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Review article

Diagnosis and treatment of asthma in childhood: a PRACTALL
consensus report
Asthma is the leading chronic disease among children in most industrialized
countries. However, the evidence base on speciﬁc aspects of pediatric asthma,
including therapeutic strategies, is limited and no recent international guidelines
have focused exclusively on pediatric asthma. As a result, the European Academy of Allergy and Clinical Immunology and the American Academy of Allergy,
Asthma and Immunology nominated expert teams to ﬁnd a consensus to serve as
a guideline for clinical practice in Europe as well as in North America. This
consensus report recommends strategies that include pharmacological treatment,
allergen and trigger avoidance and asthma education. The report is part of the
PRACTALL initiative**, which is endorsed by both academies.
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Asthma is the most common chronic childhood disease in
nearly all industrialized countries. It is more prevalent in
children with a family history of atopy, and symptoms
and exacerbations are frequently provoked by a wide
range of triggers including viral infections, indoor and
outdoor allergens, exercise, tobacco smoke and poor air
quality. Many infants and preschool children experience
recurrent episodes of bronchial symptoms, especially
wheezing and cough, beginning at a few months of age,
mainly during a lower respiratory tract infection, and
since a clinical diagnosis of asthma usually can be made
with certainty by age 5, the early diagnosis, monitoring
and treatment of respiratory symptoms are essential.
At the time of this report, there are few national (1–4)
and no up-to-date international guidelines (5) that focus
exclusively on pediatric asthma, even though children
have a higher overall prevalence of asthma compared to
adults. Pharmacotherapy for childhood asthma has been
described in general asthma guidelines, including the
recently updated Global Initiative for Asthma (GINA)
guidelines (6) and in some national guidelines. However,
the information available on speciﬁc aspects of pediatric
asthma, in particular in children under 5 years of age, is
limited and does not include the opinion and contributions of the pediatric allergy and respiratory community
(1, 7, 8). In contrast to adults, the evidence base for
pharmacotherapy in children under 5 years of age is very
sparse. The current British Thoracic Society Guideline (9)
has been the most accessible source of information for
treatment of pediatric asthma, with recommendations
based on the available literature and where evidence is
lacking on expert opinion.
In view of the limited data from randomized controlled
trials in children and the diﬃculties in applying systematic
review criteria to diagnosis, prognosis and nonpharmacological management, this report employed a consensus
approach based on available published literature (until
June 2007) and on best current clinical practice. The
report reviews the natural history and pathophysiology of
pediatric asthma and provides recommendations for
diagnosis, practical management and monitoring. The
recommendations are aimed at both pediatricians and
general practitioners (GPs) working in hospitals, oﬃce or
primary care settings.

Natural history
Asthma in children can be described as Ôrepeated attacks
of airway obstruction and intermittent symptoms of
increased airway responsiveness to triggering factors, such
as exercise, allergen exposure and viral infectionsÕ (10).
However, the deﬁnition becomes more diﬃcult to apply
conﬁdently in infants and preschool age children who
present with recurrent episodes of coughing and/or
wheezing. Although these symptoms are common in the
preschool years, they are frequently transient, and 60% of
6

children with infantile wheeze will be healthy at school age
(11). Physicians should manage and exclude diagnoses
other than asthma, and be aware of the variable natural
history patterns of recurrent wheezing in early childhood.
Three diﬀerent patterns of recurrent wheeze in pediatric patients have been proposed (12), and a fourth was
recently described (13). However, it should be noted that
patterns 1 and 2 (listed below) can only be discriminated
retrospectively and are not suitable for use when treating
the child.
1. Transient wheezing: Children who wheeze during the
ﬁrst 2–3 years of life, but do not wheeze after the age
of 3 years
2. Nonatopic wheezing: Mainly triggered by viral infection and tends to remit later in childhood
3. Persistent asthma: Wheezing associated with the following:
• Clinical manifestations of atopy (eczema, allergic
rhinitis and conjunctivitis, food allergy), blood
eosinophilia, and/or elevated total immunoglobulin
E (IgE)
• Speciﬁc IgE-mediated sensitization to foods in
infancy and early childhood, and subsequently to
common inhaled allergens (14–18)
• Inhalant allergen sensitization prior to 3 years of age,
especially with sensitization and high levels of exposure to speciﬁc perennial allergens in the home (10)
• A parental history of asthma (15)
4. Severe intermittent wheezing (13): Infrequent acute
wheezing episodes associated with the following:
• Minimal morbidity outside of time of respiratory
tract illness
• Atopic characteristics, including eczema, allergic
sensitization and peripheral blood eosinophilia
The highest incidence of recurrent wheezing is found in
the ﬁrst year of life. According to long-term populationrelated prospective birth cohort studies, up to 50% of all
infants and children below the age of 3 years will have at
least one episode of wheezing (19). Infants with recurrent
wheezing have a higher risk of developing persistent
asthma by the time they reach adolescence, and atopic
children in particular are more likely to continue wheezing (Fig. 1) (10). In addition, the severity of asthma
symptoms during the ﬁrst two years of life is strongly
related to later prognosis (20). However, both the
incidence and period prevalence of wheezing decrease
signiﬁcantly with increasing age (12).
Determinants
Genetic factors. Studies on mono- and dizygotic twins
along with the association of asthma phenotype within
ﬁrst degree relatives suggest a genetic basis to asthma.
More recently, genome wide screens followed by posi-
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Figure 1. Prevalence of current wheeze from birth to age 13 years in children with any wheezing episode at school age (5–7 years),
stratiﬁed for atopy at school age (10).

tional cloning and candidate gene association studies
have identiﬁed genetic loci related to increased risk of
asthma in certain populations (21). The eﬀect of genetic
variance on asthma and asthma-related phenotypes
shows a great deal of heterogeneity, and may be strongly
inﬂuenced by environmental factors (22–24). Accordingly, many children who develop asthma do not have
parents with asthma, and many parents with asthma have
children who do not develop asthma (10).
Most studies on the incidence and prevalence of asthma
in childhood have indicated that the prevalence is higher in
boys than in girls in the ﬁrst decade of life (25, 26),
although one serial cross-sectional study has suggested a
recent narrowing of this gender gap (27). However, as
children approach the teenage years, new-onset asthma
becomes more common in girls than boys, especially in
those with obesity and early-onset puberty (28). The
reason for these gender diﬀerences is not well understood.
Environment and lifestyle as disease modiﬁers and
triggers. Allergens: Exposure to outdoor and especially
indoor allergens is a signiﬁcant risk factor for allergic
asthma (29–31). Exposure in infancy is related to early
sensitization, and the combination of sensitization and
exposure to higher levels of perennial allergens in the
home is associated with asthma persistence and poor lung
function in children (10). Clinical expression of the
disease is variable, and depends on factors like the
characteristics of the allergen, such as seasonality,
regional speciﬁcity, and indoor or outdoor presence.
In infancy, food allergy with manifestations in the skin,
the gastrointestinal tract or respiratory tract is more
common than inhalant allergy (32). The presence of food
allergy is a risk factor for the development of symptoms
of asthma in children aged >4 years (15, 24). With
increasing age, symptoms associated with inhaled aller-

gens develop, particularly to indoor allergens, such as
house-dust mites, pets, cockroaches and mold, and later
to outdoor allergens, such as pollen or molds.
The classical allergic reaction involves binding of
allergen-speciﬁc IgE antibodies to mast cells, and on
re-exposure to the allergen, this may be followed by the
early phase response associated with the release of mast
cell mediators and presentation with typical allergic
symptoms, followed by the late-phase response. Since
repeated allergen exposure and allergic response may
damage the tissues involved, the eﬀect of allergy may
persist even after removal of the allergen.
Infection. Some studies suggest that exposure to certain
viruses (e.g. hepatitis A, measles), mycobacteria or
parasites, may reduce the incidence of allergy and/or
asthma (33–35), and that recurrent mild infections may
protect against asthma (36, 37). Others suggest that
microbes may initiate asthma (38–40). Currently there is
insuﬃcient evidence from intervention studies to clarify
this relationship and particularly any potential clinical
relevance.
Respiratory viral infections are the single most frequent
asthma trigger in childhood (41, 42). They are the only
trigger of wheeze and cough in many children and can
exacerbate atopic asthma (43). Human rhinoviruses are
responsible for the majority of asthma exacerbations (41,
42) and respiratory syncytial virus is a common cause of
severe respiratory symptoms in infants (42, 44). Severe
respiratory infections are associated with asthma persistence later in childhood (36), and recurrent respiratory
infections may worsen asthma symptoms further. Infection can damage the airway epithelium, induce inﬂammation and stimulate both an immune reaction and
airway hyperresponsiveness (45, 46). Once the infection
resolves, hyperresponsiveness remains for a considerable
7
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length of time (47). Infections remain an important
trigger throughout childhood and into adulthood.
To date, there is no evidence that vaccinations given
during the ﬁrst years of life modify the risk of atopy or
asthma (48). Exposure to antibiotics during infancy has
been associated with an increased risk of asthma (49, 50).
However, results from these studies remain inconclusive,
and childhood vaccination guidelines and judicious antibiotic usage practices should remain unchanged.
Tobacco smoke: Passive exposure to tobacco smoke is
one of the strongest domestic and environmental risk
factors for developing recurrent coughing/wheezing or
asthma symptoms at any age during childhood (19).
Tobacco smoke increases oxidative stress and stimulates
inﬂammation in both the lower and upper airways. In
addition, maternal smoking during pregnancy results in
impaired lung growth in the developing fetus, which may
be associated with wheezing early in life (51). In existing
asthma, smoking is associated with disease persistence (51,
52), and may impair the response to asthma treatment
(53). Although tobacco smoke is harmful to everyone, its
detrimental eﬀects are relatively greater in younger children due to their smaller airway size. Avoiding tobacco
smoke is therefore one of the most important factors in
preventing asthma and other respiratory diseases (54).
Pollutants: The eﬀect of air pollution caused by traﬃc
or industry on pediatric asthma has been extensively
studied (55–57). In addition to their direct toxicity on the
lungs, pollutants induce oxidative stress, airway inﬂammation and may cause asthma in those who are genetically susceptible to oxidant stress exposures (58, 59).
Although pollutants are typically considered to be an
outdoor phenomenon, high concentrations of pollutants
can be found indoors.
Nutrition: The value of breast feeding is clear and a
recent systematic review suggests that it protects from the
development of atopic disease, particularly in children
with atopic heredity (60). Use of an extensively hydrolyzed infant formula does not appear to decrease the
incidence of asthma (61). While strict avoidance of
proteins, such as cowsÕ milk or hensÕ eggs, reduces the
incidence of atopic dermatitis in the ﬁrst year of life, it
does not prevent the development of asthma (62, 63).
Several studies have suggested that dietary factors,
such as sodium content, lipid balance and level of
antioxidants may also be associated with asthma activity,
although such studies have been diﬃcult to control, due
to the complexity of diet (64). Studies on obesity and
asthma oﬀer general advice to avoid excess weight gain
and maintain a lifestyle that includes a balanced diet (65).
Some studies show that supplementation with omega-3
polyunsaturated fatty acids may reduce symptoms of
wheeze (66), and when combined with other protective
measures, such as prevention of house-dust mite exposure, it may also reduce the likelihood of atopic sensiti-
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zation (67). However, since the studies are inconclusive
this regime should not be generally adopted.
Irritants: A number of diﬀerent irritants have been
associated with respiratory symptoms and asthma in
children, including perfume, dust and chlorine. These
triggers can become important in speciﬁc settings (e.g.
swimming pools) (68). The mechanism may not be the
same for all irritants and may include both neural and
oxidative pathways. Avoidance of irritants is advisable.
Chlorinated water can be an irritant; however this can be
dealt with using a good ventilation system and should not
be a reason to prevent children from swimming.
Exercise: Exercise will trigger asthma symptoms in the
majority of children with asthma (69), and exerciseinduced bronchospasm can also be a unique asthma
phenotype. The mechanism may involve changes in airway
osmolarity resulting from water loss and/or changes in
airway temperature that lead to bronchoconstriction and
bronchospasm (70). Regular aerobic exercise is crucial to
healthy development, and therefore should not be
avoided. In addition, there is evidence that low physical
ﬁtness in childhood is associated with the development of
asthma in young adulthood (71). Consequently, airway
inﬂammation and asthma should be kept under control to
improve breathing and allow participation.
Weather: Diﬀerent weather conditions, including extreme temperature and high humidity have been associated with asthma activity, including exacerbations (72).
Since it is diﬃcult to avoid weather entirely; for example,
thunderstorms, parents should be aware of these potential triggers and may adjust the therapeutic strategies for
the child accordingly.
Stress: Psychological factors, especially chronic stress,
can also aﬀect the activity of asthma (73), although this
ﬁnding requires more study in children. ChildrenÕs lung
function and asthma activity may also be aﬀected by
parental stress levels (74). Stress can exacerbate asthma
and there is a correlation between asthma and psychological disturbances (73). Avoidance of undue and
unnecessary stress and/or training in stress management
may, therefore, be beneﬁcial.
Concurrent triggers: Simultaneous or subsequent exposure to diﬀerent triggers may have additive or even
synergistic eﬀects on symptoms/exacerbations of asthma
(43). Although in the majority of cases a particular trigger
is prominent, interactions should be sought as they may
inﬂuence the outcome.
Asthma phenotypes
In asthma, age and triggers can be used to deﬁne diﬀerent
phenotypes of disease. These phenotypes are likely to be
useful because they recognize the heterogeneity of childhood asthma. They do not represent separate diseases,
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but are part of the Ôasthma syndromeÕ. Guidelines that
recognize diﬀerent phenotypes should provide better
direction for prognosis and therapeutic strategies.

Phenotype-defining elements
Age
Age is one of the strongest determinants of asthma
phenotype in childhood, and involves pathophysiological
events, exposure and natural history determinants.
Because of diﬀerences in disease presentation between
the age groups, it is important to design diagnostic and
management strategies based on age. Practical age
groupings for these purposes are:
•
•
•
•

Infants (0–2 years old)
Preschool children (3–5 years old)
School children (6–12 years old)
Adolescents.

Infants (0–2 years old). In infants, persistence of symptoms is a major indicator of severity. Therefore, it should
be established whether the child has wheezed on most
days of the week during the last 3 months. If so, these
children should be diagnosed with persistent infantile
wheeze, after careful exclusion of other causes. Children
with intermittent disease (recurrent episodes) can be
classiﬁed as having either severe or mild disease, depending upon the need for medical resources (systemic
steroids, hospitalization).
Preschool children (3–5 years old). In preschool children, the key diﬀerentiator of asthma phenotype is
persistence during the last year (Fig. 2). If symptoms
disappear completely between episodes, and usually

follow a cold, viral-induced asthma is the most appropriate diagnosis. Viruses are the most common trigger in
this age group. Exercise-induced asthma can also be a
unique phenotype in this age group.
Skin prick tests or in vitro tests for the presence of
speciﬁc IgE antibodies should be performed along with
eﬀorts to ascertain whether there is a clinically relevant
association between exposure and symptom occurrence.
If so, the phenotype is allergen-induced asthma. It should
be emphasized that atopy is a risk factor for asthma
persistence irrespective of whether or not allergens are
obvious triggers of disease activity. If no speciﬁc allergic
trigger can be identiﬁed, the phenotype can be characterized as nonallergic asthma with some caution. However, this may still mean that the speciﬁc allergic trigger
was not detected.
School-age children (6–12 years old). The diﬀerentiators in school-age children are the same as those in
preschool children (Fig. 2). However, allergen-induced
cases are more common and visible and seasonality may
become evident. Virus-induced asthma is still common in
this age group. Severity may become an important issue
in the treatment of allergen-induced asthma.
Adolescents. Atopic asthma can have its onset during
adolescence and there are more new cases than remissions
(75). Nonatopic asthma can also start during adolescence
(28). There are additional problems associated with
managing and classifying asthma in adolescent patients.
Many adolescents are reluctant to use regular daily
medications and do not like having any restrictions
placed on their lives. Smoking may also become an issue.
Also, there may be a diﬃcult transition period when
patients stop seeing a pediatrician and start seeing
another physician.

Is the child completely well
between symptomatic periods?

Yes

No

Are colds
Is exercise the most
the most common No common or only
precipitating factor?
precipitating factor?

No

Does the child have
clinically relevent
allergic sensitization?

Yes

Yes

Yes

Yes

Virus-induced
asthma*

Exercise-induced
asthma*

Allergen-induced
asthma

Unresolved
asthma*#

Notes: Severity should be assessed for each phenotype
*Children may also be atopic
#Different etiologies, including irritant exposure and as-yet not evident allergies
may be included here

Figure 2. Asthma phenotypes in children aged >2 years of age. Note that phenotypes are a useful guide to the predominant problem
and overlap between phenotypes is frequently present.
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Severity
Pathologically, severe asthma in both adults (76) and
children (77) has particular characteristics suggesting that
it could be considered as a unique phenotype. Severity is
associated with persistence and unresponsiveness to therapy. Although it can be useful as an additional parameter in
deﬁning phenotypes, severity levels tend to be arbitrary.
Severity also depends on age. In infants, persistent disease
should be considered severe; in older children, severe
exacerbations are those with respiratory distress who
require oxygen and hospitalization; these may occur
independently of the usual measures of severity, i.e.
frequency of symptoms, or lung function.

Recommendations
• Careful evaluation and recognition of asthma triggers
is important in patient education, environmental
control and prognosis
• Identiﬁcation of asthma phenotype should be always
attempted, including evaluation of atopic status
• Asthma symptoms between exacerbations (interval
symptoms) are a major factor in phenotyping childhood asthma
• In infants particularly, a conﬁdent diagnosis of
asthma is diﬃcult to make
• In preschool and school-age children with recurrent
viral exacerbations, the term Ôvirus-induced asthmaÕ is
preferable to terms that include ÔwheezeÕ

Research recommendations
• Research on all aspects of childhood asthma should
be encouraged as it is not as well understood as
asthma in adults
• Special attention is required for infants and adolescents, due to the speciﬁc vulnerabilities and needs of
these groups
• Study designs based on speciﬁc asthma phenotypes
may improve understanding of natural history/medication eﬀectiveness
• Mechanisms involved in the natural course of asthma
should be studied in more detail to ﬁnd ways of
reducing the risk of disease persistence

Pathophysiology
Asthma symptoms most commonly occur in the setting of
chronic and often systemic inﬂammation, which is probably present even when there is no evidence of clinical
symptoms. Asthma is also characterized by considerable
variability in activity since symptoms and exacerbations
can be triggered by a number of diﬀerent factors. In
10

addition, repeated exacerbations may help perpetuate the
disease. The relative contribution of each trigger to
disease activity may change with the age of the child.
Asthma is particularly complex in children because
several elements of the immune system including antigen
presentation, T-cell function and antibody production are
immature and thus facilitate atopic responses (78). Interactions between the rate of immune system maturation
and lung growth and development during the ﬁrst years of
life seem to be crucial in the development of asthma (79).
In addition, the airways of infants and children are more
susceptible to obstruction due to their smaller size and the
soft ribcage oﬀers poor support for the underlying lung,
which recoils to volumes more likely to cause airway
closure (80). All of these phenomena are inﬂuenced by the
childÕs genes (81) and by the interaction between genetic,
developmental and environmental factors (82).
Immunological abnormalities
Immunological abnormalities associated with asthma
have been extensively studied in murine models, in vitro
and in adult asthma patients. Fewer studies have examined pediatric patients. Immune responses may vary
among children whose asthma is associated with diﬀerent
triggers (e.g. allergen-induced vs virus-induced inﬂammation), but also in accordance with the developmental
changes described above (83, 84). However, there is
considerable overlap between phenotypes as well as
between individuals (85, 86). The underlying disease in
atopic (allergic) asthma is systemic, illustrated by the
involvement of the bone marrow in eﬀector cell mobilization (87) and imbalances in T-cell immunity are
considered central in the majority of patients.
T-cell immunity. T cells play a prominent and complex
role in the pathophysiology of asthma. Interleukin (IL)-4
and IL-13, which are crucial in IgE class switching, and
IL-5, which drives eosinophilia, are the products of the
Th2 subset of T-helper lymphocytes. A simple paradigm
of imbalance between Th1 and Th2 cytokines has long
been used to describe immunological abnormalities in
asthma. However, it is becoming increasingly clear that
interactions between T-cell subsets and related cytokines
are more complex and diﬀer depending on a number of
factors including age and stimulus (88–91).
Evidence from animal models suggests that dendritic
cells, which present antigen to T cells, are involved in
driving the Th1/Th2 imbalance (92). Dendritic cell function is suboptimal in very young children since it does not
mature until later in life. An important role also appears
to be played by T-regulatory cells, which suppress immune
responses by regulating inﬂammation via cell-to-cell
contact and the release of suppressive cytokines (93).
Atopy. The majority of children with asthma are atopic,
deﬁned as the propensity to develop IgE antibodies and
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related clinical syndromes (94). Although the atopic
phenotype is frequently present in infancy, it becomes
increasingly apparent in preschool and school-age children and remains associated with asthma at all ages (95).
Atopic individuals tend to have elevated IgE antibody
levels and a Th1/Th2 imbalance in response to mitogens,
allergens and viruses (47, 89). The atopic environment
promotes further allergen sensitization and aberrant
responses to viral infections (96).
Structure–function interactions
In addition to inﬂammation, structural changes are also
present in the airways of individuals with asthmatic
symptoms. These changes can persist even in the absence
of symptoms for more than 6 years and cessation of
asthma therapy (97).
Airway remodeling. Airway remodeling is a general term
describing chronic, possibly irreversible changes that
occur in the airways of patients with asthma. These
include smooth muscle hypertrophy, angiogenesis and
increased vascularity, chronic inﬂammatory cell inﬁltration, goblet cell hyperplasia, collagen deposition, thickening of the basement membrane and reduced elasticity of
the airway wall (98). Although such abnormalities have
been described in both adults and children, they are less
extensively characterized in pediatric patients (85, 99,
100). Evidence of remodeling has been described in
children with postviral wheeze, but there is evidence that
the changes do not begin until after infancy (101).
Remodeling may be enhanced by elements of a Th2
immune response (102, 103). Early treatment (from 2 or
3 years of age) with inhaled corticosteroids (ICS) does
not appear to alter the course of these changes (104).
Bronchial inﬂammation. Bronchial inﬂammation is a
central characteristic of most patients who have asthma
symptoms, and involves changes at the epithelial level,
recruitment of inﬂammatory cells, and production of
multiple mediators. It is closely associated with airway
hyperresponsiveness. Cellularity and other characteristics
of inﬂammation depend upon trigger and age and may
diﬀer between asthma phenotypes. Inﬂammation may
persist to a varying extent during the intervals between
exacerbations.
Nasal inﬂammation. In adult asthma, nasal inﬂammation
is found even in the absence of symptoms and nasal
allergen challenge results in increased bronchial inﬂammation and vice versa (105–107). Although this has not yet
been shown in children, it appears to correlate with the
clinical histories of many children with allergic asthma.
Role of epithelium. The bronchial epithelium plays a
central role in asthma by reacting to external stimuli as
well as regulating inﬂammatory and remodeling processes

(108). Biopsy studies have shown that the epithelial
barrier appears to be compromised in both adults and
children with asthma (99).
Inﬂammatory cells and their recruitment. Eosinophils,
neutrophils and T cells inﬁltrate the epithelium in childhood
asthma and cause inﬂammation (85, 99, 100, 109). Neutrophilic inﬂammation is associated with both viral triggers
and increased disease severity (86). Eosinophilic inﬂammation is associated with asthma and atopy and has also been
associated with persistent symptoms (77, 100). Biopsy
studies, bronchoalveolar lavage (86) and indirect measures
of inﬂammation, such as exhaled nitric oxide (eNO) (110),
all show that bronchial inﬂammation is present in young
children with respiratory symptoms and asthma.
Airway obstruction. During asthma exacerbations, the
airway is obstructed by a combination of edema, mucus
hypersecretion and smooth muscle contraction. This
occurs at all ages and in all asthma phenotypes and is a
common endpoint induced by diﬀerent triggers.
Airway hyperresponsiveness and neural control. Airway
responsiveness to nonspeciﬁc stimuli is higher in normal
infants and young children than in older children or
adults (111). Airway hyperresponsiveness is a hallmark of
asthma. It is also a feature of viral infection and can be
present irrespective of asthma diagnosis or asthma
symptoms. It is associated with inﬂammation and airway
remodeling and is correlated with asthma severity.
Neural regulation of the airways consists of cholinergic
excitatory, adrenergic inhibitory nerves and nonadrenergic, noncholinergic nerve pathways. Its role in the
pathogenesis of asthma has been reviewed (112).

Research recommendations
• Additional studies are needed in order to understand
remodeling in children, in particular the features,
progression and responses to therapy
• Diﬀerentiating the patterns bronchial inﬂammation
may prove useful in understanding the time course of
diﬀerent phenotypes
• Identiﬁcation of noninvasive markers of diﬀerent
underlying pathophysiologies
• Studies of the relationship between upper and lower
airways inﬂammation may help elucidate pathophysiology
• Further information on neural control of the airways
in children

Diagnosis
There are no speciﬁc diagnostic tools or surrogate
markers for detecting asthma in infancy. Therefore,
11
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asthma should be suspected in any infant with recurrent
wheezing and cough episodes. Frequently, diagnosis is
possible only through long-term follow-up, consideration
of the extensive diﬀerential diagnoses and by observing
the childÕs response to bronchodilator and/or anti-inﬂammatory treatment.

•
•
•
•
•

Atopic eczema or dermatitis
Dry skin
Dark rings under the eyes (allergic shiners)
Irritated conjunctivae
Persistent edema of the nasal mucosa, nasal discharge, Ôallergic saluteÕ and Ôallergic creaseÕ on the
bridge of the nose.

Case history
A conﬁdent diagnosis of atopy can be diﬃcult in young
children (113). The individual case history should focus
on the frequency and severity of symptoms including
wheeze, nocturnal cough, exercise-induced symptoms,
and persistence of cough with colds (114), atopic heredity
and exposure to environmental factors including allergens
and tobacco smoke. Symptom patterns in the last
3–4 months should be discussed, with a focus on details
of the past 2 weeks. Wheezing should be conﬁrmed by a
physician due to possible misinterpretation of respiratory
sounds by parents (115).
In all children, ask about:
• Wheezing, cough
• Speciﬁc triggers: e.g. passive smoke, pets, humidity,
mold and dampness, respiratory infections, cold air
exposure, exercise/activity, cough after laughing/crying
• Altered sleep patterns: awakening, night cough, sleep
apnea
• Exacerbations in the past year
• Nasal symptoms: running, itching, sneezing, blocking
In infants (<2 years), ask about:
•
•
•
•
In

Noisy breathing, vomiting associated with cough
Retractions (sucking in of the chest)
Diﬃculty with feeding (grunting sounds, poor sucking)
Changes in respiratory rate
children (>2 years), ask about:

• Shortness of breath (day or night)
• Fatigue (decrease in playing compared to peer group,
increased irritability)
• Complaints about Ônot feeling wellÕ
• Poor school performance or school absence
• Reduced frequency or intensity of physical activity,
e.g. in sports, gym classes
• Avoidance of other activities (e.g. sleepovers, visits to
friends with pets)
• Speciﬁc triggers: sports, gym classes, exercise/activity
Adolescents should also be asked if they smoke.

IgE-mediated allergy
Allergic sensitization is the major risk factor for the
development of asthma and for its persistence and
severity (10, 15, 18). In addition, the presence of atopic
dermatitis and/or food-speciﬁc IgE increases the risk of
sensitization to inhaled allergens and may be predictive of
asthma development (116). Therefore, diagnostic evaluation should include allergy testing in all children (117).
Allergy diagnosis is based on evaluation of symptoms,
case histories and in vivo and in vitro testing.
In vivo testing for allergies
The skin prick test is simple, inexpensive and provides
results quickly (118). Tests should be carried out using
standardized methods and controls and standardized
allergen extracts. The panel of allergens tested will depend
on the age of the child and individual case history, and
should vary depending on local environment-speciﬁc
allergens. Optimally, testing should be carried out by
qualiﬁed physicians or nurses with experience and training. Results from skin prick tests depend on a series of
variables, including extract potency, recent H1-antihistamine use by the child, skill of the operator and the device
used to prick or puncture the skin. Interpretation of the
results and assessment of their clinical signiﬁcance should
be performed by an experienced clinician.
There is no lower age limit for skin prick testing among
children (119, 120). In high-risk, wheezing infants, skin
prick testing revealed a high level of sensitization to foods
and inhalant allergens, which is a major risk factor for
asthma development at the population level (24). However, although a positive result to indoor allergens in
young children is strongly associated with asthma (24), a
negative result does not exclude the presence of asthma.
Since new sensitivities can occur even during adolescence
(75), consideration should be given to repeating skin
prick tests at yearly intervals in wheezing children with
negative tests who remain symptomatic. In infancy and
early childhood, the size of skin test wheals is agedependent (121).

Physical examination
A thorough physical examination should always be
performed, which should include listening to forced
expiration and nasal examination. In cases where nasal
polyps are found, cystic ﬁbrosis should be excluded. Key
clinical signs suggesting an atopic phenotype include:
12

In vitro testing for allergies
In vitro testing for allergen-speciﬁc IgE may be useful
if skin prick testing cannot be performed because the
child has severe atopic dermatitis/eczema, is unable to
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discontinue antihistamine therapy, or has a potentially
life-threatening reaction to a food or inhalant. Speciﬁc
serum IgE measurement does not provide more accurate
results than skin prick testing. Testing should be performed using a validated laboratory method, such as
ImmunoCAP (Phadia AB, Uppsala, Sweden), should be
related to the patientÕs clinical history, and should be used
for the same indications as the skin prick test (117).
IgE panel tests, which measure IgE for a range of
common allergens simultaneously, can be used to assess
sensitization when determining asthma phenotype. They
have been shown to have a high negative predictive value
in excluding allergic sensitization among wheezing children (122).
Other tests. A chest x-ray can be performed at the ﬁrst
visit. Other tests available, such as eNO, exhaled breath
condensates, eosinophil counting in induced sputum and
peripheral blood, and basophil histamine release, may
indicate the presence of allergic inﬂammation. However,
in a population based study in school children, eNO levels
correlated better than spirometric indices with reported
asthma (123). Indirect measures of bronchial hyperresponsiveness, such as methacholine, histamine, mannitol,
hypertonic saline, hyperventilation/cold air, exercise
(preferably running) tests may also be useful in supporting a diagnosis of asthma.
Allergen inhalation challenge. In research settings allergen
challenge tests of the bronchi, nose or eyes can be
performed. However, a bronchial allergen challenge is
generally not necessary in clinical practice and is not
recommended.
Assessing lung function
The most widely used and accessible lung function measures are peak expiratory ﬂow (PEF) and forced expiratory
ﬂow-volume loop (124). Mainly ﬂow-volume loop is useful
for identifying obstruction whether it is clinically relevant
or not, and for classifying disease severity (125). Forced
expiratory techniques can be reliably used in most children
as young as 5–6 years of age, and in some children at
the age of 3 years (126). MicroRint, the forced oscillation
technique and other techniques can be used in preschool
children, although information is of limited or no value
for diagnosing asthma in this age group.
Bronchodilator response. b-agonist reversibility may provide information about the reversibility of airﬂow limitation (127). Using the percent change from baseline, an
increase in forced expiratory volume (FEV1) >12%
suggests a signiﬁcant bronchodilation. However, lack of
response does not preclude a clinical response to bronchodilator therapy. Two recent studies have found a
signiﬁcant correlation between measures of airway
inﬂammation (fraction of eNO and sputum eosinophils)

with response to b2 agonists (128, 129). However, most
children have FEV1 values close to normal and reversibility tends to be smaller than that in adults (130–132).
Differential diagnosis and co-morbidities
In children with severe recurrent wheeze, or in infants
with persistent nonresponsive wheeze, other diagnoses
must be excluded as well as the presence of aggravating
factors, such as gastroesophageal reﬂux, rhinitis, aspiration of a foreign body, cystic ﬁbrosis, or structural
abnormalities of the upper and lower airways. These
cases may require ﬁber optic bronchoscopy with bronchoalveolar lavage, chest computed tomography scan, or
esophageal pH probing (133). In addition, treatment
response should be considered. If therapy with ICS,
leukotriene receptor antagonists (LTRA) or bronchodilators fails, the asthma diagnosis should be reconsidered.

Recommendations
• Use of a standardized diagnostic questionnaire
(Table 4) should be implemented along with spirometry in general practice

Research recommendations
• Improvements and new developments in lung function measurement for young children are needed
• Further standardization and demonstration of usefulness of indirect measures of bronchial inﬂammation (such as eNO, breath condensate and more)

Management
Management of asthma should include a comprehensive
treatment plan that includes avoidance of airborne
allergens and irritant triggers (where possible), appropriate pharmacotherapy and asthma education programs for
patients, parents and caregivers. In selected patients,
allergen-speciﬁc immunotherapy may be beneﬁcial.
Avoidance measures
The eﬀect of allergens on asthma is related to the
frequency and level of exposure. Exposure leads to
sensitization and the triggering of symptoms, and may
also induce persistent bronchial inﬂammation, which
predisposes individuals to other triggering factors. Studies suggest that avoidance of some allergens (e.g. cats,
dogs, guinea pigs, horses) may reduce the incidence of
symptoms and prevent sensitization.
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Primary prevention has been deﬁned as elimination of
any risk or etiological factor before it causes sensitization,
secondary prevention as the diagnosis and therapy at the
earliest possible point in disease development, and
tertiary prevention as the limitation of the disease eﬀect
(134). Studies of primary prevention of sensitization have
reported conﬂicting results. Dust mite avoidance, for
example, prevented sensitization in some studies (135),
but not in others (136). Following implementation of
more stringent, multifaceted avoidance programs, studies
have reported reduced asthma prevalence and severity
(137), reductions in the prevalence of wheezing (138), and
improved lung function despite slightly increased sensitization to dust mites (139). More reliable results have been
obtained from secondary (140) and tertiary prevention
studies (140, 141).
The eﬀort required by families to reduce exposure to
ubiquitous airborne allergens can be diﬃcult to achieve
and sustain, and should be balanced against the ease or
diﬃculty in controlling associated symptoms with pharmacotherapy.
Avoidable allergens. Table 1 lists common allergens and
potential avoidance strategies (113, 142).
Pets: It will typically take up to 6 months after removal
of the pet from the household for allergen levels to fall
enough to reduce asthmatic reactions (143). However,
there is very little evidence that not having a pet will
decrease the risk of sensitization.
House-dust mites: Since house-dust mites are more
common in humid rooms, humidity should be kept low
using appropriate ventilation or a dehumidiﬁer. Other
measures to reduce exposure include use of mattress
covers and regular washing of bedding and clothing in
hot water (>56C) (113).
Food allergens: In an infant or child with food allergy,
ingestion of food may trigger a severe acute systemic
reaction (anaphylaxis). In some reactions, upper airway
Table 1. Steps to avoid specific allergens in sensitized individuals
Allergen

Avoidance measure

Pets

Remove pet and clean home, especially carpets and
upholstered surfaces
Encourage schools to ban pets
Wash bedding and clothing in hot water every 1–2 weeks
Freeze stuffed toys once per week
Encase mattress, pillows and quilts in impermeable covers
Use dehumidifying device
Clean home
Use professional pest control
Encase mattress and pillows in impermeable covers
Wash moldy surfaces with weak bleach solution
Use dehumidifying equipment
Fix leaks
Remove carpets
Use High Efficiency Particle Arrestor filtration

Dust mites

Cockroach

Mold
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obstruction, and lower airway obstruction manifest as
asthma symptoms, and can be severe. If fatal anaphylaxis
occurs, death usually results from upper and/or lower
respiratory tract obstruction and respiratory failure,
rather than from hypotension (144). Complete avoidance
of the oﬀending food(s) is recommended.
Avoidance of triggers. Avoidance of triggers should also
be part of the general strategy for asthma management
(see Pathophysiology, triggers and Asthma phenotypes
section). Key avoidable triggers are tobacco smoke, other
irritants, and some allergens; also, as far as possible,
infections and stress should be avoided. Although
exercise can be a trigger, it should not be avoided.
Avoidance of tobacco smoke. Tobacco smoke should be
strictly eliminated from the environment of all children
and particularly of children with history of wheezing. At
every oﬃce visit, the smoking habits of the family should
be assessed. Stopping smoking should be always discussed with parents who are smokers and counseling
should be oﬀered.
The home is one of the few places where parents can
make free choices about their smoking. Given increasing
oﬃcial pressure to ban smoking in workplaces and public
places, many smokers may smoke more at home. Thus,
government programs aimed at reducing smoking in
public may paradoxically place children at greater risk of
exposure to the long-term eﬀects of tobacco (145). This is
an important issue, which requires further research.

Recommendations
• Allergen avoidance is recommended when there is
sensitization and a clear association between allergen
exposure and symptoms
• Only thorough allergen avoidance may have clinically
relevant results
• Allergen testing (at all ages) to conﬁrm the possible
contribution of allergens to asthma exacerbations
• Avoidance of exposure to tobacco smoke is essential
for children of all ages, as well as pregnant women
• A balanced diet and avoidance of obesity are
favorable
• Exercise should not be avoided; asthmatic children
should be encouraged to participate in sports,
with eﬃcient control of asthma inﬂammation and
symptoms

Research recommendations
• Deﬁne the contribution of allergens to exacerbations
and the role of allergen avoidance in disease modiﬁcation

Step down if appropriate Step down if appropriate

Step up therapy to gain control
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ICS
Or
LTRA*
(200 µg BDP equivalent) (dose depends on age)

Insufficient control**

Increase ICS dose Or
(400 µg BDP equivalent)

Add ICS to LTRA

Insufficient control**

Increase ICS dose (800 µg BDP equivalent)
Or
Add LTRA to ICS
Or
Add LABA

Insufficient control**

Consider other options

·Theophylline
·Oral corticosteroids

* LTRA may be particularly useful if the patient has concomitant rhinitis
** Check compliance, allergen avoidance and re-evaluate diagnosis
*** Check compliance and consider referring to specialist

Figure 3. Algorithm of preventive pharmacologic treatment for
asthma in children >2 years of age.

Pharmacotherapy
The goal of pharmacotherapy is control of symptoms and
prevention of exacerbations with a minimum of drugrelated side-eﬀects. Treatment should be given in a
stepwise approach according to the persistence, severity,
and/or frequency of symptoms and should take into
account the presenting asthma phenotype (Fig. 3). It
should be noted that some children will not respond to
speciﬁc therapies. Children starting a new therapy should
be monitored and changes made where appropriate.
Medications currently available for childhood asthma
include:
Reliever medications
• Short-acting inhaled b2 agonists
• Other bronchodilators
Controller medications
• ICS
• LTRA
• Long-acting b2 receptor agonists (LABAs) (only in
combination with ICS)
• Sustained-release theophylline
• Anti-IgE antibodies
• Cromolyn sodium
• Oral steroids

Reliever medications
Short-acting b2 agonists
• Treatment of choice for intermittent and acute asthma episodes in children, very young children and for
preventing exercise-induced asthma. (The presence of
exercise induced bronchospasm is, however, an indication to start regular preventive treatment with ICS
or an LTRA).
• The safety margin for dose range is wide and determination of the optimal dose can be diﬃcult. The
lowest eﬀective dose that provides adequate clinical
control and minimizes side-eﬀects, such as tachycardia, dizziness and jitteriness, is recommended.
• Salbutamol, the most commonly used drug, has a
favorable safety and eﬃcacy proﬁle in patients aged
2–5 years (146).
• Terbutaline and formoterol also have safety and
eﬃcacy proﬁles comparable to that of salbutamol;
directions for use are similar.
Ipratropium bromide
• The only other reliever of any relevance. In acute
asthma its combined use with b2 agonists may result in
favorable outcomes in children (147), although results
were ambiguous in those less than 2 years of age (148).
• Side-eﬀects are few and current evidence supports
trial use when b2 agonists alone are not fully eﬀective.
Regular controller therapy. The main goal of regular controller therapy should be to reduce bronchial inﬂammation.
ICS
• A ﬁrst-line treatment for persistent asthma.
• Reduces the frequency and severity of exacerbations.
• Should be introduced as initial maintenance treatment (200 lg BDP equivalent) when the patient has
inadequate asthma control.
• Atopy and poor lung function predict a favorable
response to ICS (149).
• If control is inadequate on a low dose after
1–2 months, reasons for poor control should be identiﬁed. If indicated, an increased ICS dose or additional
therapy with LTRAs or LABAs should be considered.
• It has been known for many years that the eﬀect of
ICS in older children begins to disappear as soon as
treatment is discontinued (150).
• New evidence does not support a disease-modifying
role after cessation of treatment with ICS in preschool children (104, 151, 152).
LTRA
• An alternative ﬁrst-line treatment for persistent
asthma.
• Evidence supports use of oral montelukast as an
initial controller therapy for mild asthma in children
(153), as it provides bronchoprotection (154), and
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•
•
•
•
•

reduces airway inﬂammation as measured by nitric
oxide levels in some preschool children with allergic
asthma (155, 156).
Younger age (<10 years) and high levels of urinary
leukotrienes predict a favorable response to LTRA
(149).
A therapy for patients who cannot or will not use ICS.
Useful also as add-on therapy to ICS as their mechanisms of action are diﬀerent and complementary (157).
Suggested as treatment for viral-induced wheeze and
to reduce the frequency of exacerbations in young
children aged 2–5 years (158, 159).
Beneﬁt has been shown in children as young as
6 months of age (156, 160).

LABA
• Add-on controller therapy to ICS for partially controlled or uncontrolled asthma.
• Eﬃcacy is not well documented in children in contrast to adults, and use should be evaluated carefully
(161, 162).
• Safety concerns have been raised recently (163),
suggesting that use should be restricted to add-on
therapy to ICS when indicated.
• Combination products of LABA and ICS may be
licensed for use in children over 4–5 years, however,
the eﬀect of LABAs or combination products has not
yet been adequately studied in young children under
4 years.
Oral theophylline
• There is anecdotal evidence that low-dose theophylline may be of beneﬁt in select groups of children who
remain uncontrolled on ICS, LTRAs or LABAs.
• Theophylline is inexpensive, and in some countries, it
is used for children whose families cannot aﬀord ICS,
LTRAs, or LABAs.
• Due to its narrow therapeutic index and variable
metabolism rates between patients, blood levels must
be monitored closely.
Cromolyn sodium (nedocromil)
• Cromolyn sodium can be prescribed for children as
young as 2 years of age.
• Eﬃcacy is in question (6), however, and it is less
eﬀective than ICS.
• Must be used frequently (four times per day), and
may take up to 4 weeks to work (164).
• Free of side-eﬀects.
• Available as oral or nasal inhalers, nebulizer solution,
and eye drops.
Anti-IgE antibodies
• Patients aged ‡12 years may beneﬁt if they have
moderate-to-severe persistent atopic asthma that is
inadequately controlled despite treatment with other
therapies (165).
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• Mode of application and cost will limit this intervention to patients who fail to respond to currently
available therapies.
• The therapeutic index (beneﬁt-to-risk ratio) of this
relatively new agent is still being deﬁned.
Risks and side-eﬀects of pharmacotherapy. Awareness of
potential side-eﬀects of pharmacotherapy is mandatory.
Precautions and considerations for each agent are listed
below.
Short-acting b2 agonists: These agents are generally
safe when used intermittently and earlier concerns about
deaths when used for all age groups on a regular base
have not been substantiated (166). However, the potential
risk of tremor and hypokalemia must be taken into
account.
ICS
At doses recommended for the majority of asthmatic
children, a satisfactory safety proﬁle has been established
over 30 years of use. Although some concerns remain,
both studies and experience show that serious steroid sideeﬀects are unusual. Regular treatment for more than
4 years with budesonide once daily (200 or 400 lg) was
safe and well tolerated in children from the age of ‡5 years
with newly detected mild persistent asthma (167). Patients
requiring higher doses, which are not licensed, should be
referred to a specialist. This is particularly important in a
minority of children whose parents may adjust doses
upwards or remain highly compliant with treatment
recommendations over long periods of time. Only 40–
50% of patients are still taking the prescribed dose of ICS
after 6 months of treatment (168), potentially biasing
measures of their long-term eﬀects (169). At high doses,
oral candidiasis may arise (170) and ICS use has also been
linked with eﬀects on growth, hypothalamic–pituitary–
adrenal (HPA) axis function and the eyes.
Growth. Well-designed, randomized, controlled trials
demonstrate that steroid use may aﬀect growth in children
within the ﬁrst few weeks or months of treatment, even at
low doses (130, 171–177). This is a class eﬀect that is
inﬂuenced by delivery device, dose, and type of steroid
used (178–183). Dry powder inhalers (DPIs) are associated with suppressive eﬀects at lower doses than metered
dose inhalers (MDIs) with a spacer. For example, budesonide may cause growth suppression at doses of 800 lg/
day from an MDI with a spacer, and budenoside,
ﬂuticasone propionate and beclomethasone diprionate
from a DPI may suppress growth at doses of 200–400 lg/
day (175, 176, 178, 182). Randomized, double blind data
have found that once-daily dosing in the morning may
minimize growth suppressive eﬀects (184). It should be
noted that growth in asthmatic children may also be
aﬀected by a delay in puberty causing a physiological
growth deceleration in prepubertal children (185, 186).
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The deceleration, however, does not aﬀect ﬁnal height,
which will be within the genetic target area. There are no
randomized data to support occasional clinical observations that severe asthma in itself may suppress growth rate
and long-term surveys have found ﬁnal height to be
normal regardless of asthma severity (187, 188).
Hypothalamic–pituitary–adrenal axis. Clinical trials
demonstrate that ICS may cause suppression of the HPA
axis (189–191) and adrenal suppression may occur with
increasing doses (192). Even in children whose growth
does not appear to have been aﬀected, adrenal suppression
cannot be ruled out (193, 194). Currently, no studies can
provide a good basis for practice recommendations;
however, HPA axis evaluation may be performed by specialists using measures of spontaneous cortisol secretion.
Bone. Clinical trial evidence in children receiving longterm low-dose ICS suggests no eﬀect on bone density
(130, 195, 196).
Ocular. Long-term, high-dose ICS exposure increases
the risk for posterior subcapsular cataracts, and, to a
much lesser degree, the risk for ocular hypertension and
glaucoma (192).
LTRA. LTRAs are generally safe and well tolerated
with an overall incidence of adverse events similar to
placebo. Headache and gastrointestinal upset are the
most commonly encountered side-eﬀects, skin rashes or
ﬂu-like symptoms are much less common (153, 160).
LABA. Evidence of an increased risk of severe adverse
events has led the US Food and Drug Administration to
issue a public health advisory concerning LABAs (197). In
particular, use of salmeterol has been linked to a small but
statistically signiﬁcant increase in deaths in patients
>12 years of age if used regularly without ICS (198). At
the time of this report, the European Medicines Evaluation
Agency and other regulatory authorities were evaluating
similar precautions. In addition, some studies suggest
increases in asthma exacerbations and the risk of hospital
admissions in children using LABAs regularly (199).
LABAs should always be used in combination with ICS.
Theophylline. Chronic or acute overdoses can result in
headaches, nausea, vomiting, seizures, hyperglycemia and
gastroesophageal reﬂux. The most severe acute side-eﬀect
is convulsions. Attention deﬁcit and deteriorating school
performance have been observed in some cases (200).

Recommendations
• Height measurements should be performed by trained
staﬀ at every visit
• In children on high ICS doses (beclomethasone
‡800 lg, or equivalent) the possibility of HPA axis
suppression should be considered

• Eye examinations should be considered for children
on high ICS doses, or those receiving ICS through
multiple routes (intranasally for allergic rhinitis,
topically on skin for atopic dermatitis)
• LABAs should never be used regularly without concurrent ICS

Research recommendations
• In children not controlled by low-moderate dose of
ICS the eﬀect of combination therapy of ICS + LTRAs vs ICS + LABAs should be studied and
parameters that predict better response to one or the
other regimen should be identiﬁed
Treatment of severe asthma. In cases of inadequate
asthma control, an increased ICS dose of up to 800 lg
BDP equivalent (201) can be used at the discretion of the
prescribing physician. Patients requiring higher doses
should be referred to a specialist. The eﬃcacy/safety ratio
of routine oral steroids vs high-dose ICS generally favors
ICS. Severe asthma may require regular treatment with
an oral corticosteroid (i.e. daily or every other day). Prior
to treatment, national guidelines on age-related indications should be reviewed.
Asthma control and maintenance therapy must be
assessed regularly and specialist care should be sought
when low-dose ICS plus add-on medication (or doubling
of dose of standard ICS) are not adequate. Triple
therapy with ICS, LTRAs and LABA can also be
attempted before resorting to oral corticosteroids (202).
If good control has been achieved and maintained,
consideration should be given to gradually reducing
maintenance therapy. Regular reassessments are necessary to ensure that adequate control is maintained and
the minimum therapy needed to maintain acceptable
asthma control is established. Severe asthma in children
is uncommon and its presence should prompt careful
consideration of the diﬀerential diagnostic possibilities as
well as the potential for lack of adherence to prescribed
treatment regimens.
Management of children aged 0–2 years. The 0–2 year age
group is the most diﬃcult to diagnose and treat because
the evidence base in this age group is limited. (See Box 1
for stepwise treatment procedure in this age group).
Persistent asthma begins in the preschool years and
alterations in lung structure and function that are present
at this time may determine asthma status and lung
function throughout childhood and adolescence (11). It is
not clear how frequent the childÕs obstructive episodes
should be before continuous ICS or LTRA therapy is
instituted according to the atopic or nonatopic phenotype. Although a Cochrane review reported no clear
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Box 1. Asthma treatment in children aged 0–2 years
• Consider a diagnosis of asthma if >3 episodes of
reversible bronchial obstruction have been documented within the previous 6 months
• Intermittent b2 agonists are ﬁrst choice (inhaled, jet
nebulizers in the US and oral in Europe) despite
conﬂicting evidence
• LTRA daily controller therapy for viral wheezing
(long- or short-term treatment)
• Nebulized or inhaled (metered-dose inhaler and
spacer) corticosteroids as daily controller therapy
for persistent asthma, especially if severe or requiring frequent oral corticosteroid therapy
• Evidence of atopy/allergy lowers the threshold for
use of ICS and they may be used as ﬁrst-line
treatment in such cases
• Use oral corticosteroids (e.g. 1–2 mg/kg prednisone)
for 3–5 days during acute and frequently recurrent
obstructive episodes

evidence of the beneﬁt of b2-agonist therapy in the
management of recurrent wheeze in this age group (203),
the evidence is conﬂicting and some studies have reported
beneﬁt (204–206). LTRAs have reduced asthmatic episodes in children aged 2–5 years (158), and there is some
evidence that they may be beneﬁcial in the 0–2 age group
(156). However, it is debatable whether a reduction from
2.34 to 1.60 episodes per year, as seen in this large study,
justiﬁes the use of LTRAs.
In smaller, double-blind, randomized controlled trials,
infants characterized as having mild persistent (207) or
severe (208) asthma and treated with nebulized corticosteroids (i.e. budesonide) had less day- and night-time
asthma symptoms and fewer exacerbations. In a study of
young children with severe, corticosteroid-dependent
asthma, nebulized budesonide reduced day- and nighttime asthma symptoms while concurrently reducing oral
corticosteroid requirement (209). However, several studies have reported that use of inhaled corticosteroids in
early infancy has no eﬀect on the natural history of
asthma or development of wheeze later in childhood (151,
152).
Management of children aged 3–5 years. First-line treatments in this group include ICS (210) and LTRA in
children with intermittent (158) or persistent (153)
disease. See Box 2 for stepwise treatment procedure in
this age group (see also Fig. 2).
Management of acute asthma episodes. Steps for the
management of acute asthma attacks are provided in
Box 3. Note that airway obstruction in children with acute
asthma improves faster on oral rather than ICS
(211).Management of exercise-induced asthma. Exercise
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Box 2. Asthma treatment in children aged 3–5 years
• ICS are the ﬁrst choice, budesonide 100–200 lg · 2
or ﬂuticasone 50–125 lg · 2 by MDI
• Short-acting b2 agonists, salbutamol 0.1 mg/dose
or terbutaline 0.25 mg/dose 1–2 puﬀs at 4-h
intervals as needed
• LTRA can be used as monotherapy instead of
ICS if symptoms are intermittent or mild persistent
• If full control is not achieved with ICS, add
LTRA montelukast 4 mg granules or 4 mg
chewing tablet
• If control still not achieved consider the
following (nonsequential) options:
• Add LABA at least intermittently (although
note lack of published evidence supporting use
in this age group)
• Increase ICS dose
• Add theophylline

induced asthma is a common clinical presentation of
asthma that occurs in 70–80% of children with asthma
who do not receive anti-inﬂammatory treatment (69).
Most children with exercise-induced asthma are allergic
and allergen-speciﬁc treatment should be part of their
management. Exercise-induced asthma without other
manifestations of asthma can usually be controlled by
short-acting inhaled b2 agonists taken 10–15 min before
exercise (212, 213). When combined with other asthma
symptoms, exercise-induced asthma is best controlled with
ICS either alone or in combination with reliever treatment
(214). Recent evidence suggests that LTRAs may be an
alternative option to ICS in exercise induced asthma, since
they have a quick, consistent, and long-lasting eﬀect in
preventing the fall in FEV1 after exercise challenge (215).
Regular use did not induce tolerance against their
protective eﬀects (216).
If full control is not achieved with ICS, add:
(a) inhaled short-acting b2 agonist before exercise,
(b) LTRA in addition to ICS,
(c) inhaled LABA in addition to ICS.
There is a possibility of developing tolerance to inhaled
b2 agonists used on a regular basis (217). In some
patients, the combination of ICS, LTRA and inhaled
LABA may be needed to prevent exercise-related symptoms. Ipratropium bromide may be tried after individual
assessment, but is usually added to other treatments. In
certain circumstances (i.e. in asthmatic athletes with
obvious exercise-induced asthma, but not satisfying the
requirements set up by World Anti-Doping Agency and/
or International Olympic Committee medical commission
for using inhaled steroids) LTRA alone may be tried, but
should be clearly followed up for assessment of treatment
eﬀect. Note that lack of response to treatment may
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Box 3. Stepwise treatment for acute asthma episodes.
Begin at ﬁrst step available depending on whether patient
is treated at home, in GPÕs oﬃce or in hospital
• Inhaled short-acting b2 agonists (spacer): Two to
four puﬀs (200 lg salbutamol equivalent) every
10–20 min for up to 1 h. Children who have not
improved should be referred to hospital
• Nebulized b2 agonists: 2.5–5 mg salbutamol equivalent can be repeated every 20–30 min
• Ipratropium bromide: This should be mixed
with the nebulized b2 agonist solution at 250 lg/
dose and given every 20–30 min
• High-ﬂow O2 (if available) to ensure normal oxygenation
• Oral/i.v. steroids: Oral and i.v. glucocorticosteroids
are of similar eﬃcacy. Steroid tablets are preferable
to inhaled steroids (a soluble preparation is also
available for those unable to swallow tablets). A dose
of 1–2 mg/kg prednisone or prednisolone should be
given (higher doses may be used in hospital). Treatment for up to 3 day is usually suﬃcient
• Intravenous b2 agonists: The early addition of a
bolus dose of i.v. salbutamol (15 lg/kg) can be an
eﬀective adjunct, followed by continuous infusion of
0.2 lg/kg/min
• High dependency unit: children should be transferred to a pediatric intensive care unit if there is a
downhill trend and oxygenation cannot be maintained. Small children with limited ventilatory
reserves are at particular risk of respiratory failure*
*Aminophylline can be used in the ICU setting for severe or
life-threatening bronchospasm unresponsive to maximum
doses of bronchodilators and steroid tablets. A dose of
6 mg/kg should be given over 20 min with ECG monitoring,
followed by continuous i.v. dosing. Special caution is
necessary when factors modifying aminophylline metabolism
are present.

indicate misdiagnosis of exercise-induced asthma and
patients may require reassessment.
Diﬃcult asthma. Diﬃcult (i.e. therapy-resistant) asthma –
as indicated by frequent use of short-acting b2 agonists
despite high dose ICS treatment – may present atypically,
be infrequent and yet life-threatening and nonresponsive
to treatment. Diﬃcult asthma needs comprehensive
assessment and meticulous exclusion of other causes of
asthma-like symptoms (218–220). Lack of compliance and
unrecognized adverse environmental inﬂuences should
always be considered.
Use of inhalers. The preferred method of administration
of ICS and b2 agonists is an MDI with a spacer or a DPI.
However, there may be cases where a compressor-driven

Table 2. Age-dependent inhalant devices
Inhalation device

Age group

Inhalation technique

Nebulizer
Pressurized metered
dose inhaler

All
0–2 years

Tidal breathing
5–10 tidal breaths through nonelectrostatic
holding chamber (small volume) with
attached face mask/activation
5–10 tidal breaths through nonelectrostatic
holding chamber (small or large volume)
with mouthpiece/activation
Maximal slow inhalation followed by 10 s
breath hold through nonelectrostatic
holding chamber (small or large volume)
with mouthpiece/activation
Deep and fast inhalation followed by a 10-s
breath hold/activation

3–7 years*

>7 years

Dry powder inhaler

>5 years

*Maximal slow inhalation should be attempted as early as possible since some
young children can be compliant.

nebulizer is preferable due to lack of response, severity of
attack, personal preference or convenience. Diﬀerences
from adults are greatest for children under 4–5 years of
age, who are unable to use DPIs or unassisted MDIs.
Therefore, they must rely on nebulizers and MDIs
with valved holding chambers for inhaled drug delivery
(221).
Table 2 shows the age-dependent outcomes of appropriate inhaler devices, MDIs and spacer products that
are at least equivalent to nebulizer delivery of b2
agonists in acute asthma. Evidence is more reliable for
children >5 years than for younger children (222–224).
For maintenance therapy it is important to choose an
age-appropriate device that requires the least cooperation, achieves the highest compliance and thus the
greatest clinical eﬃcacy and good cost–beneﬁt ratio
(225).
Other options. Omalizumab is a recently introduced
monoclonal antibody that binds to IgE. It is licensed
for children 12 years of age and older with severe,
allergic asthma and proven IgE-mediated sensitivity to
inhaled allergens. In such patients, omalizumab reduces
the risk of severe exacerbations (165, 226). Omalizumab
is administered via subcutaneous injection every
2–4 weeks, depending on patient weight and total serum
IgE level.
Macrolide antibiotics have recognized anti-inﬂammatory properties in addition to their antimicrobial eﬀects.
Although some beneﬁts have been reported in adults
with chronic persistent asthma, a meta-analysis of seven
randomized, controlled clinical trials involving both
children and adult patients (n = 416) with chronic
asthma and treated with macrolides or placebo for
more than 4 weeks reported insuﬃcient evidence to
support or to refute their use in patients with chronic
asthma (227).
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Recommendations
• Treatment of airway inﬂammation leads to optimal
asthma control
• Until further evidence of eﬀectiveness and long-term
safety are available LABAs should not be used
without an appropriate ICS dose
• The choice of inhalation device is important. In
general, select the device which is preferred by the
patient, hence more likely to be used as directed, and
is clinically eﬃcacious

Research recommendations
• There is a clear need for additional clinical trials in
children under 5 years of age
• More studies to establish which biomarkers accurately reﬂect disease control in order to rapidly
identify responses to diﬀerent treatments
• Establish the role of viral infections in precipitating
obstructive airway symptoms and the role of antiviral
agents as potential asthma medications
• The potential beneﬁts of polytherapy vs monotherapy
on both asthma control and the natural course of the
disease
• Pharmacovigilance studies of long-term ICS prophylaxis to establish whether there are any signiﬁcant
long-term adverse eﬀects, including on the eyes and
on bone density

Immunotherapy
Allergen immunotherapy is the administration of increasing doses of speciﬁc allergen(s) over prolonged periods of
time until a therapeutic level is reached that provides
protection against allergic symptoms associated with
natural exposure to the allergen. Such immune modulation is the only way of permanently redirecting the disease
process of allergic (atopic) asthma (228).
Preventive eﬀect. Speciﬁc immunotherapy can prevent
sensitization to other allergens (229, 230). It can also
improve asthma, prevent progression from allergic rhinitis to asthma (231, 232) and reduce the development of
asthma in children with seasonal allergies (233, 234). The
eﬀect of immunotherapy appears to continue after
treatment has stopped, resulting in prolonged clinical
remission of allergic rhinitis symptoms (235).
Eﬃcacy. Based on a meta-analysis of 75 studies, immunotherapy can be recommended for individuals with
asthma who have proven sensitization to allergens (229).
Eﬃcacy of immunotherapy will depend on the quality of
the extracts used.
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Subcutaneous injection: Well-conducted studies show
that injection immunotherapy reduces the use of asthma
medications and consistently improves asthma symptoms,
including bronchial hyperreactivity and bronchospasm
(229). Signiﬁcant clinical beneﬁt has been reported 6 years
(236), and even 12 years (237) after discontinuation of
preseasonal grass pollen immunotherapy in childhood.
There is also some evidence that injection immunotherapy
is cost eﬀective in patients 16 years of age and older (238).
Sublingual: Sublingual immunotherapy (SLIT) may be
a safe and eﬀective alternative to subcutaneous injections
in children (239), although eﬃcacy in young children
under 5 years of age is less well documented (240). A
systematic review concluded that SLIT has only low-tomoderate clinical eﬃcacy in children with mild-to-moderate persistent asthma who are at least 4 years old and
sensitized only to house-dust mites (241). The analysis
failed to ﬁnd evidence for use in seasonal allergic rhinitis,
despite a prior recommendation for use in this indication
from the ARIA Workshop Group (242). However, a
recent meta-analysis shows that compared with placebo,
SLIT with standardized extracts is eﬀective in pediatric
patients with allergic rhinitis (243).
The safety of SLIT has not been adequately addressed in
severe asthma and anaphylaxis from SLIT has been
reported (244). Recent data indicate superior eﬃcacy of
this form of immunotherapy for allergic rhinitis and
conjunctivitis and thus potentially for grass pollen induced
asthma in patients aged 18 years or more (245). Although
there is some evidence that high doses may be eﬀective,
they are not licensed and need further study in children.
Injection vs SLIT: There are reports of severe and fatal
anaphylaxis following subcutaneous injection immunotherapy (229, 246). Eﬀective SLIT may, therefore, be an
attractive alternative to injection for children, parents and
physicians, although it is not entirely side-eﬀect-free.
Although some studies have compared injection and
SLIT in children and reported similar eﬃcacy (247, 248),
deﬁnitive evidence of the eﬃcacy of SLIT is lacking.
Patient selection. The treatment of allergic disease should
be based on allergen avoidance, pharmacotherapy, allergen immunotherapy, and patient education. The combination of immunotherapy with other therapies allows a
broad therapeutic approach that addresses the pathophysiological mechanism of allergy with the aim of
making patients as symptom free as possible (242). Early
institution of immunotherapy may be recommended not
only as a therapeutic measure, but also as a prophylactic
measure to prevent rather than reduce bronchial inﬂammation, particularly in children. Asthma without allergic
sensitization is not an indication for immunotherapy.
Precautions. Injection immunotherapy should be performed only by trained personnel in the presence of a
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physician who is experienced in its use. Although
immunotherapy is usually safe, some precautions should
be taken:
• Therapy should be carried out in an appropriate
setting where emergency treatment, including adrenaline (epinephrine), oxygen, corticosteroids, and basic
life support, is possible
• Patients should remain in the clinic for at least 30 min
following injection to allow monitoring for adverse
events
• If the patient develops side-eﬀects while in the clinic,
emergency treatment (e.g. intramuscular adrenaline
for anaphylactic reaction, and oxygen) should be
administered and the patient stabilized before transfer to hospital
• Patients should be adequately informed about possible side-eﬀects of immunotherapy as well as the
potential beneﬁts

Recommendations
• Consider immunotherapy with appropriate allergens
for allergic asthma and within the licensed indications
only when the allergenic component is well documented and reliable allergen extracts are available
• Use immunotherapy in addition to appropriate
environmental control and pharmacotherapy
• Immunotherapy is not recommended when asthma is
unstable; on the day of treatment, patients should
have few, if any, symptoms and pulmonary function
(FEV1) of at least 80% of the predicted value
• Sensitization to more than one allergen is not a
contraindication for immunotherapy but can reduce
its eﬃcacy due to the need to limit the allergen dose
when several allergens are being administered concurrently
• Age is not an absolute contraindication – such therapy can be used from 3 years of age, although with
caution and only by well-trained staﬀ in specialist
centers as this is well below the current licensed age
limit
• Patients should be able to comply with regular
treatment

Research recommendations
• Large-scale clinical trials of SLIT with prolonged
treatment periods, commercially available allergen
extracts and well-standardized protocols are needed
• The role of allergen containing tablets in younger
children and for a greater allergen spectrum needs to
be explored

Education
A meta-analysis of 32 studies of self-management education programs for asthmatic children reported improvement in a range of asthma outcomes (249). Beneﬁts have
been reported for children under 5 years of age (250, 251)
and in 7- to 14-year olds (252). School-based educational
programs involving staﬀ asthma training, advice on
asthma policy, emergency b2-agonist inhaler, and classroom asthma workshops are also beneﬁcial (253). Since
education is an essential aspect of disease management,
the level required should be determined at diagnosis and
the course should begin as soon as possible. In addition,
asthma updates should be included in continuing medical
and professional education programs.
Planned educational strategies. Education should increase
knowledge of the disease, allay fears about medication
and increase communication between children, caregivers
and healthcare providers. Parents should be made aware
of the beneﬁts as well as the potential risks of all therapies
and reassured that side-eﬀects may be minimized at the
correct dose. Lack of adherence to treatment plans has
been associated with poor outcomes (254, 255) and
parents are frequently concerned about the need for ÔlifelongÕ treatment. Hence, it needs to be pointed out that,
for children with moderate–severe asthma, daily medication is much more eﬀective than intermittent treatment.
Long-term beneﬁts may not be appreciated by young
people, so the short-term beneﬁts of regular prophylactic
therapy should be emphasized. Patient self-conﬁdence
should also be built up, and the need for psychological
support for some parents may be considered.
The minimum requirement in asthma education is faceto-face interaction and a review of individual treatment
plans at every consultation. Ideally, a three-tier education
program that considers disease severity, stage of development, and the need for information should be implemented.
The program includes:
1. Education following diagnosis – for the asthmatic
child and (at least) one parent:
The level of education given should be based on the
severity of disease and the age and developmental status
of the child. Children under 5 years of age should receive
practical instruction on inhaler use, while their parents
should receive both practical training in the use of inhaler
devices and strategies for managing episodes together
with an outline of the underlying mechanisms of the
disease. Children aged 5–13 years and their parents
should be oﬀered both practical and theoretical asthma
education. Adolescents need to be directly engaged in all
aspects of their disease management in order to ensure
optimal management.
The program should use clear visual aids designed for
nonprofessionals. Written materials should be presented
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Table 3. Educational tools – to be adapted to the developmental status of the child
Target group

Essential requirements

Optional measures

Group 1: <6 years

Focus on parental education

Group 2: 6–8 years

Colors and symbols to depict
different types of medication,
differentiating slow and
fast-acting effects
Experience with
exercise-induced
bronchospasm

Asthma videos/DVDs/games/interactive programs (250)
Asthma picture books – simply illustrated and formatted to appeal to this developmental stage (250)
Role of the day care centre
Physical games illustrating the disease, e.g. narrowing tunnels and constricted airways
DVDs, interactive programs, electronic games, internet searching, etc.
Quizzes and challenges, e.g. parent vs child
Role of the school in health education
How to use peak flow
Brochures and leaflets
DVDs, interactive programs, electronic games internet searching, etc
Quizzes and challenges, e.g. parent vs child
Asthma/school nurse-led education in cooperation with teacher
Peer-led initiatives/teaching within the peer group
Communicating burden disease via novel methods, e.g. personal films, video diaries, song, art, etc.
How to use peak flow
Brochures and leaflets
Internet/chat rooms
Asthma camps (without parents, with parallel short parental education programs)
Patient organizations/support groups
Youth exchange programs
Internet/chat rooms
Patient organizations/support groups
Leaflets and brochures

Group 3: 9–12 years

Group 4: 13–18 years

Experience with
exercise-induced
bronchospasm

Group 5: Parents

ÔFirst informationÕ courses –
healthcare professional led
presentation and discussions
on asthma
Continuing medical education/
continuing professional
development

Group 6: Healthcare
professionals
(physicians, nurses and
allied health
professionals)

University and teaching hospital curricula
Professional societies (national and local)
Self education via internet, videos, journals, congresses, etc.

using simple words at the ﬁfth grade reading level. The
initial session should clearly explain that:
• Asthma is a chronic inﬂammatory disease
• Symptoms of asthma are not always obvious
• The causes and potential triggers of asthma include
infections, rhinitis, allergens, exercise, cold air, and
environmental factors (particularly tobacco smoke)
• In moderate–severe asthma, it is essential to take
daily medication, even in the absence of symptoms.
2. Structured education – for the asthmatic child and
parents:
Essential tools and methods for educating this group
are described in Table 3. Structured and intensive education should be received by children with moderate
persistent, or severe persistent asthma. Children who
meet the following conditions may also be targeted:
•
•
•
•

Acute severe asthma
Problems with adherence
Asthma-induced anxiety in the child or parents
Bad experience with asthma, e.g. fatality in a close
family member, severe adverse eﬀects from oral corticosteroids in a close family member
• Poor perception of severe symptoms or poor perception by parents
• Poor adherence of the family and the patient
• Lack of peer support.
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3. Education of other caregivers:
In addition to the children and their parents, all others
involved in caring for children should be made aware of
the childÕs asthma.
Education for healthcare professionals. Primary care physicians: Primary care physicians play a central role in the
diagnosis and treatment of children with asthma. They
should also be able to recognize and treat both asthma
and acute asthma attacks in accordance with local
guidelines. Physicians should also be aware of when
patients should be referred to a specialist in pediatric
asthma. Curricula in universities and teaching hospitals
should include a focus on asthma diagnosis and
treatment.
Nurses: Any member of this group who deals with
asthmatic children must be trained to advise on asthma,
according to national guidelines (6). Specialist asthma
nurses should play a key role in educating other allied
health professionals.
Pharmacists: Asthma specialists should have responsibility for organizing structured education on asthma for
all pharmacists in their area.
Health education workers and patient support groups:
These groups may participate in asthma education of
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parents and other nonmedical workers and the general
public provided that they follow national guidelines and
ensure consistency of educational messages.
Education for health authorities and politicians. Health
authority representatives and politicians need education
on asthma to ensure prioritization of the disease and
allow adequate organization and provision of care.

Recommendations
• Asthma education is an integral part of asthma
management and must be oﬀered to all parties
involved

Research recommendations
• Long-term studies on cost–beneﬁt of asthma education are needed in clearly deﬁned age and diseaseseverity groups

Monitoring
The monitoring recommendations discussed below assume that the asthma diagnosis has been conﬁrmed and
that a treatment plan is in place. The recommendations
emphasize practical procedures and assessments appropriate for routine clinical practice.
Signs and symptoms
Monitoring the signs and symptoms of asthma involves
parents, children and physicians and should take place
both in the clinic and at home.
History. A history should be taken as described in the
Diagnosis section. In addition, the frequency, severity,
and causes of asthma exacerbations should be ascertained. Worsening disease may be indicated by increased
use of rescue medication and need for oral corticosteroids
(256–258), unscheduled visits to health care providers, use
of emergency care and hospitalizations.
Physical examination. Physical examination should
include assessment of the childÕs height and weight, along
with respiratory signs and symptoms (see Diagnosis
section). Although physical examination alone is less
reliable for assessing airway obstruction than lung
function measurement (125, 259), signs of chest wall
retraction and, rarely, chest wall deformity may provide
evidence of obstruction in infants and young children.
The nasal airway should also be assessed.

Deﬁning and evaluating asthma control. Asthma control
has become the main assessment focus of the new 2006
GINA asthma management guidelines (see Box 4) (6) and
is proposed as a major assessment focus of the new NIH/
NHLBI-sponsored National Asthma Education and
Prevention Program Expert Panel Report 3 guidelines.
However, it should be noted that the GINA deﬁnition of
control refers primarily to adults. Children (particularly
preschool children) may experience 1–2 exacerbations per
year and their asthma can be considered controlled
provided they have no symptoms outside the exacerbation.
Box 4. Well-controlled asthma in children according to
2006 GINA Global Strategy for Asthma Management (6)
and the Expert Panel Report 3 (EPR 3): Guidelines for
the Diagnosis and Management of Asthma (260)
• Asthma is well controlled when all of the following
are achieved and maintained:
• Daytime symptoms twice or less per week (not
more than once on each day)
• No limitations of activities due to asthma
• Night-time symptoms 0–1 per month (0–2 per
month if child is ‡12 years)
• Reliever/rescue medication treatment twice or
less per week
• Normal lung function (if able to measure)
• 0–1 exacerbations in the last year

Factors associated with poor asthma control include
exposure to environmental tobacco smoke and poor
parental perception of the psychosocial aspects of asthma
(261). A number of tools that allow parents and children
to record and describe symptoms have been shown to be
helpful:
• The ÔAsthma Quiz for KidzÕ is a short questionnaire
that can be used by children and parents of infants
(262)
• The Asthma Control Test (ACT) (for children
>12 years) and the Childhood ACT (for children 4–
11 years), patient-based tools for identifying patients
with inadequately controlled asthma (263–265)
• Patient diaries correlate with physiologic measures
when used by older children (266), although their
reliability has been questioned (267).
Adherence/compliance. Poor adherence to recommended
therapy is common and studies in children report that 30–
60% of patients do not use their medication regularly
(254, 255). In clinical trial settings, adherence can be more
rigorously monitored by methods, such as canister
weighing, pill counting or the use of electronic recording
devices embedded in inhaler devices (255). Less precise
estimates can be made by comparing dispensed medica-
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tion with expected use (268). In routine practice, evaluation can include asking parents/children a series of
questions in a nonthreatening manner while acknowledging that most people forget to take their medicines at
some time. Questions include:
• How many times did you forget to take your medication last week? …last month?
• Do you more often remember than forget to take
your medication?
• When did you last take your medication? Which
medication did you take?
• Are you taking your medication by yourself? (Schoolage children).
Pharmacotherapy. Success of pharmacotherapy will depend not only on adherence to the regimen, but on how
well inhalers are used. Assessment of inhaler technique is
particularly important if symptom control is poor (269).
Regular and consistent follow-up is important in maintaining good asthma control, prescribing and adjusting
therapy and encouraging compliance/adherence. Asthma
symptoms can be characterized using a series of questions
(Table 4).

Table 4. Follow-up visits: sample questions for routine clinical monitoring of
asthma*
Signs and symptoms

Exacerbation history

Environmental control

Pharmacotherapy

Recommendations
Ask targeted, age-speciﬁc questions with respect to:
• Asthma symptoms
• Adherence (compliance)
• Asthma exacerbations

Side-effects

Lung function
PEF and FEV1 are the most useful lung function tests (see
Diagnosis section). There is evidence suggesting that lung
function monitoring may improve asthma control as part
of a written action self-management plan (6, 9), and that
these tests may be useful in children with poor symptom
perception (270). However, there is only one randomized,
controlled trial examining routine use of PEF and FEV1
measurement in the home setting, which concluded that
PEF recording did not enhance asthma self-management
(271). In addition, there is evidence of fabrication and
erroneous reporting of peak ﬂow data among children
(272, 273).
FEV1 is the standard reference measurement for
assessing airway function in lung disease, but its utility
in childhood asthma monitoring is less certain. FEV1 is
an independent predictor of asthma attacks in children
(274) and it appears to identify changes with time, but
values expressed as [FEV1% predicted] poorly reﬂect the
severity of symptoms and medication use (131, 132).
Values of FEV1/forced vital capacity (FVC) ratio and
maximal mid-expiratory ﬂow [forced expiratory ﬂow
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Quality of life/functional
status

Inhaler technique

Monitoring patient-provider
communication and
patient satisfaction

Is your asthma better or worse since your last
visit?
In the past 2 weeks, how many days have you:
Had coughing, wheezing, shortness of breath,
or chest tightness?
Awakened at night because of symptoms?
Awakened in the morning with symptoms that
did not improve within 15 min of using a
short-acting inhaled b2 agonist?
Had symptoms while exercising or playing?
Had symptoms of allergic rhinitis?
Since your last visit, have you had any episodes/
times when your asthma symptoms were a lot
worse than usual? If yes:
What do you think caused this?
What actions did you take?
Have there been any changes in your home or
work environment?
Are there new pets or new contact with pets
elsewhere?
What is the current smoking status of the family?
To adolescents:
Do you have any significant contact with
smokers (e.g. discos, etc.)?
Do you smoke?
What medications are you taking?
How often do you take each medication?
How much do you take each time?
Have you missed or stopped taking any regular
doses for any reason?
How many times have you forgotten your
medication this week? …this month?
Have you tried any other medicines or remedies?
Has your asthma medicine caused you any
problems? For example:
Shakiness, nervousness, bad taste, sore
throat, cough, upset stomach, hoarseness,
headache
Since your last visit, how many days has your
asthma caused you to:
Miss school?
Reduce your activities?
Change your routine because of your childÕs
asthma? (Parents/caregivers)
Please show me how you use your inhaler
Please show me how you measure your peak
flow
What did you do the last time you had an
exacerbation of symptoms?
Did you have any problem taking the
medication?
LetÕs review some important information:
When should you increase your medications?
Which medication(s)?
When should you call me [your doctor or nurse
practitioner]?
Do you know the after-hours phone number?
If you canÕt reach me, what emergency
department would you go to?

*This questionnaire can be given by an asthma nurse to the parents, caregiver or
patient prior to the visit.
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(FEF) 25–75%], or by inference FEF measured at 50% of
expired vital capacity (FEF 50%), have been found to
relate well to asthma severity as assessed by medication
requirements, or a combination of symptom reports and
medication requirements (132). No such relationship has
been found for symptom reports alone, suggesting a
disconnect between perception and degree of airﬂow
obstruction.
Routine use of spirometry in pediatric clinics is now
commonplace due in part to advances in the miniaturization of equipment. It should be performed at each
patient visit to identify patients at risk for progressive loss
of lung function. However, appropriate operator training
and support is required to ensure reliable and reproducible results (275).
Exercise testing. Peak ﬂow and/or spirometry can be
evaluated during and after a free running test (6 min)
(276, 277) or treadmill test (278). Heart rate should
exceed 170 beats per minute during the test and evaluation should be performed during the test and at 5, 10 and
20 min after the exercise test. The test can be used when
the patient has taken their usual medication to monitor
correct dosing and evaluate the need for additional
therapy.

Recommendations
• Long-term monitoring of PEF and FEV1 at home are
unlikely to contribute to asthma control unless part
of written and mutually agreed asthma management
plan
• In the clinic setting, spirometry – particularly FEV1/
FVC ratio and mid-expiratory ﬂow – has a role in
detecting unrecognized airﬂow obstruction
• Spirometry has a role in assessing asthma status and
should be performed at least once a year in children
with asthma
• Monitoring of PEF in severe asthma cases, or in poor
symptom perceivers, may have a role in identifying
early onset of exacerbations
• PEF variability may contribute to the assessment of
exercise-induced bronchospasm and reinforce the
need for appropriate therapy
• Consider exercise testing in patients with reported
exercise-induced asthma and in patients who are
regular participants in sporting activities
Exhaled nitric oxide. ENO is useful as an adjunct to
routine clinical assessment in the management of asthma
(279). It is a good marker of eosinophilic airway
inﬂammation in both children (280) and adults (281)
with asthma and since eNO levels are aﬀected by steroid
therapy, they can be used to assess whether airway

eosinophilic inﬂammation is under control (128) or to
predict beneﬁt from ICS therapy (149, 282).
Measurement of eNO is a noninvasive procedure that
is easily performed in children (283). In children with
asthma, titration of ICS based on eNO measurement did
not result in increased ICS doses and was associated with
reduced airway hyperresponsiveness compared with
titrating according to symptoms alone (284). In one
high-quality study in adults, changes in therapy aimed at
controlling eNO levels led to the use of a lower ICS dose
to maintain the same degree of asthma control (285).
Monitoring eNO levels may also help in predicting
asthma relapse in children after discontinuation of
steroids (286). In addition, eNO levels may predict failure
of ICS reduction attempts in children with good symptom
control (287). Where available, nasal nitric oxide (nNO)
may also provide useful information, since it is raised in
the presence of nasal inﬂammation, but lowered when
there is sinus obstruction or nasal polyps, and is
particularly low in primary ciliary dyskinesia (288).
Guidelines for standardized eNO measurement have
been developed (289, 290), and normal reference values
with the recommended technique are available for children 4–17 years old (291).
Exhaled breath condensate. Collection of exhaled breath
condensate is a new and promising method of collecting
lung samples to measure a variety of variables, including
isoprostanes, leukotrienes, pH and some cytokines. It can
be used in children starting from the age of 4–5 years.
However, this method has not yet been fully validated
and cannot be recommended in routine clinical practice
for assessing airway inﬂammation (292).

Recommendations
• eNO is a simple test that is helpful in evaluating
eosinophilic airway inﬂammation in childhood asthma
• eNO may contribute to the optimization of ICS
treatment
• eNO may be useful in identifying children in whom
ICS can be safely reduced or withdrawn

Research recommendations
• Adequately powered, randomized, controlled trials of
home monitoring of FEV1/FVC ratio and mid-expiratory ﬂows in the management of asthma is required
• Adequately powered, randomized, controlled trials of
eNO in routine asthma management is required
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• Validation of appropriate assessment techniques of
airway function and airway inﬂammation in infants
and young children is required
• Identiﬁcation of the role of induced sputum and expired condensates in routine monitoring
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