asthma.42 Allergen challenge induced transient
eosinophilic and basophilic airway inflammation,43,44 which is
associated with airflow obstruction (the early and late asthmatic
responses) and a transient change in airway hyperresponsive-
ness.45 The ability of the combination of ICSs/LABAs to attenu-
ate these allergen-induced responses when compared with an ICS
alone has been reported.46 This study demonstrated that the com-
bination was significantly superior to the ICS alone in reducing
allergen-induced airway eosinophilia, as well as the physiological
consequences of allergen inhalation. Thus the benefits of the
anti-inflammatory effects of the ICS, together with the LABA
as a bronchodilator and a functional antagonist (protecting against
bronchoconstrictor stimuli), and the synergism of the combina-
tion on airway eosinophilic inflammationmight explain the added
benefit in reducing severe exacerbations.
Combination inhalers with ICSs and LABAs as

maintenance and reliever therapy
A hypothesis has been developed that has postulated that using

a combination inhaler containing both an ICS and a rapid-onset
LABA for both regular maintenance therapy and reliever therapy
would be advantageous when compared with using an inhaled
b2-agonist as needed. This implies that the additional anti-
inflammatory effect of the ICS, which is achieved when the com-
bination is used for symptom relief, would provide additional
clinical benefit, particularly in reducing the risks of severe asthma
exacerbations, which are known to be associated with worsening
airway inflammation, as well as increasing symptoms.

The evaluation of this hypothesis was possible with the
combination inhaler containing budesonide/formoterol. This is
because formoterol has an onset of bronchodilator action within
the first minute,47 with a similar efficacy and safety to salbutamol,
even in patients with acute severe asthma,48 and its pharmacolog-
ical characteristics demonstrate a dose-response effect in which
increasing doses provide additional benefit,49 which is not the
case with salmeterol.49,50

This approach has been evaluated in several large studies that
have consistently demonstrated that the combination of budeso-
nide/formoterol for bothmaintenance and symptom relief reduces
severe exacerbations requiringmedical intervention and exposure
to oral steroids, reducing reliever medication use and nighttime
symptoms, including awakenings, and improves lung function
when compared with either budesonide/formoterol or a 4-fold
higher dose of budesonide for maintenance therapy, both with
short-acting b2-agonists for relief.

51-53 The benefits were seen in
both children54 and adults51 with moderate to severe asthma not
controlled with moderate doses of ICSs (some also receiving
LABAs) at randomization, all of whom have had a previous
history of severe asthma exacerbations. This benefit was also
achieved with lower maintenance doses of ICSs in the combina-
tion arm by using ICSs/LABAs as maintenance and reliever.
In addition, the benefit of using another combination of



FIG 4. Kaplan-Meier analysis of the proportion of patients without an asthma exacerbation. Both patient

groups had a structured reduction of maintenance oral prednisone during the study. The mepolizumab-

treated patients did not experience an eosinophilic asthma exacerbation during the study, whereas this

occurred in 9 of 10 patients receiving placebo. Reproduced with permission from Nair et al.31
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ICSs/LABAs (beclomethasone and formoterol) as reliever
therapy has been shown in a milder population of asthmatic
patients.55

The mechanism by which the combination of ICSs/LABAs
containing formoterol reduces the risk of severe asthma exacer-
bations is not yet explained. Asthma exacerbations generally
develop over a period of 5 to 7 days, before the exacerbation is
recognized and treatment is initiated, during which patients
experience deteriorating symptoms and lung function (Fig 1).6

This suggests that there is an opportunity to intervene early
with an increase in ICS dose for several days before the exacerba-
tion becomes severe enough to require medical intervention.
However, studies that have doubled the maintenance dose of
ICEs well into the course of an exacerbation have failed to
show added benefits.56,57 These interventions have usually been
in response to a fixed increase in symptoms and a decrease in
lung function (as dictated by study protocol), which is likely
too late for the increased dose of ICS to have benefit. It is plausible
but not yet proved that using the combination containing an ICS/
formoterol for maintenance and relief more effectively treats the
worsening inflammation because ICSs are always delivered when
the combination is used to relieve the increase in symptoms,
which occur early in the development of an exacerbation.
Although this treatment approach has been approved for use in
almost all countries, it is not approved in the United States.
Antileukotrienes
Drugs that inhibit the synthesis of the cysteinyl leukotrienes or

their receptors have been demonstrated to be effective in the
treatment of asthma.58,59 Initial studies of the efficacy of this class
of asthma medication focused on their ability to improve lung
function and reduce symptoms60,61 or reduce exercise-induced62

or allergen-induced63,64 bronchoconstriction. More recently,
antileukotrienes have been shown to reduce the risks of asthma
exacerbations, both in preschool65 and older66 children. Many
severe asthma exacerbations in children occur shortly after
return to school after the summer vacation.67 This increase is as-
sociated with viral respiratory tract infections (particularly HRV),
and the leukotriene receptor antagonist montelukast has been
shown to reduce this increase.66 There are also studies demon-
strating that antileukotrienes reduce asthma exacerbations in
adults,61,68 and clinical benefit has been described in using mon-
telukast in the management of acute episodes in the emergency
department.69
Anti–IL-5 mAbs
Approximately 50% of severe asthma exacerbations are eo-

sinophilic in nature,25 whereas many of the remaining exacerba-
tions are neutrophilic. Several studies have demonstrated that
making asthma treatment decisions based on minimizing airway
eosinophil numbers (measured in induced sputum) can reduce the
risks of severe exacerbations.27,28 Some patients (approximately
40% to 50%) with difficult-to-treat asthma have persistent airway
eosinophilia despite treatment with high-dose ICSs or sometimes
with oral corticosteroids. The treatment of these difficult-to-treat
patients with airway eosinophilia with the anti—IL-5 mAbmepo-
lizumab has been shown to reduce the number of severe asthma
exacerbations,30,31 demonstrating a central role of eosinophils
in causing asthma exacerbations in these patients (Fig 4). Treat-
ment with the anti–IL-5 mAb was initially not thought to provide
any clinical benefit in patients with difficult-to-treat asthma in this
study.70 This is because the patients randomized were not selected
as having persistent airway eosinophilia. However, even in this
study, there was a nonsignificant tread toward a reduction in se-
vere asthma exacerbations with treatment with mepolizumab.
However, this therapy is not yet approved in any country for the
treatment of difficult-to-treat asthma.
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Anti-IgE mAb
An mAb directed against IgE, omalizumab, is available for the

treatment of allergic asthma, and asthma treatment guidelines
recommend its use in adults with difficult-to-treat asthmawho are
sensitized to environmental allergens. Omalizumab has been
effective in reducing asthma exacerbation risk in this patient
population71,72 and more recently in inner-city allergic asthmatic
children and adolescents.73 The antibody is, in general, well
tolerated, but reports have identified rare episodes of anaphylaxis
after administration.74,75 This occurs in less than 0.1% of treated
patients.74 Its high cost has also limited its use in patients with
difficult-to-treat asthma.
Bronchial thermoplasty
The most recent approach to the treatment of difficult-to-treat

asthma is bronchial thermoplasty, which has been approved in
some countries. This requires the patient to undergo fiberoptic
bronchoscopy, and the central airways are treated with radiofre-
quency energy that is converted to heat (658C) in the airway wall.
This heat ablates airway smoothmusclewithout causing any other
damage to the airways.76,77 Initial studies of this treatment dem-
onstrated clinical benefit in reducing symptoms and improving
lung function and reducing mild asthma exacerbations.78,79

A subsequent study has also demonstrated a significant reduction
in severe asthma exacerbations.80 This treatment approach is
associated with occasional need for hospitalization of patients
after fiberoptic bronchoscopy,77 but long-term follow-up has not
raised any safety concerns, and the clinical benefit appears to be
maintained.79
CONCLUSIONS
Severe asthma exacerbations can occur in any asthmatic

patient and have potential long-term consequences with regard
to a decrease in lung function. ISC treatment is very effective in
reducing severe exacerbations when used as monotherapy, and
the combination of an ICS with a LABA provides even more
protection. In patients with a history of severe exacerbations,
using ICS/LABA combinations, which contain the LABA
formoterol, both as maintenance and rescue treatment has
been shown to be superior to any treatment approach, which
uses b2-agonist alone as rescue treatment. In patients with
childhood asthma, treatment with a leukotriene receptor antag-
onist reduces virus-induced asthma exacerbations. Patients with
difficult-to-treat asthma with persisting airway eosinophilia
despite combination treatment might demonstrate a reduction
in asthma exacerbation risk with the use of an anti–IL-5
mAb, whereas in difficult-to-treat patients with allergic asthma,
a similar benefit might be obtained with an anti-IgE mAb. The
most recent innovation has been the demonstration that bron-
chial thermoplasty reduced the exacerbation risk in patients
with difficult-to-treat asthma.

The recognition of the importance and effect of severe
asthma exacerbations has resulted in their enumeration
being included in almost all large clinical trials of asthma
treatment and their reduction as a pivotal outcome variable.
Also, all treatment guidelines now recognize that elimina-
tion of exacerbation risk is a requirement for good asthma
control.
What do we know?
d Regular use of ICSs is the single most effective way to

reduce the risk of severe asthma exacerbations.

d Additional benefit can be obtained with the regular use of
combinations of ICSs and LABAs.

d In patients with a history of previous severe asthma exac-
erbations, using a combination of an ICS and the rapid-
onset LABA formoterol further reduces the risk of severe
exacerbations.

d Other treatment approaches that have been demonstrated
to reduce severe exacerbation risk include the use of a
leukotriene receptor antagonist or omalizumab, an mAb
directed against IgE; mepolizumab, an mAb directed
against IL-5; or bronchial thermoplasty.

What is still unknown?
d Some severe asthma exacerbations are characterized by

an airway neutrophilic response. The efficacy of current
treatment approaches in preventing this type of asthma
exacerbation remains unclear.

d The mechanisms by which asthma treatments reduce
exacerbation risk are unknown.

d Severe asthma exacerbations are associated with a more
rapid loss of FEV1. This effect is attenuated by the regu-
lar use of ICSs. Whether other asthma treatments, which
reduce exacerbation risk, have a similar benefit remains
unknown.
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