
ERS TASK FORCE

Respiratory medicines for children: current

evidence, unlicensed use and research

priorities
A.R. Smyth, A. Barbato, N. Beydon, H. Bisgaard, K. de Boeck, P. Brand, A. Bush,
B. Fauroux, J. de Jongste, M. Korppi, C. O’Callaghan, M. Pijnenburg, F. Ratjen,
K. Southern, D. Spencer, A. Thomson, H. Vyas, A. Warris and P.J. Merkus

ABSTRACT: This European Respiratory Society task force has reviewed the evidence for

paediatric medicines in respiratory disease occurring in adults and children. We describe off-

licence use, research priorities and ongoing studies.

Off-licence and off-label prescribing in children is widespread and potentially harmful.

Research areas in asthma include novel formulations and regimens, and individualised

prescribing. In cystic fibrosis, future studies will focus on screened infants and robust outcome

measures are needed. Other areas include new enzyme and antibiotic formulations and the basic

defect. Research into pneumonia should include evaluation of new antibacterials and regimens,

rapid diagnostic tests and, in pleural infection, antibiotic penetration, fibrinolytics and

surveillance. In uncommon conditions, such as primary ciliary dyskinesia, congenital pulmonary

abnormalities or neuromuscular disorders, drugs indicated for other conditions (e.g. dornase

alfa) are commonly used and trials are needed. In neuromuscular disorders, the b-agonists may

enhance muscle strength and are in need of evaluation. Studies of antibiotic prophylaxis,

immunoglobulin and antifungal drugs are needed in immune deficiency.

We hope that this summary of the evidence for respiratory medicines in children, highlighting

gaps and research priorities, will be useful for the pharmaceutical industry, the paediatric

committee of the European Medicines Agency, academic investigators and the lay public.
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INTRODUCTION
Over half of children in Europe who are prescribed medicines in
hospital receive a medication that is either ‘‘unlicensed’’ or ‘‘off
label’’ [1]. ‘‘Unlicensed’’ use occurs when there is no manu-
facturing authorisation in children (and sometimes none in
humans). This includes drugs that are modified to produce a
suitable paediatric formulation. There may be some evidence of
safety and efficacy for off-licence use, but not of the standard
required for a marketing authorisation. ‘‘Off-label’’ use refers to
the use of a licensed medication outside the terms of its
manufacturing authorisation. For example, a drug may have a
manufacturing authorisation but be used in a unapproved
regimen (e.g. intermittent use of montelukast). Although there
may be some evidence for this approach, this is not sufficient to
grant a manufacturing authorisation. Another example of off-
label use is where a drug licensed in older children is used for
younger children, where the pathology of the condition is
different, e.g. dornase alfa in children aged under 5 yrs with
cystic fibrosis (CF). These examples of prescribing off-label
involve uses that do not have sufficient evidence for safety and
efficacy and it arises because, until recently, there have been
important obstacles to developing medicines for paediatric use.

In order to tackle the problem of paediatric drug development
being delayed (or not taking place at all), there have recently
been important changes in the regulatory environment for
clinical studies of children’s medicines [2]. The European Union
(EU) paediatric regulation now requires every drug in develop-
ment to have a paediatric investigation plan (with the incentive
of 6 months’ extra market exclusivity if this is followed). These
plans are reviewed by the paediatric committee of the European
Medicines Agency (EMEA). There are incentives to undertake
clinical trials in off-patent medications where the evidence for
their use in children is lacking. There has also been a move to set
up a European clinical trials network in medicines for children,
with national networks already established in some EU member
states, such as the UK [3].

This report summarises the work of one of two European
Respiratory Society (ERS) task force groups set up to review
the evidence for the use of respiratory medicines in children,
identify off-licence and off-label prescribing and suggest
priorities for future clinical research. Where there is an
established research programme undertaken by pharmaceu-
tical or academic researchers (e.g. into drugs correcting the
basic defect of CF), then we have not listed this as a priority.
This is not because these areas are not important, but because
clinical trials are already underway or planned. This report is
confined to medicines used for eight major respiratory
disorders, occurring in both adults and children (see
Contents list). Medications used for conditions exclusive to

children are reported in a separate document [4]. A task force
report on viral-induced wheeze in preschool children has been
published [5].

The studies described in this task force report have been
identified from a search of Medline, using appropriate MESH
terms for each section, use of Cochrane systematic reviews,
and studies known to the task force members. We have also
listed studies which are ongoing, based on the direct know-
ledge of task force members and a search of publicly available
clinical trials registers. Information regarding the marketing
authorisation for drugs discussed in this review has been taken
from the Summary of Product Characteristics (SPC). These are
available in the Medicines Compendium [6]. However,
licensing regulations may be subject to the laws of individual
EU member states and readers are advised to consult their
national regulations.

ASTHMA

Inhaled and oral corticosteroids, old and new
Evidence base
Since asthma was recognised as an inflammatory disease of the
airways, inhaled corticosteroids (ICS) have become the main-
stay of asthma therapy in children. In school-aged children and
adolescents, ICS have been shown to improve symptoms,
rescue medication use, lung function, airway hyperrespon-
siveness, quality of life and exacerbation rates [7, 8]. Most
children with asthma on low-dose ICS treatment attain
adequate control of their asthma and normal lung function
[9]. Both the magnitude of the beneficial effect and the amount
of variables that improve during treatment are superior to
other treatment options [7, 10–12].

There are some differences between different ICS in their
potency and their risk of side-effects. Regular dose (up to
400 mg per day of budesonide equivalent) ICS therapy is safe,
for both short- and long-term treatment. For example, although
a mild attenuation of height growth has been observed during
the first year of ICS therapy, this appears to be transient, and
adult height seems to be normal [13, 14]. Other systemic side-
effects, such as adrenal suppression, have only been docu-
mented with high-dose therapy [15]. ‘‘Difficult’’ asthma is
defined as asthma which is not controlled, in spite of ICS doses
of .800 mg per day of budesonide equivalent [16]. Novel
formulations with small particles of ICS have comparable
effects, though at a lower dose, than traditional formulations
[17, 18]. The potential for systemic absorption of small particle
ICS should be the subject of further pharmacokinetic and
safety evaluations.

In preschool children, ICS are effective as maintenance
treatment for multiple-trigger wheeze [19], but less so in
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episodic viral wheeze. Maintenance treatment of multiple-
trigger wheeze in preschool children with ICS does not prevent
its progression to asthma at school age [20, 21]. This subject is
discussed in detail elsewhere [5]. ICS are ineffective in
preventing wheeze after respiratory syncytial virus (RSV)
infection [22].

Oral corticosteroids are effective in the treatment of asthma
exacerbations [23, 24]. Although high-dose ICS may be as
effective as oral corticosteroids in acute severe asthma, the low
cost of oral corticosteroids, and the low risk of side-effects of an
isolated course make oral prednisolone the preferred treatment
option [25]. Oral prednisolone solution is better tolerated than
crushed tablets in young children, with equal efficacy [26].
Oral corticosteroids do not appear to be effective in wheezy
infants below the age of 1 yr [27, 28] and a recent large
randomised controlled trial has shown no effect in children
with viral wheeze 1–5 yrs of age [29].

In the Global Initiative for Asthma (GINA) guidelines,
montelukast is proposed to be an alternative treatment option
to low-dose ICS for patients aged 2–15 yrs with mild persistent
asthma, who do not have a recent history of serious attacks that
required oral corticosteroid use, and who have demonstrated
that they are not capable of using ICS [30]. However,
randomised controlled trials comparing ICS and montelukast
have given conflicting results [10, 31]. Most children over 5 yrs
of age can use steroid inhalers correctly.

Current marketing authorisation
ICS
The manufacturing authorisation depends on the drug, the
product and the device. Beclomethasone, budesonide and
fluticasone are each available as either a metered dose inhaler
(MDI) or a dry powder inhaler (DPI). In general, DPIs are not
licensed for use in preschool children and administration of
DPIs requires an inhalation technique that most preschool
children cannot be expected to perform. The maximum
licensed daily dose in children is 400 mg for beclomethasone
and fluticasone and 800 mg for budesonide. Fluticasone is
nominally equivalent to beclomethasone or budesonide at half
the dose. It is not licensed in children aged under 4 yrs.
Mometasone and ciclesonide are not licensed for those aged
under 12 yrs.

Oral corticosteroids
Authorisation is for any child who requires systemic cortico-
steroids for acute severe asthma. In certain European countries
administration of betamethasone as soluble tablets is an
alternative to administration as an oral solution of predinisolone.

Current unlicensed and off-label use
There is no off-label use in asthma; however, off-licence use for
other conditions, such as chronic nonspecific cough, is
common.

Important research questions
1) To what extent is poor control in children with asthma
during ICS maintenance therapy due to intrinsically ‘‘difficult’’
asthma versus modifiable factors, such as poor adherence, poor
inhalation technique or contributing factors (such as allergic
rhinitis and dysfunctional breathing)? 2) What is the added

value of fine particle, peripherally deposited corticosteroids
compared with conventional ICS? 3) Can the response of
individuals to ICS be predicted by phenotype or genotype?

Ongoing studies
At the time of writing, there are 22 trials of ICS for asthma in
children currently enrolling, as listed on clinicaltrials.gov [32].

Leukotriene receptor antagonists
Evidence base
Montelukast is the only cysteinyl leukotriene receptor antag-
onist licensed for the treatment of asthma in schoolchildren
and young children (down to 6 months of age) [33].

Montelukast in multiple-trigger wheeze
In one study, montelukast provided protection against
bronchoconstriction induced by hyperventilation with cold,
dry air [34] and, in a further randomised controlled trial,
4 weeks of montelukast improved airway hyperresponsive-
ness to methacholine by one doubling dose, compared with
placebo [35]. The bronchoprotective effect was independent of
concurrent steroid treatment. In a multicentre study of 689
young children (aged 2–5 yrs) with multiple-trigger wheeze,
montelukast improved symptoms and achieved a 30% reduc-
tion in exacerbations [33]. There are no studies in this age
group comparing montelukast with ICS.

Montelukast in episodic (viral) wheeze
Daily use of montelukast over a 1-yr period reduced the rate of
wheezing episodes in 549 children aged 2–5 yrs with episodic
(viral) wheeze by 32% compared with placebo (number needed
to treat 12) [36]. A trial of short-term treatment with
montelukast as add-on to current treatment (90% ICS) during
the viral season in children aged 2–14 yrs reduced asthma
worsening days by 53% and unscheduled physician visits by
78% (number needed to treat to prevent one exacerbation ,10)
[37]. A trial of intermittent montelukast, started when patients
aged 2–14 yrs developed signs of a common cold, compared
with placebo in 220 children with episodic wheeze showed a
30% reduction in unscheduled health visits (number needed to
treat 11), but no effect on hospitalisations, duration of episode,
and b-agonist and prednisolone use [38]. A large clinical trial
in young children has shown that montelukast does not reduce
symptoms, in most children, when given for a period of up to
24 weeks after RSV bronchiolitis [39].

Current marketing authorisation
Montelukast is indicated in the treatment of asthma as add-on
therapy in those patients aged 2–15 yrs with mild to moderate
persistent asthma who are inadequately controlled on ICS and
in whom ‘‘as needed’’ short-acting b-agonists (SABAs) provide
inadequate clinical control of asthma.

Montelukast may also be an alternative treatment option to
low-dose ICS for patients aged 2–15 yrs with mild persistent
asthma, who do not have a recent history of serious asthma
attacks that required oral corticosteroid use, and who have
demonstrated that they are not capable of using ICS.

Montelukast is also indicated in the prevention of asthma
attacks in which the predominant component is exercise-
induced bronchoconstriction in children 2–15 yrs of age.

A.R. SMYTH ET AL. ERS TASK FORCE

c
EUROPEAN RESPIRATORY JOURNAL VOLUME 35 NUMBER 2 249



Current unlicensed and off-label use
In those aged 2–15 yrs, as a first-line treatment in children with
episodic asthma or mild to moderate persistent asthma. In
those aged 0–2 yrs, for treatment of various forms of asthma-
related symptoms.

Important research questions
1) Who benefits from montelukast as add-on to ICS? 2) What is
the effect of montelukast on symptoms of the common cold?
3) Is there any benefit from montelukast in post-bronchiolitis
wheeze, where symptoms are severe?

Ongoing and planned studies
At the time of writing, there are 24 trials of montelukast in
children on clinicaltrials.gov that are currently recruiting [40].

Short- and long-acting bronchodilators for acute and
chronic asthma
Evidence base
As-needed SABAs are the first choice for rescue treatment of
acute asthma in children. Regular, daily use of SABAs may
cause deterioration of asthma and is not recommended.
However, the scientific basis for this in children is limited
[41]. The evidence for beneficial effects of SABAs in wheezing
infants is lacking, due to lack of suitable end-points and the
heterogeneity of wheezing in this age group. Regular SABA
use does not prevent wheezing episodes in infants [42]. Single
doses of long-acting b-agonists (LABAs) provide at least 12 h
of bronchodilatation in asthmatic school-aged children.
Bronchodilator and protective effects of single doses of
LABA have been documented in children of preschool age
and older. LABA for daily maintenance treatment in asthmatic
children who remain symptomatic despite conventional doses
of ICS is widely advocated and practised (step 3 of GINA
guidelines) [30] but insufficiently supported by literature and
debated [10, 43, 44]. Existing studies refer to highly selected
populations at the severe end of the disease spectrum. A recent
Cochrane review concludes that there is insufficient data to
make firm conclusions on the use of LABA for preschool and
school-aged children, the starting dose of ICS to which LABA
could be added, the use of single versus two devices for
administering combination therapy and the preferred type of
LABA [45]. As-needed use of LABA plus ICS combination
therapy on top of a low fixed dose has shown added benefit
compared with daily fixed dose use in a selected population of
children aged 4 yrs and older [44, 46]. However, there is
evidence that ICS alone may be more effective than an ICS and
LABA combination [10]. The bronchodilator and bronchopro-
tective effects of LABAs in children become less during chronic
use [47, 48]. The use of LABAs has been associated with a small
risk of (near) fatal asthma attacks in adults, and there is concern
about an increased risk of exacerbations. Pharmacogenetic
studies have not yet established the importance of polymorph-
isms in the beta-2-receptor gene for effectiveness, tachyphylaxis
and side effects of SABA or LABA.

Current marketing authorisation
Salbutamol DPIs, breath-actuated and standard pressurised
MDIs (pMDIs), and inhalation solution are indicated for the
prevention and relief of bronchoconstriction in patients aged
4 yrs and older (dry powder 6 yrs and older) and for the

prevention of exercise-induced bronchoconstriction in patients
4 yrs of age and older. The inhalation solution is indicated for
the relief of bronchoconstriction in patients 2 yrs of age and
older with acute bronchoconstriction. Terbutaline TurbohalerTM

(AstraZeneca, London, UK) and injection is indicated for the
prevention and reversal of bronchoconstriction in patients with
asthma.

Salmeterol dry powder and pMDI is licensed for long-term,
twice daily administration as an add-on treatment of reversible
airways obstruction in patients with asthma, including those
with nocturnal asthma, who are inadequately controlled on
ICS. It is also licensed for prevention of exercise-induced
asthma. Its use in children aged under 4 yrs is unlicensed.

Formoterol TurbohalerTM and pMDI is indicated for long-term,
twice daily administration in the maintenance treatment of
asthma and in the prevention of bronchoconstriction in adults
and children 6 yrs of age and older, including patients with
symptoms of nocturnal asthma. It is also indicated for the acute
prevention of exercise-induced bronchoconstriction in adults
and children 6 yrs of age and older when administered on an
occasional, as-needed basis.

Current unlicensed and off-label use
SABAs, especially salbutamol, are widely used in children
younger than 2–6 yrs of age, and for other indications other
than asthma or asthma-like illnesses, including bronchiolitis,
bronchiectasis, chronic cough, CF airway disease, bronchopul-
monary dysplasia and chronic lung disease of prematurity.
There is little or no evidence to support this off-label use [42,
49–51]. There is some evidence that LABA may be ineffective
in young children [52].

Important research questions
1) What is the effect of adding daily LABA to ICS therapy in
children whose asthma is not fully controlled when stratified
for initial ICS dose? 2) What is the importance of airway
reversibility as a criterion to start LABA therapy? 3) Are there
advantages in using LABA combined with ICS instead of
SABA for acute symptom relief [53]? This can be compared
with the alternative approach of giving high doses of ICS to
abolish all symptoms, but with the risk of side-effects [54].
4) What are the effects of LABA in preschool children and
infants, especially duration of bronchodilator effects, protective
effects after single doses, and after long-term treatment? 5) Are
there age- and phenotype-specific effects of b2-receptor gene
polymorphisms on the effects and side effects of SABA and/or
LABA in children with asthma? 6) Is there improved efficacy
and safety with levosalbutamol versus racemic mixture [55]?

Other anti-inflammatory and immunosuppressive agents
Evidence base
Even when existing therapies are used according to established
guidelines, there remains a small group of children who require
frequent or continuous oral steroids, for control of symptoms
and to treat or prevent exacerbations: ‘‘difficult asthma’’. This
may be because of misdiagnosis, comorbidity (such as vocal
cord dysfunction syndrome) or nonadherence with ICS therapy,
or it may represent true steroid-resistant asthma. Nonadherence
represents a difficult management problem [16] and monthly
doses of intramuscular triamcinolone have been used [56].
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Other anti-inflammatory agents are sometimes used as steroid-
sparing agents in children with asthma or as an alternative to
steroids where asthma is believed to be steroid resistant. These
include azathioprine, cyclosporin and methotrexate. There are
no randomised controlled trials of these agents in children.
Where asthma is associated with a raised immunoglobulin (Ig)E
level (30–700 IU?mL-1), then the monoclonal anti-IgE agent
omalizumab may be administered.

Current marketing authorisation
Omalizumab is licensed, as an add-on therapy, for severe
persistent asthma, with frequent symptoms and exacerbations.
For children aged 6–,12 yrs of age, the drug is licensed where
the IgE level is between 30 and 1,300 IU?mL-1 and for those
.12 yrs the drug is licensed for IgE between 30 and
700 IU?mL-1.

Intramuscular triamcinolone is licensed for use in asthma in
children over 6 yrs of age.

Current unlicensed and off-label use
The use of azathioprine, cyclosporine, methotrexate and other
anti-inflammatory or immunosuppressive agents in children
with asthma is off label and may be associated with significant
toxicity.

Important research questions
Further studies of the small group of children with difficult
asthma would be assisted by establishing a European registry
and the careful phenotyping of children. This would allow
trials of anti-inflammatory and immunosuppressive agents to
be conducted only in those children who might benefit from
these therapies. A registry would also increase the chances of
achieving sufficient statistical power in clinical trials to confirm
or exclude meaningful clinical benefit.

Acute severe asthma
Evidence base
In acute severe asthma there is severe airflow obstruction,
which may lead to respiratory failure, requiring mechanical
ventilation. All children should receive oxygen. The early use
of systemic steroids shortens the duration of admission and
reduces relapse [57]. b-agonists may be administered inter-
mittently or continuously but current evidence supports
continuous use [58]. Ipratropium bromide added to b-agonist
reduces admissions and improves lung function [59]. Failure of
inhaled treatment requires addition of intravenous broncho-
dilators including i.v. b-agonists [60], aminophylline [61] and,
recently, magnesium sulfate [62]. Subcutaneous or i.m. adrena-
line is necessary in near arrest or arrest situation following
anaphylaxis [63]. Ketamine does not provide an incremental
benefit to standard therapy [64]. Heliox, a combination of
oxygen and helium at typical ratio of 40:60, shows promise in
reducing intubation [65]. Noninvasive positive pressure
ventilation may allow time for maximal benefit to be seen
from pharmacotherapy.

Current marketing authorisation
Ipratropium is licensed for use in infants and children of all
ages. In children aged under 6 yrs it is licensed for adminis-
tration no more frequently than every 6 h. Currently no i.v.
dose is licensed for use in children. Aminophylline is licensed

in children over 6 months of age. Adrenaline is licensed for i.m.
use, in anaphylaxis, for infants and older children. Heliox is
unlicensed.

Current unlicensed and off-label use
Intravenous use of salbutamol in children is off label. Magnesium
sulfate is licensed for i.v. use in magnesium deficiency but not for
acute severe asthma.

Important research questions
1) What is the effect of nebulised magnesium in acute severe
asthma? There is currently one ongoing clinical trial [66].
2) What is the role of i.v. montelukast in severe asthma in
children? 3) What is the role of heliox in preventing intubation?
4) Does the use of dornase alfa reduce mucous plugging in
ventilated patients?

CYSTIC FIBROSIS
Therapies for use in children identified by newborn
screening
Evidence base
Newborn screening allows early management of malabsorp-
tion, with improved growth in infants with CF [67], and might
allow early intervention against infection and bronchiectasis.
Bronchoalveolar lavage at 3 months of age in infants with CF
shows Staphylococcus aureus in 14 (31%) out of 45 [68].
However, prophylactic antibiotic use in infants is controver-
sial. A Cochrane review showed less S. aureus with prophylaxis
but no clinical benefit [69]. Some studies have suggested more
Pseudomonas aeruginosa with prophylaxis [70, 71].

Other treatments which could be evaluated in screened infants
include dornase alfa [72] and hypertonic saline (see section on
mucolytics) [73]. A small single-centre study to assess the effect
of dornase alfa on lung function and high-resolution computed
tomography (HRCT) is currently under way in Columbus, OH,
USA [74].

Current unlicensed and off-label use
Flucloxacillin is licensed in children aged less than 2 yrs in
respiratory infection, but prophylactic use may be off label.
Dornase alfa is licensed for use in CF patients with forced vital
capacity (FVC) .40% predicted and aged over 5 yrs. Use in
young children is off label.

Important research questions
Newborn screening for CF has been introduced in many parts
of the EU. Techniques such as HRCT scan [75] and infant lung
function [76, 77] may be useful outcome measures for clinical
trials. A number of research studies are ongoing or planned.

Planned studies
1) Infant Pulmozyme Study (Australia, USA and Europe): this
randomised controlled trial will compare the use of dornase
alfa and placebo in screened infants. Primary outcome: HRCT
score at 2 yrs.

2) Infant Study of Inhaled Saline (ISIS): a trial of nebulised
hypertonic saline in infants with CF will shortly commence
enrolment [78].

Meetings to discuss trials linked to newborn screening in CF
have been held, under the auspices of the ERS, in Leuven,
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Belgium (February 2007) and Stockholm, Sweden (September
2007). A consensus conference was convened by the European
CF Society in March 2008.

Suggested studies

A large randomised controlled trial should address the
question ‘‘Does prophylactic flucloxacillin versus placebo
improve respiratory outcome in screened infants with CF?’’

Gastrointestinal interventions for CF

Evidence base

Improved nutrition in people with CF is associated with
improved lung function and survival [79, 80]. Most people with
CF have pancreatic exocrine insufficiency, with malabsorption
and steatorrhoea, and require pancreatic enzyme replacement
therapy (PERT). Use of high doses of PERT (particularly high
lipase formulations) may be associated with fibrosing colono-
pathy [81]. There have been no reported cases following UK
guidelines to reduce the daily intake of lipase to
10,000 units?kg-1. Acid-resistant preparations of PERT have
greatly improved effectiveness [82] and some new PERT
preparations generate an alkaline environment in the small
bowel [83]. PERT may work more effectively if gastric acidity is
reduced (for example with a proton pump inhibitor); however, a

systematic review did not show long-term benefit [84]. ALTU-
135 (a microbially derived PERT) is in phase 3 clinical trials [85].
Distal ileal obstruction syndrome is a serious complication of CF
[86]. Standard therapy is gastrografin (or purgatives such as
picolax) given either orally or by enema [87]. There is no
evidence base for this therapy or for alternative treatments, such
as lactulose or N-acetylcysteine. Oral calorie supplements are
frequently used to improve nutrition in CF, but without
evidence of long-term benefit. The role of these preparations
in the acute situation has not been adequately assessed [88, 89].
Supplementation of fat-soluble vitamins A, D and E is a
standard recommendation for children with CF, although the
evidence base is poor [90]. The situation with respect to vitamin
K is even less clear, in particular with respect to the impact on
long-term bone health [91, 92].

Current unlicensed and off-label use (gastrointestinal drugs)

The current licensing arrangements are summarised in table 1.

Important research questions

1) What is the most appropriate PERT for children with CF to
promote normal growth? 2) What is the most appropriate
treatment for distal ileal obstruction in children with CF?
3) Does the addition of a drug to reduce gastric acid improve

TABLE 1 Current unlicensed and off-label use of gastrointestinal drugs

Drug type Specific drug Licensing arrangements

PERT Pancreatin, for example

Creon 10,000TM (Solvay, Southampton, UK) Pancreatic insufficiency in children of all ages

Creon MicroTM (Solvay, Southampton, UK) Pancreatic insufficiency in children of all ages

Nutrizym 10TM (Merck Serono, Feltham, UK) Children aged over 2 yrs

PancrexTM (Paines and Byrne, Staines, UK) Children aged over 2 yrs (capsules in infants)

High-strength preparations Not licensed for children under 15 yrs with CF

Oral calorie supplements Different licensing arrangements (ACBS) Children aged over 3 yrs

Drugs to reduce gastric acid Omeprazole Capsules and tablets not licensed in children except for

severe ulcerating reflux oesophagitis (injection not

licensed in children aged under 12 yrs)

Lansoprazole Not licensed for children

Ranitidine Oral not licensed in children aged under 3 yrs

(injections not licensed in children aged under

6 months)

Cimetidine Not licensed in children aged under 1 yr

Treatment for DIOS Gastrografin Licensed for uncomplicated meconium ileus (not

specifically licensed for DIOS, but is licensed for

‘‘infants and young children’’)

N-Acetylcysteine Not licensed for use in children with CF

Sodium bicarbonate Not licensed

Laxatives Lactulose Licensed for children

Bisacodyl Not licensed for children aged under 10 yrs

Docusate Not licensed for children aged under 12 yrs

MovicolTM (Norgine, Harefield, UK) Licensed for children aged 2 yrs and older

Fat soluble vitamins Vitamin E suspension Licensed for children with CF (all age groups)

Multivitamin drops Licensed for children of all ages

Motility agents Domperidone Not licensed for children

Taurine Not licensed for children

PERT: pancreatic enzyme replacement therapy; DIOS: distal ileal obstruction syndrome; CF: cystic fibrosis; ACBS: Advisory Committee on Borderline Substances.
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PERT performance and enhance growth in children? 4) Should
acutely ill children with CF receive oral calorie supplements to
maintain growth? 5) When and how should children with CF
receive vitamin K supplements?

Rational use of antibiotics

Evidence base

Pulmonary infection with P. aeruginosa is associated with a
more rapid decline in lung function and increased mortality
[93]. Initially, the organism is present in its planktonic form
(antibiotic susceptible) but later the organism forms an
adherent biofilm, which is impossible to eradicate. Most CF
units therefore practice early eradication of P. aeruginosa when
it first appears in respiratory secretions. Eradication regimens
commonly use either nebulised tobramycin alone or a
combination of oral ciprofloxacin and nebulised colistin. A
Cochrane review of randomised controlled trials evaluating P.
aeruginosa eradication found that patients randomised to
nebulised tobramycin were less likely to have P. aeruginosa at
12 months [94]. A combination of oral ciprofloxacin and
nebulised colistin was effective in reducing chronic infection
with P. aeruginosa, over a 2-yr follow-up. There are insufficient
data on the clinical benefit of any of the eradication strategies
and no direct comparisons of regimens.

Therapy for chronic infection with P. aeruginosa has recently
been reviewed by the US CF Foundation [95]. Antibiotics via
inhalation are used to improve disease course in patients with
chronic P. aeruginosa. Tobramycin solution for inhalation (28-
day on-off cycles) decreases pulmonary exacerbations and
improves lung function [96]. Several other treatment regimens
(including nebulised colistin) are used and were shown in a
Cochrane review to improve lung function. The wide range of
drugs and dosing regimens, however, limited the possibility of
pooling the studies to evaluate the effect on exacerbations of
respiratory infections [97].

Several studies examined the value of long-term oral azithro-
mycin administration on disease course in CF patients. The
largest placebo-controlled trial in patients with chronic P.
aeruginosa infection showed that active treatment improved
lung function and decreased the exacerbation rate [98]. The
mechanism of action is unclear. Fewer exacerbations, but not
improved lung function, were also seen in patients without
chronic P. aeruginosa [99].

Chronic lung infection due to P. aeruginosa with periodic
exacerbations is the hallmark of CF lung disease. Pulmonary
exacerbations reduce survival and quality of life as well as
incurring significant healthcare costs [100]. Rational antibiotic
therapy is therefore needed. Conventional treatment of a
pulmonary exacerbation includes antibiotics and intensive
chest physiotherapy. Commonly, oral antibiotics are used first,
based on the antibiotic sensitivities of organisms from a recent
respiratory specimen, followed by i.v. antibiotics if the
response is poor. A quinolone, such as ciprofloxacin, is the
usual first line antibiotic. Chloramphenicol has been used as a
second-line oral antibiotic, despite negative results on conven-
tional sensitivity testing [101]. Few studies have evaluated the
use of i.v. antibiotics against placebo. The two randomised
controlled trials that have been undertaken are underpowered.
One failed to show benefit from i.v. ceftazidime [102], whereas

a second study found improved outcome for P. aeruginosa
quantitative culture and lung function [103]. Indirect evidence
that prompt treatment of pulmonary exacerbations is beneficial
long term comes from epidemiological surveys [104].

Theoretically, resistance to antibiotics in P. aeruginosa may be
avoided with a combination of two or more i.v. antibiotics. A
Cochrane review did not demonstrate any significant differ-
ence between monotherapy and combination therapy in
clinical outcomes but there was a nonsignificant increase in
antibiotic resistance with monotherapy [105]. There is little
evidence for the use of any one anti-pseudomonal antibiotic
combination, though there are many underpowered trials.
However, a randomised trial comparing meropenem versus
ceftazidime (both combined with tobramycin) suggested that
the improvement in forced expiratory volume in 1 s (FEV1)
was more rapid with meropenem [106]. Most CF centres start
oral antibiotics and move to i.v. therapy if oral drugs do not
promptly improve the patient’s symptoms. A Cochrane review
found few studies and no evidence to show that oral or i.v.
anti-pseudomonal antibiotics were superior [107]. Most centres
give 2 weeks of i.v. treatment. Observational data shows that
most clinical benefit is seen after 2 weeks [108]. A Cochrane
review concluded that once and three times daily aminoglyco-
side administration are equally effective in the treatment of
pulmonary exacerbations in CF [109]. A large randomised
controlled trial showed less nephrotoxicity, particularly in
children with once-daily dosing [110]. Paradoxically, antibiotic
susceptibility does not relate to response to i.v. antibiotics in
retrospective [111] or prospective [112] studies.

Some CF centres administer antibiotics electively at regular
intervals. There is no evidence from randomised controlled
trials that this approach is superior to symptomatic treatment
[113]. Home treatment was less disruptive to patient’s lives,
though patients reported greater fatigue and the time to next
antibiotic course may be shorter [114, 115].

Current marketing authorisation
Oral antibiotics
Ciprofloxacin is licensed in acute pulmonary exacerbations of
CF associated with P. aeruginosa infection in children aged 5–
17 yrs. Use in children aged under 5 yrs is off label.

Azithromycin has no specific indication for CF. Doses for
children aged under 3 yrs in SPC.

Nebulised antibiotics
Tobramycin solution for inhalation is licensed for the long-
term management of chronic pulmonary infection due to P.
aeruginosa in CF patients aged 6 yrs and older. Use for
eradication is off license.

Colistin is licensed for the treatment by inhalation of P.
aeruginosa lung infection in patients with CF. Doses are given
in the SPC for children aged under 2 yrs. Colistin is also
licensed for i.v. use.

Intravenous antibiotics
The following are licensed for use in pulmonary infection in
patients with CF. 1) Aztreonam: licensed from age 7 days.
2) Amikacin, ceftazidime, colistin, gentamicin: no lower age
limit given in SPC 3) Tobramycin: no lower age limit given in
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SPC but caution advised in infants less than 6 weeks old. Once
daily tobramycin use is recommended in UK national guide-
lines [116]. 4) Meropenem and imipenem: licensed from age
3 months. 5) Piperacillin–tazobactam combination: licensed
from age 12 yrs. Hypersensitivity reactions are a problem with
pipercillin.

Important research questions
Planned studies
TORPEDO CF (Trial of Optimal Therapy for Pseudomonas
Eradication in CF) (UK): a large randomised controlled trial of
P. aeruginosa eradication, comparing oral ciprofloxacin with i.v.
antibiotics (both groups receive nebulised colistin).

Ongoing studies
ELITE (Early Inhaled Tobramycin for Eradication) (Europe):
randomised controlled trial of 28 versus 56 days of nebulised
tobramycin, with the primary outcome duration of eradication
over a 27-month period. Preliminary results show no differ-
ence between regimens [117].

EPIC (Early Pseudomonas Infection Control) (USA): all
participants receive initial nebulised tobramycin and oral
ciprofloxacin. When P. aeruginosa is eradicated, participants
are randomised to either a further five consecutive quarterly
cycles of tobramycin (1 month of nebulised therapy in every
3 months) or treatment directed by bacterial culture, both for
18 months. Within each group, there will be further randomi-
sation to oral ciprofloxacin or placebo.

Other studies: nebulised aztreonam lysine, for maintenance
treatment of chronic pulmonary infection with P. aeruginosa,
has recently undergone phase III trials. Dry powder prepara-
tions of colistin and tobramycin [118] have completed phase III
trials. Another inhaled aminoglycoside, nebulised liposomal
amikacin, is currently in phase II trials. Dry powder
ciprofloxacin and levofloxacin solution for inhalation have
undergone phase I studies.

Suggested studies
1) Is oral chloramphenicol effective in pulmonary exacerba-
tions due to resistant organisms? 2) What is the optimal
duration of therapy in CF patients with chronic P. aeruginosa
and a pulmonary exacerbation? Time to next exacerbation
should be the primary outcome variable and emergence of
resistance and toxicity additional outcomes.

Fungal infection and allergic bronchopulmonary
aspergillosis

Evidence base

Aspergillus fumigatus is ubiquitous in the environment and is
the most frequently isolated fungus from CF airway samples
[119]. It can cause allergic reactions in the CF airway, termed
allergic bronchopulmonary aspergillosis (ABPA). Other dis-
ease manifestations (bronchitis, aspergilloma and invasive
infection) are less common. Candida albicans colonisation of
mucous membranes is frequent in CF patients but invasive
disease is rare. There are no randomised trials of treatment for
any of these rare conditions.

ABPA occurs in 2–14% patients with CF [120]. Diagnostic
criteria have been put forward by the CF Foundation

consensus conference [119]. Even when using strict criteria,
the diagnosis remains difficult as some of the symptoms of
ABPA are nonspecific. The course of ABPA is typified by acute
exacerbations, remissions during treatment and, in many
patients, relapses after discontinuing therapy. Oral corticoster-
oids are the mainstay of treatment, although no controlled
study compares the use of antifungal agents with a course of
oral corticosteroids. A Cochrane review of antifungal therapies
for ABPA in CF identified no randomised trials [121]. The sole
evidence for efficacy of ABPA treatment comes from studies in
asthmatic patients [121]. Trials in patients with CF are needed.
In CF patients there is poor bioavailability of itraconazole,
especially of itraconazole tablets [122]. Additional treatments
have been assessed in a noncontrolled way, such as methyl-
prednisolone pulse therapy [123], omalizumab [124] and
voriconazole [125]. Voriconazole has a higher oral bioavail-
ability but is expensive, with side-effects in up to 30% of
patients. There is no evidence to support the use of ICS to treat
ABPA but there are reports of adrenal suppression when
inhaled steroids and itraconazole are combined [126].

Current unlicensed and off-label use

Itraconazole is not licensed for ABPA. Its use in children is not
recommended unless the benefits outweigh the risks.
Voriconazole is not licensed for ABPA, and is not licensed for
children aged under 2 yrs. Prednisolone is licensed for the
‘‘…suppression of inflammatory and allergic disorders.’’ In
children, it should be used ‘‘…only when specifically indicated,
in a minimal dosage and for the shortest possible time.’’
Omalizumab is not licensed for ABPA.

Important research questions

1) An industry-sponsored trial of omalizumab for ABPA in CF
is underway. 2) What are the pharmacokinetic parameters of
azole antifungals in CF? 3) Are antifungals effective (with or
without prednisolone) in ABPA? 4) Is treatment beneficial in
individuals sensitised to Aspergillus, but who do not have
ABPA [127]?

Mucolytics and drugs that restore airway surface liquid

Evidence base

Airway secretions in CF are highly viscous; however, classic
mucolytics, such as N-acetylcysteine, have little effect. This
may be due to the fact that CF mucus contains little mucin and
is mainly composed of pus [128]. Inhaled dornase alfa breaks
down neutrophil-derived DNA and reduces sputum viscosity.
In a large randomised controlled trial, in patients with mild to
moderate lung disease, dornase improved pulmonary function
and reduced the number of pulmonary exacerbations [129].
The effect on pulmonary exacerbations is also seen in younger
children [130].

Since airway surface liquid depletion is considered an
important factor in CF pathophysiology, osmotically drawing
water onto the airway surface by inhalation of a hypertonic
substance could restore defective mucociliary transport.
Hypertonic saline has been shown to improve hydration of
the airway surface liquid layer and mucociliary clearance [131].
16 controlled trials have been conducted evaluating the efficacy
of hypertonic saline in patients with CF, of which 11 were of
sufficient quality to be included in a Cochrane review [132].
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Only the study by ELKINS et al. [133] fulfils the criteria of a phase
III trial including a sufficient number of patients. The authors
performed a multicentre double-blind randomised controlled
trial of 7% saline solution in CF patients over 12 months. This
study included paediatric patients aged 6 yrs and older, and
overall study drug effects were similar in both adults and
children. A small but significant difference was found in
absolute lung function (averaged over the treatment period)
between the two groups and pulmonary exacerbations were
significantly reduced. A direct comparison of hypertonic saline
versus dornase alfa was conducted by SURI et al. [134] who found
a greater improvement in FEV1 with dornase but no difference
in pulmonary exacerbations.

As lower airway deposition of hypertonic saline is likely to be
better before significant mucus accumulation in the airways has
occurred, and treatment with hypertonic saline may be most
efficacious when initiated early in the disease process. However,
data for efficacy in young children are still lacking. SUBBARAO et
al. [73] studied the safety of hypertonic saline in infants and
preschool children. They performed infant lung function testing
in 13 infants with CF who received 7% hypertonic saline as a
single dose and found no significant change after 7% hypertonic
saline, with cough (in four infants) the only adverse effect.
Currently, a longer pilot study to assess the safety of multiple
doses of 7% saline in infants is under way.

Current unlicensed and off-label use

Dornase alfa is licensed for CF patients with FVC .40%
predicted and aged over 5 yrs. PARI MucoClearTM (hypertonic
saline 6% in 4-mL ampoules) has a CE medical device license,
not a drug license; therefore, manufacturers do not give
specific details of how to use the product. It has been listed in
the UK Drug Tariff since October 2008 and is prescribable (as a
‘‘device’’). Other forms of hypertonic saline may be available
elsewhere in the EU; check the prescribing regulations in the
appropriate member state. The 7% rather than the 6% solution
was used in the pivotal clinical trial [133].

Important research questions

1) Is nebulised hypertonic saline effective in young infants? A
multicentre randomised controlled trial looking at the efficacy
of nebulised hypertonic saline versus 0.9% saline in this age
group will shortly commence enrolment (see also section
entitled Therapies for use in children identified by newborn
screening) [78]. 2) Is nebulised dornase alfa or hypertonic
saline more effective in preventing pulmonary exacerbations?

Novel antibacterials

Evidence base

P. aeruginosa is present in the lungs of most patients with CF,
by the late teenage years [135]. Eradication of P. aeruginosa may
be possible, when the organism is in its planktonic phase but is
impossible when it has formed a biofilm (organisms plus an
exopolysaccaride matrix). Within the biofilm, organisms
communicate, via quorum sensing molecules which control
biofilm maturation and virulence factor expression [136]. The
biofilm also enables the organism to evade host defences and
antibiotics. Once infection has become chronic, mucoid P.
aeruginosa strains, which are antibiotic resistant, are found in
the sputum. Patients may develop allergic sensitisation to

antibiotics [137] or suffer cumulative adverse effects such as
renal impairment (aminoglycosides) [138], which further limit
the choice of antibiotic regimens. New treatment strategies are
needed.

One strategy is to develop quorum-sensing inhibitors.
Azithromycin produces clinical benefit in patients with CF
and chronic infection with P. aeruginosa, in spite of having no
direct bacteriocidal or bacteriostatic action against this organism
and it may inhibit biofilm formation. A ‘‘nutriceutical’’ garlic
extract has been shown to inhibit quorum sensing in vitro,
increasing biofilm susceptibility both to phagocytosis and to the
antibiotic tobramycin, as well as improving the clearance of
pulmonary infection with P. aeruginosa in a mouse model [139].

Another promising ‘‘nutriceutical’’ is the aminoacid glutamine.
Parenteral glutamine supplements decrease mortality in a
mouse model of pneumonia with P. aeruginosa from 75% to
29% [140]. In diseases, like CF, where there is a hypermetabolic
state, glutamine requirements may increase, such that gluta-
mine may become a conditionally essential amino acid [141].
Nebulised L-arginine has also been administered in CF, where
a single dose has been shown to increase exhaled nitric oxide
and FEV1 [142].

P. aeruginosa can cause infections such as chronic otitis externa
in humans and in animals. A pilot study of a combination
preparation of six anti-pseudomonal bacteriophages (Biovet-
PA) has been described in dogs with otitis externa [143]. The
clinical condition improved in all the treated ears and bacterial
counts fell in all but one. A clinical trial in human otitis externa
is now ongoing and a trial of inhaled phage in CF is planned.

Current unlicensed and off-label use
There is no specific licensed indication for azithromycin in CF
(see section on marketing authorisation for antiobiotics in CF).
Glutamine and L-arginine are not licensed for use in CF.

Important research questions
Ongoing studies
The Garlic Against Pseudomonas (GAP) study: are quorum-
sensing inhibitors effective against P. aeruginosa in CF? A phase
II randomised controlled trial of macerated garlic oil in CF has
recently been completed [144].

Planned studies
Glutamine: are oral glutamine supplements in CF effective in
reducing pulmonary inflammation in CF? A placebo-controlled
randomised controlled trial is currently underway [145].

Bacteriophages: are bacteriophages effective in pulmonary
infection with P. aeruginosa in CF?

Potential studies
Is azithromycin an effective quorum-sensing inhibitor in CF?

Anti-inflammatory therapy
CF lung disease is characterised by a vicious cycle of infection,
inflammation and lung damage. Most patients with CF will
ultimately die from respiratory failure. Anti-inflammatory
therapy might reduce the inflammatory part of this cycle. A
systematic review has shown that oral prednisolone, adminis-
tered alternate daily, is associated with an improvement (or a
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lesser decline) in lung function but at the expense of impaired
linear growth in children and other steroid-related side-effects
[146]. A trial of withdrawal of inhaled steroids has shown that
these drugs confer no benefit in terms of time to pulmonary
exacerbation or lung function for most patients [147].
Nonsteroidal anti-inflammatory drugs (NSAIDs) in CF (pri-
marily high-dose ibuprofen) can slow the decline in lung
function. However, a systematic review showed that the effects
of NSAIDs on other outcomes, such as pulmonary exacerba-
tions, were inconsistent between studies [148]. Studies have
had long follow-up periods (up to 4 yrs). There is a narrow
therapeutic window with ibuprofen, requiring monitoring of
plasma levels.

Current unlicensed and off-label use
Prednisolone is licensed for the ‘‘…suppression of inflamma-
tory and allergic disorders.’’ In children, it should be used
‘‘…only when specifically indicated, in a minimal dosage and
for the shortest possible time.’’

ICS use in cystic fibrosis is off label and may expose children to
adverse effects due to systemic absorption, e.g. when combined
with itraconazole (see evidence base section for fungal
infection and ABPA in cystic fibrosis).

Ibuprofen is not licensed treatment of pulmonary inflamma-
tion in CF.

Important research questions
What is the incidence of adverse effects with long-term use of
NSAIDs in CF? A large cohort study could provide additional
important safety data.

PRIMARY CILIARY DYSKINESIA
Evidence base
A literature search using the terms ‘‘primary ciliary dyskine-
sia’’ or ‘‘immotile cilia syndrome’’ or ‘‘Kartagener’s syn-
drome’’, limited to humans, the English language, and
randomised controlled or clinical trials yielded 13 hits, of
which only four were even remotely relevant to medications
for children [149–152]. Of these, two were for experimental
therapies directed at the underlying abnormality (an acute
study of arginine in adults [150], and one of uridine-59-
triphosphate, with patients average age 34 yrs, youngest 14 yrs
[151]). One study explored a treatment now widely considered
obsolete, N-acetylcysteine, and showed no effect in primary
ciliary dyskinesia (PCD) [152]. The sole study of possible
clinical relevance showed that, in 19 children, regular
salbutamol administered over a 6-week period had neither a
helpful nor beneficial effect in terms of spirometry, or
bronchial responsiveness [149]. It is, however, questionable
whether anyone would want to prescribe b2-agonists on a
regular basis in this condition. This remains the only
randomised controlled trial in children with this condition. A
previous study showed that acute bronchodilatation to
exercise was superior to that of b2-agonist [153]; exercise was
not a comparator in the above study. There are a few anecdotal
reports of benefit for dornase alfa in PCD [154–156]. The
clinical features of PCD have been reviewed recently [157]. For
the most part, clinical management is based on protocols for
CF, which are themselves often not evidence based. The
danger of this approach is indicated by the very different

responses to recombinant human DNase in CF (beneficial
[129]) and non-CF bronchiectasis (valueless, possibly even
harmful [158]). A regimen of regular culture of respiratory
secretions and aggressive antibiotic therapy for positive
cultures may arrest the decline in lung function, however, this
approach is supported only by observational data [159]. Thus
there is a wide open field for the study of PCD.

Current unlicensed and off-label use
No medications are currently licensed for use in PCD.

Important research questions
1) Which antibiotics, by what route and in what doses, should
be used for Haemophilus influenzae, S. aureus and P. aeruginosa?
2) Is there a role for modulation of the inflammatory response
in PCD and if so, with what? 3) Are macrolides as useful in
PCD as they are in CF [98, 99, 160, 161]? 4) Is any mucolytic
therapy useful in PCD, e.g. hypertonic saline? 5) What is the
best treatment for chronic rhinitis in PCD? 6) What is the best
treatment for chronic otorrhoea, in particular after tympanost-
omy tube insertion?

MANAGEMENT OF COMMUNITY-ACQUIRED
PNEUMONIA IN CHILDREN
Evidence base
The incidence of community-acquired pneumonia (CAP) has
been based on population studies done in the 1970s and 1980s;
35–40 per 1,000 in children less than 5 yrs old, about 20 out of
every 1,000 in 5–10 yr olds and about 10 in 1,000 in children
aged over 10 yrs, in western countries [162, 163]. Half of the
children aged under 5 yrs, but ,10% of those older than 5 yrs
have needed hospital care [163]. Respiratory viruses, especially
RSV and rhinoviruses, either alone or in combination with
bacteria, are the most common aetiological agents of CAP in
children under 2 yrs old. Mycoplasma pneumoniae infections are
common from the age of 5 yrs and Chlamydia pneumoniae
infections from the age of 10 yrs onwards. Streptococcus
pneumoniae is the most important causative agent in paediatric
pneumonia at all ages and in both inpatients and outpatients.
The role of S. pneumoniae as the most common cause of CAP
may change if immunisations with pneumococcal conjugate
vaccine are universally implemented. Recent reports from the
USA show a substantial fall in medical visits for pneumonia
after starting vaccinations [164].

In European countries, pneumococcal penicillin resistance
varied from ,5% to .60% (intermediate and highly resistant
strains combined) in 1999–2000, and the highest figures were
detected in France, Spain and Hungary [165]. Pneumococcal
macrolide resistance varied from ,5% to 50%, and the highest
figures were detected in France, Italy and Hungary [165]. Both
penicillin and macrolide resistance figures were highest in
infants under 2 yrs of age, and the figures decreased when the
children grew older [166]. Many studies agree that high rates of
antibiotic prescribing in children lead to antibiotic resistance in
the community: high consumption of broad-spectrum b-lactams
leads to penicillin resistance and further to multi-resistance, and
high consumption of macrolides (especially the second-genera-
tion agents) to macrolide resistance [167]. The development and
spread of antibiotic resistance in pneumococci are crucial when
considering treatment of pneumonia in children. However, the
spread of resistant pneumococci has also taken place in
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countries with low usage of antibiotics, as seen in the increase of
macrolide-resistant strains in Norway [168].

The evidence indicates that clinical and radiological findings
cannot be used to reliably discriminate between CAP of viral,
bacterial or atypical aetiology [169, 170]. Rapid isolation of
bacterial pathogens and the prescription of appropriate
narrow-spectrum antibiotics are not feasible in most circum-
stances. Viral aetiology can be identified rapidly and helps
prevent inappropriate prescription of antibacterials in mild
cases. However, mixed infections are common and without
reliable rapid diagnostic tests that can exclude bacterial
pneumonia, empirical treatment remains necessary. Many
clinical trials for CAP in children have been conducted as
comparative studies comparing different antibiotic regimens,
and these represent an important assessment of different
empirical treatments. The Cochrane library contains two recent
reviews relevant to the treatment of pneumonia in children.
The first is a comprehensive review of the evidence for
antibiotic treatments for CAP in children [171]. The second
review addresses, specifically, the evidence for use of oral
antibiotics versus parenteral antibiotics for severe pneumonia
in children [172].

Findings from antibiotic trials for the treatment of ambulatory
patients with CAP suggest oral amoxicillin is superior to oral
co-trimoxazole and procaine penicillin superior to oral co-
trimoxazole [171]. Co-amoxyclav may outperform amoxicillin
(though evidence is limited) [171]. A 3-day course of
amoxicillin may be adequate for treatment and double-dose
amoxicillin infers no advantage over standard dose therapy.
No difference in treatment outcomes were seen for compar-
isons between azithromycin and amoxicillin, azithromycin and
co-amoxiclav, azithromycin and erythromycin, clarithromycin
and erythromycin, and between cefpodoxime and co-amoxy-
clav. This does not necessarily mean these treatments are
equivalent as studies may be underpowered to detect small
differences in effect.

Findings from antibiotic trials for treatment of hospitalised
patients with severe CAP suggest a combination of penicillin
and gentamicin is superior to parenteral chloramphenicol [173].
Procaine penicillin may be as effective as cefuroxime [174].

Of great interest are studies comparing injectible penicillins
with oral amoxicillin for treatment of hospitalised patients
with severe pneumonia [172, 175]. These suggest similar failure
rates at 48 h, 5 days and 14 days for both treatments and have
important implications particularly in developing countries
where facilities for inpatient care may be limited.

Current unlicensed and off-label use

Antibiotics usually administered orally

Amoxicillin, cefpodoxime, clarithromycin, co-amoxyclav and
erythromycin are licensed for infants and older children for
treatment of respiratory tract infection. In the case of
chloramphenicol, i.v. and oral preparation is licensed in the
EU. According to the SPC, it ‘‘…should not be used for trivial
infections due to the possibility of severe blood dyscrasias…’’
Co-trimoxazole is licensed for respiratory tract infections in
children from age 6 weeks. Azithromycin is licensed for CAP
but not in children under 6 months of age.

Antibiotics usually administered parenterally
Benzyl penicillin, cefuroxime and gentamicin are licensed for
infants and older children for treatment of respiratory tract
infection. Procaine penicillin is not licensed in the EU.

Important research questions
1) Are new antibacterials of equivalent efficacy to existing
regimens? 2) Do new agents have advantages such as an
improved side-effect profile, narrow-spectrum cover, ease of
use or cost? 3) Which paediatric patients need treatment with
antibacterials? 4) Are new sensitive rapid diagnostic tests for
bacterial or atypical aetiology effective in clinical practice?
5) Which children need hospital admission? 6) What is the
optimum duration of treatment? 7) What are the trends in
resistance patterns?

PLEURAL INFECTION IN CHILDREN
Evidence base
Empyema an uncommon complication of bacterial pneumonia in
children, defined as the presence of pus in the pleural cavity.
Recent reports suggest that the prevalence is increasing in both
the UK [176] and the USA [177]. The reasons for this are unclear
but the introduction of routine infant vaccination with seven-
valent pneumococcal conjugate vaccine has not reduced this
trend [178]. Death is extremely rare in children, in contrast to
adult empyema which has an estimated mortality of 20% [179].
Unlike adults, children with empyema are almost always healthy
prior to illness onset. Decisions on the best treatment should
therefore be based on data from studies on children [180].

There is universal agreement that antibiotics should be given
promptly, intravenously, and in high dosage [180]. There is
considerable controversy about additional treatment and a
number of options should be considered. An analysis of 54
observational studies of treatment with antibiotics (alone or in
combination with simple chest drainage) showed that treatment
was successful in 75–80% but necessitated a prolonged hospital
stay [181]. Fibrinolytics, administered through small intrapleural
catheters, may be added to this regimen to augment drainage. In
a randomised controlled trial of urokinase versus placebo, the
primary outcome measure was length of hospital stay post-
intervention and was significantly in favour of urokinase (7.4
versus 9.5 days) [182]. In contrast, a randomised controlled trial
of streptokinase versus placebo found no difference in clinical
and sonographic outcome [183]. A randomised comparison of
urokinase versus video-assisted thoracosopic surgery (VATS)
found no difference in clinical outcome but showed that
urokinase was a more economic treatment option [184]. Some
centres advocate proceding to primary surgery either by an open
debridement or by VATS [185].

Current unlicensed and off-label use
Alteplase, dornase alfa, streptokinase and urokinase are not
licensed for intrapleural use.

All the antibiotics commonly used for the management of
empyema are licensed for the treatment of lower respiratory
tract infection in children (see section on CAP in children).

Important research questions
Antibiotics
Do antibiotics penetrate into the pleural space when given
intravenously or orally?
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Intrapleural drugs

Is alteplase (tissue plasminogen activator) effective in
empyema? (Alteplase is used in North America for empyema.
Evidence is from retrospective reviews [186, 187], rather than
randomised controlled trials).

Is a single-chain urokinase-type plasminogen activator a more
effective fibrinolytic drug (resistant to inactivation by plasmin-
ogen activator inhibitors)?

Is dornase alfa effective in paediatric empyema? Dornase alfa,
in combination with a fibrinolytic, is currently subject to a large
randomised controlled trial in adults in the UK and it has
potential for further investigation in childhood empyema [188].

Preventative strategies

Is universal immunisation with a pneumococcal vaccine
containing a wider range of relevant serotypes an effective
preventative strategy? The effectiveness of such a strategy
could be studied through enhanced surveillance of pneumo-
coccal empyema throughout Europe.

CONGENITAL ABNORMALITIES OF THE
TRACHEOBRONCHIAL TREE AND LUNG PARENCHYMA

Evidence base
Congenital abnormalities of the tracheobronchial tree and lung
parenchyma include the following conditions: tracheomalacia
and bronchomalacia; tracheal and bronchial stenosis; broncho-
genic and parenchymal cysts; pulmonary agenesis, aplasia and
hypoplasia; congenital lobar emphysema; congenital cystic
adenomatoid malformation (CCAM); pulmonary sequestra-
tion; and other rare abnormalities.

The pathogenesis of these conditions is complex and indivi-
dually they are rare. However, it is estimated that the
combined birth prevalence of tracheomalacia and bronchoma-
lacia is at least one in 2,100 [189]. The most common presenting
symptoms are nonspecific, ranging from severe dyspnoea and
respiratory failure to recurrent wheeze and respiratory tract
infection. There may be diminished exercise tolerance, some-
times resembling asthma. No randomised trials have
addressed the most important complications of these dis-
orders, being recurrent lower airways infections and dyspnoea
(which, in the case of tracheomalacia or bronchomalacia, may
be due to collapse of large airways during expiration). Airway
collapse or narrowing may impair mucociliary clearance,
leading to secondary infection. Treatment is surgical for some
congenital lung abnormalities, such as CCAM, bronchogenic
cysts, and some cases of lobar emphysema and sequestration.
However, empirical drug treatment is used in many patients,
with the broad aim of preventing secondary infection and
overcoming atelectasis due to retained secretions. Hence
mucolytic, bronchodilator and antibiotic medication have all
been tried with or without physiotherapy.

Current unlicensed and off-label use
Routine treatment in many countries and centres consists of
the control of recurrent bacterial infections using antibiotic
therapy and chest physiotherapy. Studies on the efficacy and
adverse effects of prophylactic antibiotic treatment are lacking.
Prophylactic antibiotic treatment for this patient category is
off label.

The efficacy of bronchodilator drugs on relieving symptoms
may be age dependent and disease specific but has not been
addressed. The use of bronchodilators may be unhelpful in
tracheomalacia or bronchomalacia because they may exacer-
bate large airway collapse [190, 191]. Treatment with inhaled
b2-agonists for tracheomalacia or bronchomalacia is off label.

Children with both asthma and tracheomalacia pose a
therapeutic challenge because lung deposition of ICS may be
reduced. ICS are being prescribed to some of these patients
off label.

Various mucolytic or supposedly mucolytic drugs are being
administered to patients but efficacy, dosage and safety have
not been studied in randomised controlled trials. In the
literature, there is very little evidence of efficacy of N-
acetylcysteine, dornase alfa and hypertonic saline, or of their
safety, in this patient category [192].

Important research questions
1) What is the efficacy, safety and cost-effectiveness of inhaled
dornase alfa in this patient group (number of antibiotic courses
and exacerbations as outcome measures)? 2) What is the
efficacy, safety and cost-effectiveness of inhaled hypertonic
saline in patients with tracheomalacia or bronchomalacia on
the course and prevention of lower respiratory infections?
How does efficacy compare to dornase alfa? 3) What is the
optimal prophylactic antibiotic treatment for the prevention of
lower respiratory infections in patients with a tendency to
airways collapse (e.g. tracheomalacia) or who are otherwise
vulnerable to infection (e.g. CCAM)? 4) How should asympto-
matic malformations be treated?

NEUROMUSCULAR DISEASES, SLEEP DISORDERS AND
THORACIC MALFORMATIONS IN CHILDREN
Pharmacotherapy for respiratory complications in children
with neuromuscular diseases and thoracic malformations
Evidence base
Neuromuscular diseases (NMDs) comprise: cerebral palsy,
muscular dystrophies, congenital and metabolic myopathies,
disorders of the neuromuscular junction, peripheral neuro-
pathies and anterior horn cell disease (spinal muscular
atrophies). Although the origins of these disorders are entirely
different, the respiratory symptoms and morbidity overlap to a
large extent. The respiratory consequences of NMD are: a
decrease in pulmonary development in early onset diseases, a
decrease in cough efficiency and mucociliary clearance (largely
related to expiratory muscle failure), respiratory infections,
acute respiratory failure and sleep-disordered breathing (SDB)
(inspiratory muscle failure, day time respiratory failure,
kyphosis and scoliosis). In addition, in cerebral palsy patients,
oropharyngeal motor problems, gastro-oesophageal reflux
disease and chronic aspiration of food or secretions are
encountered in a large majority of children. Respiratory
symptom occurrence may sometimes be reversed, delayed or
slowed down by specific treatments of NMD. Such treatments
are not targeted on the respiratory function, but on muscular
improvement, which can be assessed by different muscular
tests and respiratory outcome measures. Muscular improve-
ment can be achieved using acetylcholinesterase inhibitors,
licensed for congenital myasthenic syndromes (CMS). There is
solid evidence for efficacy of glucocorticosteroids on muscular
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improvement for Duchenne muscular dystrophy [193].
Surgical improvement of thoracic malformations are only
partly effective, if at all. The most frequent and most common
complications of these diseases are recurrent and/or pro-
longed lower airways infections. However, no studies are
available that investigated management of these infections.

Current unlicensed and off-label use
1) There is considerable overlap with the off-label use of drugs
in children with congenital pulmonary abnormalities. Use of
antibiotic prophylaxis in patients with NMD is off label. 2) Use
of mucoactive drugs in patients with NMD is off label.
3) Unlicensed drugs for CMS are: quinidine or fluoxetine, 3,4-
diaminopyridine, acetazolamide and ephedrine. 4) There is some
weak evidence for the efficacy of b2-agonists, resulting in some
muscle strength enhancement in muscular dystrophy [194, 195]
and spinal muscular atrophy [196]. 5) Valproate is prescribed for
muscle strength enhancement to some patients with spinal
muscle atrophy based on a small study in adults [197]; no
paediatric data are available. 6) In cerebral palsy, the use of
hyoscine patches, for drying secretions, and intraparotid botuli-
num toxin are off label. 7) Use of bronchodilators to facilitate
coughing and improve mucociliary clearance is off label.

Important research questions
1) What are the efficacy, safety and adverse effects of antibiotic
prophylaxis in children with NMD? 2) What are the efficacy,
safety and adverse effects of muco-active drugs in children
with NMD? 3) Is muscle strength enhanced by the use of b2-
agonists in patients with NMD? 4) Is muscle strength enhanced
by the use of quinidine or fluoxetine, 3,4-diaminopyridine,
acetazolamide and ephedrine in patients with CMS?

Pharmacotherapy for respiratory complications in children
with sleep disorders
Evidence base
SDB is a spectrum of disorders, ranging from primary snoring to
severe obstructive sleep apnoea (OSA). Primary snoring may
affect 10–25% of children aged 3–12 yrs, and 10% of these
children may have OSA. OSA is most often due to enlarged
adenoids and tonsils, but other causes of upper airway
obstruction, such as facial or maxillofacial deformities, struc-
tural abnormalities of the upper airway such as laryngomalacia
or tracheomalacia, cystic hygroma, or various diseases such as
Prader-Willi syndrome, or mucopolysaccharidosis, may also
cause OSA. Adenotonsilectomy may be effective in SDB related
to adenotonsilar hypertrophy. Noninvasive ventilation may be
needed where surgery is ineffective or inappropriate.
Ventilatory support, preferentially noninvasive, is the treatment
of choice in case of severe SDB, but several medications, such as
local steroids [198], leukotriene antagonists [199] or both [200]
have been evaluated in children with moderate SDB. In some
diseases, specific treatments have been assessed. In children
with mucopolysaccharidosis I, laronidase was shown to be
effective in a randomised trial, resulting in general muscle
strength enhancement and improvement of sleep apnoea/
hypopnoea in more severely affected patients [201].

Current unlicensed and off-label use
Use of montelukast or nasal steroids for SDB is off label;
however, these compounds may be prescribed because of

allergic rhinitis and may improve SDB because of efficacy on
allergic rhinitis symptoms.

Important research question
Are nasal steroids and montelukast effective in SDB? Large
randomised controlled trials are needed.

PHARMACOTHERAPY FOR RESPIRATORY TRACT
INFECTIONS IN CHILDREN WITH IMMUNOLOGICAL
DISORDERS

Evidence base
This heterogeneous group of patients include those with
neutrophil disorders, antibody deficiencies, chemotherapy-
induced prolonged neutropenia, common variable immuno-
deficiencies, chronic granulomatous disease and others. These
are rare disorders, but are all associated with considerable
morbidity and mortality. The most important threats to these
patients are respiratory tract infections, progressive damage to
lungs and airways, and respiratory failure and death. Chronic
pulmonary damage can be noticed both in children experien-
cing clinically manifest respiratory tract infections as well as in
asymptomatic children [202]. Pathogens include bacteria,
viruses and fungi. New treatment modalities are being
developed, but mainly tested and carried out in adults.
International randomised clinical trials have not been carried
out consistently in the paediatric field, though it is obvious that
they are much needed. Hence, evidence-based pharmacother-
apy in these children is limited. Antibiotic prophylaxis are
prescribed on a very large scale for this category of patients,
but not evidence based. Similarly, administration of i.v. Igs is
standard treatment, but evidence comes from cohort studies
not from randomised controlled trials [203].

Current marketing authorisation
Human normal Ig solution is licensed for replacement therapy
in congenital agammaglobulinaemia and hypogammaglobulin-
aemia, common variable immunodeficiency, severe combined
immunodeficiency and IgG subclass deficiencies with recurrent
infections.

Current unlicensed and off-label use
1) There is overlap with off-label usage in congenital
pulmonary abnormalities and NMD (see information in the
previous sections). 2) See section on CAP for the licensing
status of antibiotics commonly used in the management of
respiratory infection in children. 3) Prophylactic antibiotic
treatment in the absence of symptoms is off label. 4)
Administration of Igs is off label for most respiratory diseases
in children. 5) Antifungal medication is, with the exception for
liposomal amphotericin B and fluconazole, not licensed for use
in children because of very limited data on safety, efficacy and
dosage.

Important research questions
1) What is the most effective and safe antibiotic prophylaxis for
subgroups of patients with specific immunological disorders?
2) Is the addition of antibiotic prophylaxis (directed against S.
pneumoniae, H. influenzae, Moraxella catarrhalis and M. pneumoniae)
to Ig replacement therapy in children with agammaglobulinemia,
hypogammaglobulinemia or common variable immunodefi-
ciency more effective in the prevention of chronic pulmonary
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damage than Ig treatment alone? 3) Is posaconazole superior to
itraconazole as prophylactic agent to prevent invasive mould
infections in children with acute myeloid leukaemia, severe
aplastic anaemia and myelodysplastic syndrome, and after
haemopoetic stem cell transplant [204]? 4) Is aerosolised
liposomal amphotericin B [205] more effective than itraconazole,
posaconazole or placebo in the prevention of invasive mould
infections in neutropenic paediatric patients? 5) What is the
tolerability and pharmacokinetics of posaconazole in children
aged 8–16 yrs? 6) What is the efficacy of voriconazole mono-
therapy versus combination antifungal therapy consisting of
voriconazole and anidulafungin (or caspofungin) in the treatment
of invasive aspergillosis in children with neutrophil disorders?

CONCLUSION
We conclude that there is good evidence to guide some, but by no
means all, drug treatment in children with asthma and cystic
fibrosis. However, off-licence and off-label prescribing is pre-
valent. In other, less common respiratory conditions in children,
off-licence prescribing is the rule and well-designed studies are
urgently needed. Important research areas in asthma include the
use of novel formulations and regimens, together with indivi-
dualised prescribing, based on genotype and phenotype. In CF,
new pancreatic enzyme and antibiotic formulations, together
with drugs which modify the basic defect of CF are a major
research area. Increasingly, studies will focus on screened infants
and robust outcome measures for young children are needed. For
children with CAP, evaluation of new antibacterials and
treatment regimens (particularly for improvements in side-effect
profile, ease of use or cost), together with assessment of new
sensitive rapid diagnostic tests, are a priority. In children with
pleural infection it is important to undertake studies of antibiotic
penetration into the pleural space, evaluation of new fibrinolytics
and enhanced pneumococcal surveillance. In PCD and children
with congenital pulmonary abnormalities or NMDs, the use of
drugs which are indicated for other conditions (e.g. dornase alfa
or prophylactic antibiotics) is frequent but not evidence based,
and may be harmful. Proper randomised controlled trials in these
conditions are needed. In NMDs, drugs commonly used in other
conditions may have a novel mechanism of action which needs
further evaluation. In children with immune deficiency, well-
designed studies of antibiotic prophylaxis, Ig and antifungal
drugs (including pharmacokinetics) are needed.

We have summarised the evidence for respiratory medicines in
children and suggested important research priorities to help
plug the evidence gap. There has never been a better time to
answer important clinical questions about children’s medi-
cines, in order to improve safety and efficacy. We hope that
this report of the evidence and our suggested research
priorities for respiratory medicines in children will be a useful
starting point for clinical researchers, the pharmaceutical
industry, the paediatric committee of the EMEA, academic
investigators and the lay public. From here on, new directions
in future research can be determined to further improve
respiratory health in European children.
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