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ABSTRACT
This review highlights important advances in paediatric
respiratory medicine since 2014, excluding cystic ﬁbrosis.
It focuses mainly on the more common conditions,
bronchopulmonary dysplasia, bronchiolitis and preschool
wheezing, asthma, pneumonia and sleep, and highlights
some of the rarer conditions such as primary ciliary
dyskinesia and interstitial lung disease (ILD).
In recent years, the most exciting advances in
paediatric respiratory medicine have been the use
of small molecule therapy in people with cystic
ﬁbrosis with speciﬁc gene mutations; this has been
covered in a recent review by Davies et al.1 In this
article, we have highlighted the most important
advances in respiratory paediatrics from 2014
onwards, outside of cystic ﬁbrosis.
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Bronchopulmonary dysplasia (BPD), as deﬁned by
persistent dependence on supplementary oxygen at
28 days of life or 36 weeks gestational age in
preterm infants, has a well-described association
with respiratory symptoms in childhood and adolescence.2 Advances in neonatal care since the
1990s, including the use of artiﬁcial surfactant and
more sophisticated modes of respiratory support,
have signiﬁcantly improved survival of extremely
preterm infants, although at the cost of long-term
respiratory morbidity. The EPICure cohort, born in
1995 and followed up at 11 years, showed a higher
prevalence of respiratory symptoms, airways
obstruction and bronchodilator responsiveness in
children born extremely preterm compared with
controls, with the greatest morbidity in those
infants who had BPD.3 A recent study compared
28 infants born at 24–33 weeks gestation with
BPD, with 28 matched preterm infants without
BPD, ﬁnding increased symptoms and reduced lung
function in the BPD group at 9.5 years.4 In a
cohort study in which ex-preterm infants with and
without BPD, as well as healthy infants born at
term, were followed into their mid-20s, Gough
et al5 found an increase in reported respiratory
symptoms and physician-diagnosed asthma in the
BPD group compared with full-term controls, but
not compared with the ex-preterm non-BPD group.
Forced expiratory volume in 1 s and mid-expiratory
ﬂows were signiﬁcantly lower in the BPD group
compared with full-term controls and non-BPD
preterm infants. Interestingly, a signiﬁcant proportion of preterm infants without BPD in both of
these studies still had airﬂow obstruction and bronchodilator reversibility on spirometry, despite not
reporting symptoms. Collectively, the evidence suggests that while survivors of BPD have increased

symptoms and impaired lung function in later
childhood and young adulthood, subclinical lung
function abnormalities also exist in a proportion of
those without BPD. The functional consequences
of these may be important once they reach later
adulthood, but this is not yet clear.

NEBULISED HYPERTONIC SALINE FOR
BRONCHIOLITIS
Bronchiolitis continues to be a cause of signiﬁcant
morbidity and healthcare resource use worldwide.
A Cochrane systematic review concluded that nebulised 3% hypertonic saline (HS) may signiﬁcantly
shorten length of stay in infants hospitalised with
acute bronchiolitis,6 although the studies were
mostly small and heterogeneous in design.
Subsequent trials have continued the debate. In an
emergency department setting, Florin et al7
showed no beneﬁt in 31 children following a single
dose of nebulised 3% HS compared with nebulised
(‘normal’) 0.9% saline in the respiratory distress
score at 1–2 h, or in secondary outcomes including
rate of hospitalisation. However, a larger study in
408 children <2 years compared multiple doses of
3% HS vs 0.9% saline commenced in the emergency department and continued throughout
admission.8 A reduction in admission rates was
seen in the HS group, without an effect on respiratory distress scores.8 In both groups, albuterol (salbutamol) was administered prior to the study drug.
In a double-blind, randomised controlled trial
(RCT) of 290 children aged 0–24 months admitted
to hospital with a diagnosis of bronchiolitis, treatment with nebulised 3% HS or nebulised 6% HS
was compared with nebulised 0.9% saline given
every 8 h for the duration of admission.9 All study
drug doses were given along with 2.5 mg nebulised
salbutamol. The primary outcome of length of hospital stay was not signiﬁcantly different between
the study groups, nor was there any signiﬁcant difference in the need for supplemental oxygen, tube
feeding or clinical severity scores. As with previous
studies, the use of nebulised 0.9% saline as a
control is controversial, as it is not standard treatment for bronchiolitis and it may not be without
effect. This difﬁculty was overcome by the
Hypertonic Saline in Acute Bronchiolitis RCT and
Economic Evaluation trial, which randomised
infants hospitalised with acute bronchiolitis to
receive either 3% HS (given every 6 h for the duration of admission) or standard care.10 In the 290
patients included in the analysis, there was no difference in the primary outcome of time to be
declared ﬁt for discharge, or the secondary outcomes of time to actual discharge or incidence of
adverse events. Despite the risk of potential bias,
the open design of the study enabled the active
intervention (nebulised 3% HS) to be compared
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with true standard care (no nebulised therapy), thus adding
further to the evidence of lack of beneﬁt of using HS in this
condition. The search for useful therapies continues.

NATIONAL REVIEW OF ASTHMA DEATHS
The National Review of Asthma Deaths11 is critical reading. It
highlights essential lessons for all those involved in the care of
children and adults with asthma, and reminds us that getting the
basics right is still the cornerstone of good care. This conﬁdential enquiry reviewed 195 deaths in the UK attributed to asthma
during the year from February 2012, and identiﬁed potentially
avoidable factors in over two-thirds of deaths. These included
under-recognition of asthma severity, failure to recognise poor
control (exempliﬁed by excessive prescription of reliever inhalers), inadequate prescription of preventive inhalers, inadequate
follow-up following an acute attack and poor provision of
chronic asthma services and education. Lack of appropriate
primary and specialist care was signiﬁcant, with 43% of those
who died having no evidence of an asthma review in general
practice in the year before death, and 57% not registered as
under specialist care in the year prior to death. Provision of a
personal asthma action plan was documented in only 23% of
those who died. The recommendations from this report are
comprehensive, outlining the need for structured clinical
reviews to assess asthma control, identify precipitating factors
and provide education and personalised asthma action plans, as
well as the need for electronic prescription surveillance and
national audit. Greater integration between primary and specialist services is emphasised, with clear lines of responsibility and
pathways of referral, along with attention to guideline-based
care. At every patient encounter, the need for vigilant monitoring and proactive preventative care is clear.

ASTHMA: UPDATED BTS/SIGN GUIDELINES (2014)
The 2014 revision of the British Guideline on the management of
asthma maintains many of the key recommendations of the 2011
version, with some important updates where new evidence is available.12 Signiﬁcant revisions are made to the organisation and delivery of services with emphasis on the need to prioritise and support
self-management. Key recommendations are made that relate to
the 11 speciﬁc quality statements made in the National Institute
for Health and Care Excellence 2013 quality standard for asthma.
The full updated BTS/SIGN guideline can be found at https://
www.brit-thoracic.org.uk/document-library/clinical-information/
asthma/btssign-guideline-on-the-management-of-asthma/

IMPACT OF BACTERIA ON ASTHMA DEVELOPMENT AND
EXACERBATIONS
Following evidence from the Copenhagen Prospective Study on
Asthma in Childhood indicating a link between neonatal bacterial airway colonisation and later asthma risk,13 Larsen et al14
suggested that an abnormal response to airway bacterial colonisation in infancy is associated with later development of
asthma. In their analysis of cytokine levels and T-cell activation
patterns in stimulated peripheral blood mononuclear cells from
292 infants at 6 months of age, they found signiﬁcantly elevated
levels of interleukin (IL)-5, IL-17 and IL-10 production in cells
from infants who later developed asthma, compared with those
who did not. No difference was seen in T-cell activation or peripheral T-cell composition. They suggest this altered response to
airway bacteria in early life may permit persistent colonisation
and predispose to the chronic inﬂammation of asthma. Testing
this hypothesis in other birth cohorts may give interesting
insights into early origins of asthma pathogenesis.
194

The impact of bacterial isolation and bacterial/viral
co-infection on asthma exacerbations has been studied by
Kloepfer et al.15 Using molecular detection methods, they analysed weekly nasal swabs from 308 children with and without
asthma during the peak rhinovirus season. A positive rhinovirus
PCR increased the likelihood of bacterial isolation, either concurrently or the following week, but bacterial isolation did not
increase the likelihood of subsequent viral isolation. Bacterial
isolation rates were equal between asthmatics and nonasthmatics. Isolation of either rhinovirus or Streptococcus pneumoniae was associated with moderate asthma exacerbations,
which were greater when these two pathogens were isolated
together. Co-infection with rhinovirus and either S. pneumonia
or Moraxella catarrhalis, but not Haemophilus inﬂuenza,
increased cold and asthma symptoms. These ﬁndings contribute
important information into the heterogeneity of asthma exacerbations during the rhinovirus season, and prompt further investigation into the role of pathogenic bacteria.

THE EFFECT OF ELECTRONIC MONITORING/REMINDER
DEVICES ON ASTHMA ADHERENCE AND CONTROL
Poor adherence to maintenance asthma therapies is well
described,16 17 and has been shown to be associated with
reduced asthma control.18–21 Electronic devices to monitor and
promote adherence have recently become available and are
being tested in clinical practice.22 23 In a recent study by Chan
et al,24 220 young people aged 6–15 years with asthma, and on
inhaled corticosteroids (ICS), were randomised to receive an
electronic monitoring device with an audiovisual reminder function, either enabled (intervention group) or disabled (control
group). Follow-up was every 2 months for 6 months, with the
primary outcomes being adherence to ICS and number of
school-absentee days (for any reason). A marked difference was
observed in the median adherence between the intervention
group (84%) and the control group (30%), although surprisingly no signiﬁcant difference was seen in the proportion of
days absent from school (1.9% vs 1.7%). There were, however,
signiﬁcantly greater improvements from baseline in asthma morbidity scores in the intervention group compared with the
control group, and a signiﬁcantly lower percentage of days
where a reliever inhaler was used in the intervention compared
with control group. No signiﬁcant differences were seen in lung
function or emergency department visits, however. As has been
shown previously,17 adherence fell in both groups over time, but
no difference was seen in the rate of decline between groups.
The ﬁndings of this study add to the evidence that electronic
reminder devices can improve adherence (especially in young
people in whom forgetfulness is a common cause of poor adherence23), and importantly, can have an impact on some but not
all measures of asthma control. Whether that impact is sufﬁcient, and can be sustained, is not yet clear. The additional
utility of electronic monitoring devices to help differentiate
poor response to therapy from poor adherence contributes to
the case for integrating this technology into selected clinical
settings.

INTERMITTENT MONTELUKAST FOR PRESCHOOL WHEEZE
The evidence to support the use of montelukast as an intermittent therapy for preschool wheeze is conﬂicting. One previous
RCT showed a modest reduction in unscheduled healthcare
resource usage in preschool children treated with montelukast at
the onset of each upper respiratory tract infection or asthma
symptoms,25 whereas other trials of similar design have shown
no signiﬁcant beneﬁt.26 27 Further evidence has been added by a
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recent large RCT of 1358 preschool children with a history of
previous wheezing episodes, the Wheeze And Intermittent
Treatment trial.28 Intermittent montelukast was commenced at
the start of each viral cold or wheezing episode. The investigators found no signiﬁcant difference in the primary outcome of
unscheduled medical attendances for wheezing episodes, or in
many of the secondary outcomes (number or duration of
wheeze episodes, time to ﬁrst medical attendance). Based on
previous observations that response to montelukast varies
depending on polymorphisms in the promoter region of the arachidonate 5-lipoxygenase (ALOX5) gene, the authors prospectively allocated patients into each study arm dependent on
ALOX5 promoter genotype. Patients homozygous for the major
ALOX5 promoter allele (denoted 5/5) had a reduction in
unscheduled medical attendances with intermittent montelukast
therapy compared with placebo, but this was not seen in the
other ALOX5 promoter gene classiﬁcations (5/x and xx, where
x represents any number other than 5). This ﬁnding suggests
that response to montelukast in children with preschool wheeze
is heterogeneous, and hence a therapeutic trial may still be warranted in this group: this is a more pragmatic approach than
genotyping all wheezing children.

CHANGING EPIDEMIOLOGY OF CHILDHOOD PNEUMONIA
AND EMPYEMA
The incidence of empyema in UK children increased signiﬁcantly during the late 1990s and early 2000s, along with an
increase in the incidence of pneumonia in preschool children.29 30 As S. pneumoniae is the most common pathogen to
cause pneumonia and empyema in children,31 32 the impact of
the pneumococcal conjugate vaccine (PCV) on the epidemiology
of these conditions is of particular importance. The 7-valent
vaccine, PCV7 (containing protein from serotypes 4, 6B, 9V, 14,
18C, 19F and 23F), was introduced into the UK immunisation
schedule in September 2006, and was subsequently replaced by
the 13-valent PCV13 (with the additional serotypes 1, 3, 5, 6A,
7F and 19A) in April 2010. Nath et al33 report on the incidence
of paediatric empyema in Scotland, ﬁnding that total empyema
admissions increased from the pre-PCV7 era to the 3-year
period after PCV7 introduction (driven by an increase in
children aged 1–9 years) before falling in the 3-year period after
introduction of PCV13. Empyema rates in 2013 were still signiﬁcantly higher than in 2000. Rates of pneumonia also
increased after introduction of PCV7 (although only in children
aged 5–14 years) and fell after PCV13, with no overall change
between 2006 and 2013. Of the empyema cases after 2006 in
which pneumococcal serotype data were available (<20%), all
were caused by serotypes not included in PCV7.
Data from other European and American studies have shown
reductions in pneumonia incidence shortly after the introduction of PCV7, with the effect seen in vaccinated children34–36
and older children and adults due to herd immunity.30 37 Other
studies on empyema incidence show mixed results, with a
reported decline after PCV7 in England and Wales,30 and an
observed increase in the USA.36 Data from the Health
Protection Agency show a substantial decline in invasive
pneumococcal disease following PCV7 introduction, with a
marked decline in disease due to PCV7 serotypes but a relative
increase in non-PCV7 serotypes.38 This phenomenon of serotype replacement has been observed in other studies, in which
predominantly non-PCV7 serotypes have been identiﬁed in
empyema cases in the post-PCV7 era, particularly serotypes
1, 3, 19A and 7A/F.39 40 Serotypes 19A and 3 have previously
been reported in association with more severe disease and a

greater frequency of bronchopleural ﬁstula, respectively.41 42
Replacement of PCV7 serotypes with non-PCV7 serotypes of
different pathogenicity is therefore a possible cause of the
observed increase in empyema incidence seen in the post-PCV7
era. Early data suggest that pneumonia and empyema incidence
is declining since the introduction of PCV13,33 although longer
term studies will be needed to determine if serotype replacement again occurs. Further research is still needed to determine
which factors, if any, predict risk of empyema development in
children with pneumonia.

ADENOTONSILLECTOMY FOR OBSTRUCTIVE SLEEP
APNOEA
Obstructive sleep apnoea syndrome (OSAS) is estimated to
affect 2%–5% of children, and adenotonsillectomy is the principle treatment.43 44 The Childhood Adenotonsillectomy Trial
(CHAT) compared early adenotonsillectomy against ‘watchful
waiting and supportive care’ in 464 children aged 5–9 years
with OSAS conﬁrmed on polysomnography (PSG).45 Children
with severe OSAS (deﬁned by an obstructive apnoea-hypopnoea
index of >30 events per hour; an obstructive apnoea index
>20 events per hour; or oxyhaemoglobin saturation <90% for
≥2% of total sleep time) were excluded. The primary outcome
was change in attention and executive function determined by
neuropsychological testing, and no signiﬁcant difference was
observed between the two regimens. Greater improvements
were seen in a number of secondary outcomes, however, including symptoms, PSG scores, behaviour and quality of life, in the
adenotonsillectomy group. Importantly, although a greater proportion of children in the adenotonsillectomy group had normalisation of their PSG scores, there was still normalisation of
PSG scores in 46% of those in the watchful-waiting group.
However, only 15% in this group achieved complete resolution
of symptoms.
Chervin et al46 further explored the characteristics of the
watchful waiting group to examine features that predicted resolution of PSG changes and symptoms. The only independent
predictors of PSG resolution were mild OSAS and absence of
central obesity. Symptom resolution was similarly predicted by
milder symptoms at baseline, underlining the message that
medical management alone may be appropriate for many children with mild symptoms and a mild PSG score, an approach
more in keeping with current UK practice.
Of the 221 children in the CHAT study who underwent adenotonsillectomy, the rate of postoperative complications (early
and late) was relatively low at 7%, with the most common being
dehydration and haemorrhage.47 In this population of schoolaged children with mild OSAS and without signiﬁcant
comorbidities, neither demographic factors nor PSG scores were
predictive of complications.47

ADVANCES IN DIAGNOSTICS AND PHENOTYPING
OF PRIMARY CILIARY DYSKINESIA
Primary ciliary dyskinesia (PCD) is a rare, usually autosomalrecessive inherited disorder of motile cilia, which manifests as
chronic suppurative lung disease, rhinosinusitis, hearing impairment and defects in organ laterality in approximately 50% of
cases.48–50 Diagnosis relies on clinical history, nasal nitric oxide,
analysis of ciliary beat pattern and frequency by light microscopy and ultrastructural analysis by transmission electron
microscopy (EM). The expanding knowledge of PCD-associated
gene mutations is furthering diagnostic capabilities, particularly
in up to 30% where ciliary ultrastructure is unhelpfully normal
on EM.49 To date, over 30 disease-associated mutations have
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been identiﬁed, which encode proteins involved in ciliary synthesis, structure and function, and which are estimated to
account for 60%–65% of known cases of PCD.49 51 The pace
of discovery of PCD-associated mutations is rapid, with biallelic
loss-of-function mutations in the RSPH1 gene being recently
discovered and linked with a milder disease phenotype than
‘classic’ PCD.52
In a prospective study of the phenotypic features associated
with different ultrastructural and genetic defects in 118 paediatric patients with PCD, Davis et al53 identiﬁed neonatal respiratory distress (82%), chronic cough (99%) and chronic nasal
congestion (97%) as the prominent clinical features. Analysis by
genotype and ultrastructural defect revealed signiﬁcant heterogeneity in lung disease, although particular mutations (CCDC39
and CCDC40 linked with internal dynein arm defects and
central apparatus defects with microtubular disorganisation,
respectively) were associated with more severe disease.53 The
recent advances in PCD diagnostics and the collaborative efforts
to characterise genotype–phenotype correlations should
enhance the evidence base from which improvements in management and outcomes can be achieved.
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CHILDHOOD ILD
Childhood ILD describes a diverse group of rare diseases in
which there is remodelling of the interstitium and distal airspaces, resulting in abnormal gas exchange and diffuse radiographic inﬁltrates.54 55 As the disease process may not be
conﬁned to the interstitium, the term ‘diffuse lung disease’ is proposed,54 56 which, after the exclusion of more common disorders
such as recurrent infection, BPD, cystic ﬁbrosis, aspiration lung
disease, immunodeﬁciency states, PCD and congenital cardiac
disease, incorporates a spectrum of rare disease entities largely
distinct from adult patterns of ILD. A multicentre review of 187
children under 2 years with diffuse lung disease identiﬁed a
diverse group of disorders, which could be broadly classiﬁed
according to clinical, genetic and histopathological features.56
Known genetic causes of ILD include mutations in the surfactant
protein genes (SpB and SpC) as well as mutations in the
ATP-binding cassette transporter A3 (ABCA3), involved in posttranscriptional surfactant processing, and thyroid transcription
factor 1 (TTF1), a transcription factor for SpB, SpC and TTF1.
Genotype–phenotype correlations in ABCA3 mutations have
been recently described by Wambach et al.57
An American Thoracic Society clinical guideline on the classiﬁcation, evaluation and management of childhood ILD in
infancy was published in 2013.54 Due to the rarity and diversity
of paediatric ILD there is a lack of standardisation in diagnostic
and management approaches, and importantly, no RCTs of
treatment. International collaborations, the Children’s
Interstitial and Diffuse Lung Disease Research Network in the
USA and the European Management Platform for Childhood
Interstitial Lung Disease (chILD-EU) project aim to overcome
these challenges through standardising evaluation and treatment
approaches, collection of clinical data in a centralised database
and use of a tissue biobank to enable studies into disease pathogenesis.58 Through these ambitious collaborations between clinicians, scientists and patients groups, the ultimate aim of
conducting an RCT of treatment in ILD will hopefully be
realised.
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