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Introduction

During the 2013 annual congress of the European Respiratory Society (ERS) in Barcelona, Spain, many
high-quality scientific communications were presented by members of the Paediatric Assembly. As in the
Scientific Assembly Update from the 2012 annual congress [1], officers of the scientific groups of the
Paediatric Assembly have selected and discussed the most important abstracts from each group to provide
readers with a review of the research that was presented during the meeting. It is not possible for this update
to be comprehensive as there was such a large number of contributions at the congress; instead, the update
aims to address the major areas of research in paediatric respiratory medicine.

Paediatric respiratory physiology and sleep

Forced oscillations

The forced oscillation technique (FOT) allows the measurement of respiratory impedance during tidal
breathing and is particularly suitable in young children. Several researchers are currently focusing on
applying this technique in clinical practice.

100% feasibility of the inhaled mannitol airway challenge test using respiratory system resistance at 8 Hz
(Rrsg) has recently been shown in 17 children aged 4-7 years, whereas three 3-year-old children failed to
complete the test owing to difficulty in sustaining attention [2].

ALBLOOSHI et al. [3] assessed the agreement between inhaled mannitol airway challenge (using a 50%
increase in Rrsg as the outcome) and free running exercise challenge in 28 children aged 4-7 years. The two
challenge tests yielded 65% concordance in 20 children with a history of exercise-induced respiratory
symptoms, and 100% in eight healthy children, suggesting that a mannitol challenge test combined with
FOT may help diagnose exercise-induced asthma in young children.

GAULD et al. [4] used FOT in 12 young children with spinal muscular atrophy (mean age 6.3 years). Rrsg and
respiratory system reactance at 8 Hz (Xrsg) were significantly abnormal and, in the four children who also
underwent spirometry, a linear relationship was found between Xrss and forced vital capacity (R*=0.54),
assisted peak cough flow (R*=0.43) and unassisted peak cough flow (R*=0.33). When the investigators
repeated the measurements 3-monthly over 12 months, the Xrsg z-score tended to improve (+0.44 per
annum), whereas the Rrsg z-score worsened (+0.23 per annum). GAULD et al. [4] concluded that more
research is needed to establish the value of FOT in managing individuals with spinal muscular atrophy.

RADICS et al. [5] assessed the changes in respiratory impedance during deep inspiration using the wave tube
FOT in 42 unsedated healthy term newborns. Variables were measured during natural sleep within 24 h of
birth. During a natural sigh, elastance increased with the increase in volume, whereas airway resistance
decreased, reaching a minimum before the inspiratory volume peaked, which suggests that active
mechanisms are involved. These data show that impedance can be measured during deep inspiration in
unsedated newborns on their first day of life.

Multiple-breath washout

Several studies have reported multiple-breath washout (MBW) to be a feasible and potentially useful
technique for research and clinical application in young children with cystic fibrosis (CF) [6]; indeed, a
technical consensus statement on this technique has recently been published [7]. Several researchers are
currently considering this technique from a technical viewpoint in young children and extending its
implementation in the clinical setting to diseases other than CF.

Among others, SCHMIDT et al. [8] evaluated, using a new lung model, the in vitro accuracy of two
commercially available MBW setups, one using sulfur hexafluoride (SF6) for infants and one using helium
for preschool children. The preschool MBW setup was also validated in vivo versus plethysmography in
20 preschool children. In vitro comparison showed only slight differences in the measured functional
residual capacity (FRC) both in the infant model (mean relative difference 1% in the FRC range
80-300 mL) and in the preschool model (relative difference up to 13% in the 400 mL FRC setting, -2% in
the FRC range 600-1400 mL), whereas in vivo FRC measured by plethysmography exceeded FRC measured
by MBW by 38% (1081 versus 676 mL), perhaps owing to physiological variability and differences in
measurement techniques.

To improve its feasibility in paediatric clinical settings, STANOJEVIC et al. [9] measured nitrogen MBW in 42
healthy children and 37 children with CF. They found that the average lung clearance index (LCI) from
several MBW trials overestimated the best LCI (from the first acceptable trial, with a breathing pattern most
closely reflecting quiet tidal breathing) in 70% of children, suggesting that reporting the LCI from the best
trial may minimise testing time and improve accuracy.
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To find out more about LCI diagnostic sensitivity in asthma, HATZIAGOROU et al. [10] assessed ventilation
inhomogeneity in 18 children with well-controlled severe asthma and normal spirometry compared with 18
healthy age-matched controls. LCI was significantly higher in children with asthma than in controls,
suggesting that LCI is more sensitive than spirometry in detecting lung function abnormalities in children
with well-controlled severe asthma.

In a similar study, FucHs et al. [11] assessed LCI using nitrogen MBW in 89 patients aged 4-73 years who
had PiZZ o, -antitrypsin deficiency compared with 40 controls aged 7-84 years. Mean LCI was significantly
higher in patients than in controls (9.0 versus 6.5), showing ventilation inhomogeneity in patients. When
compared with spirometry, LCI gave concordant results in 71% of patients (31 with abnormal LCI and
abnormal spirometry, and 32 with normal LCI and normal spirometry), but 25 (28%) patients had
abnormal LCI and normal spirometry, confirming that LCI is more sensitive than spirometry for
monitoring o,-antitrypsin deficiency-related lung disease.

Finally, YAMMINE ef al. [12] studied ventilation inhomogeneity at school age (mean age 10.1 years) in 34
children born preterm (mean gestational age 28.6 weeks) and 27 term-born controls using nitrogen MBW,
nitrogen single-breath washout (SBW) and helium/SF6 mixture SBW at school age. Although no significant
difference was found in LCI between children born preterm and controls, ventilation inhomogeneity in the
conductive airway zone (Scond) and the phase III (SIII) slope was higher in children born preterm than in
controls, suggesting that ventilation inhomogeneity in the lung periphery is more affected than global
ventilation inhomogeneity in former preterm children at school age.

Reference values
Several groups have focused on determining appropriate reference values for various tests.

GAULD et al. [13] found that the existing reference equation for height prediction from ulna length [14] in
older children overestimated height in 234 2-6 year-old-children and provided appropriate reference
equations for estimating height in children with mobility or joint problems in this age range.

Conversely, focusing on spirometry, HULS et al. [15] aimed to validate the recently published Global Lung
Initiative (GLI) reference values for spirometry [16] in comparison with the spirometry reference values
published by ZAPLETAL et al. [17]. HULS et al. [15] assessed 1843 4—18 year-old-children from the LUNOKID
(Lungenfunktions-Normalwerte bei Kindern in Deutschland) study under field conditions in three German
communities. They found that lung function not only depended on the child’s height, as in the Zapletal
equation, but also depended in a nonlinear way on age, as in the GLI equation. Compared with the GLI
data, a significantly smaller percentage of children than the expected 5% (0.9-1.8% depending on age) had a
forced expiratory volume in 1 s (FEV1) below the lower limit of normal.

INNOCENTI et al. [18] reported a reference equation for the 6-min walk test calculated from 261 healthy
Italian children aged 6-11 years. When adjusting for the other covariates, age, height and weight
were independently correlated with the 6-min walk distance and explained 25% of the variability in the
distance covered.

MENOU et al. [19] provided reference values for offline exhaled nitric oxide obtained from 88 healthy
school-age French children. They also measured nasal nitric oxide in 31 children. Collecting gas samples
from the upper and lower airways in an offline manner has the advantage of improving screening and
follow-up for respiratory diseases.

Functional monitoring of sleep disordered breathing

VAN HOLSBEKE et al. [20] investigated whether a three-dimensional pharyngeal airway reconstruction built
from computed tomography (CT) images predicted obstructive sleep apnoea (OSA) severity better than
clinical markers in 23 children with OSA diagnosed using polysomnography and 10 controls. Functional
imaging variables highly correlated with OSA severity and were a more powerful correlate of upper airway
patency than clinical scores. These data also suggested that the new technique might detect differences in the
upper airway of those subjects who will not benefit from local upper airway treatment.

KHIRANI ef al. [21] evaluated whether routine carbon dioxide measurement might be useful during 221
polygraphies in children with suspected OSA (72%), neuromuscular disease (21%) or lung disease (7%).
The percentage of hypercapnic patients ranged 20-60%, did not differ between groups and correlated
weakly with the apnoea/hypopnoea index and oxygenation indices, suggesting that a systematic nocturnal
carbon dioxide recording is useful in all children presenting with sleep disordered breathing, whatever the
underlying disease.

459



PAEDIATRICS IN BARCELONA | F. MIDULLA ET AL.

ALONSO-ALVAREZ et al. [22] studied the reliability of home respiratory polygraphy for diagnosing sleep
apnoea—hypopnoea syndrome (SAHS) in 50 children with a mean age of 5.3 years. Compared with
polysomnography performed in a sleep lab, when polygraphy was performed at home or in the laboratory,
several SAHS indices yielded a large area under the receiver operating characteristic curve, confirming that
home respiratory polygraphy is a useful technique for diagnosing SAHS in children.

Paediatric asthma and allergy

Preschool wheeze

It all starts in the womb: asthma exacerbations during pregnancy and oral corticosteroid use have a
significant effect on birth weight and pre-term delivery. Equally important is moderate-to-severe asthma
during pregnancy, which is associated with an increased risk for small-for-gestational-age babies [23],
possibly leading to lower lung function in adult life [24]. In a large birth cohort study, HALLBERG ef al. [25]
demonstrated that early onset asthma also resulted in lower lung function in adolescence, even if the
symptoms were transient. In another birth cohort study, LopruP-CARLSEN et al. [26] showed that lung
function trajectories in atopic disease start from birth and thereafter remain unchanged. Hence, a low lung
function trajectory in atopic asthma will lead to lower lung function in adolescence, a phenomenon called
“tracking”. LUKKARINEN ef al. [27] demonstrated that atopic sensitisation at first wheeze is associated with
longer daily asthma controller therapy. Having better ways of predicting asthma would make it easier to
treat the appropriate wheezy children subgroup.

Although volatile organic compounds can now be collected and analysed from exhaled breath, as yet no data
have proved their clinical value in diagnosing wheezing in preschool children [28]. Most asthma episodes
are provoked by viral infections, which may be mistreated by prescribing antibiotics. GEDIK et al. [29]
reported that diagnosing childhood asthma early and starting timely treatment with anti-inflammatory
medications resulted in a marked decrease in antibiotic use. STENBERG HAMMAR et al. [30] suggested that apart
from viral infections, bacterial pathogens, including Moraxella catarrhalis, may also act as triggers of acute
wheeze in preschool children.

KLok et al. [31] measured adherence to inhaled corticosteroids daily for 12 months in 2—6-year-old children
using Smartinhaler (Nexus 6, Auckland, New Zealand) devices. They found a surprisingly high median
adherence rate of 87% (interquartile range 61-94%). All studied children were taking part in an extensive
self-management training programme [32]. It has been recommended that drug administrations should be
reduced as a way of increasing adherence. However, in this young age group, KLoxK et al. [33] also showed
that although once-daily dosing was associated with slightly higher adherence rates, there was an increase in
the number of days without medication; they thus concluded that reducing corticosteroid therapy from
twice to once daily does not improve adherence in children receiving guideline-based asthma care.

Asthma control

According to recent asthma treatment standards, treatments primarily aim to control asthma; a recent
review attributes a lack of control to many factors [34]. ILYENKOVA et al. [35] demonstrated that
uncontrolled asthma may be due to infection with Mycoplasma pneumoniae or Chlamydia pneumoniae.
KREGGEMIER et al. [36] again emphasised the need to get the basics of asthma treatment right, clarifying that
true therapy-resistant asthma is a rare event. In 97% of tested children in a hospital-based asthma clinic,
asthma improved when attention focused on comorbidities (“asthma plus”), a wrong diagnosis (“not
asthma at all”), incorrect inhaler technique, ongoing exposure to environmental triggers and poor
adherence to treatment. Growing evidence indicates a positive correlation between asthma and obesity in
children and adults. Despite these emerging findings, while reporting blood leptin and adiponectin levels to
be higher in obese than in non-obese asthma patients, WAHAB et al. [37] found no significant difference in
blood protein levels with stratification for asthma severity. Fascinating new data have now become available
from the child asthma control test (cACT). Parents’ and children’s cACT scores differ significantly, with
parents tending to under-report and children to over-report [38]. In a randomised controlled trial, the
BATMAN (Better Asthma Treatment: Monitoring with ACT and Nitric oxide) study, VOOREND-VAN BERGEN
et al. [39] showed that monthly cACT testing led to a reduction in inhaled corticosteroid use but left asthma
control unchanged.

Severe asthma

Children with severe asthma are a difficult group to treat, and an especially challenging task is to identify the
success of a particular drug. In an effort to seek information on individual drug responses, VAN SPRANG et al.
[40] analysed lung functions (peak expiratory flow) twice daily and compared responses to medication
changes. While the concordance between this method and the clinical response was poor, the authors
postulated that identifying both concordant (true-positive and true-negative) and discordant (false-positive
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and false-negative) subgroups could be valuable in supporting the effectiveness of inhaled corticosteroids or
identifying groups for whom other factors might be more effective.

Treating gastro-oesophageal reflux with proton pump inhibitors in children with asthma generally yields
disappointing results. Accordingly, AL-BILTAGI et al. [41] showed that domperidone plus esomeprazole was
more effective than esomeprazole alone in improving the endoscopic reflux score, cACT scores and FEV1
(% predicted), but only in children with difficult-to-treat asthma.

Anti-immunoglobulin E therapy is a relatively new treatment modality now also available for asthmatic
children <12 years of age. NAMAZOVA-BARANOVA et al. [42] and Kopp et al. [43] reported that anti-
immunoglobulin E therapy is associated with improved quality of life, fewer asthma exacerbations, but not
with increased physical activity.

Finally, data are now available that show how long it is until a child is fit to fly again after an asthma
exacerbation requiring oxygen administration. PENA et al. [44] reported that all children hospitalised for
asthma exacerbations requiring oxygen administration passed the hypoxia test 48 h after oxygen removal.

Cystic fibrosis

Lung function and imaging

Early lung disease in CF has attracted much attention during the past decade owing to information from
several studies showing that lung disease starts early in life before conventional methods, such as
spirometry, can be used to measure lung function. Ample evidence confirms that MBW with SF6 as a tracer
gas is a sensitive method for detecting early lung disease in children with CF from preschool age; however,
few studies exist in newborn babies [45]. In a recent study, LCI proved age-dependent up to 6 years of age
but not thereafter [46]. The introduction of newborn screening and diagnosis 4-6 weeks after birth has
made it possible to investigate the lungs exposed to infection during this short time.

In 23 infants newly diagnosed with CF at a median age of 6 weeks, KIENINGER ef al. [47] found LCI levels
within the normal range in 22 out of 23 children. In contrast, STAHL et al. [48] found a significantly higher
LCI in CF children with a mean age of 1.3 + 1.0 years compared with controls, implicating the importance
of screening and early treatment to keep the lungs normal.

THIA et al. [49], from the London Cystic Fibrosis Collaborative group, followed 55 CF infants diagnosed
using newborn screening and a control group, and measured FEV0.5 and LCI using MBW SF6 at ages
3 months, 1 year and 2 years. FEV0.5 was significantly decreased at 3 months of age but improved at 1 and 2
years, whereas LCI was higher in CF children than in the healthy control group at 1 and 2 years but
remained stable over time. How this study compares with others showing progressive structural lung disease
remains unclear.

RAMSEY ef al. [50], from the AREST (Australian Respiratory Early Surveillance Team) study group, assessed
lung function at school age (median age 6.4 years) in children with CF detected using newborn screening
followed by repeated high-resolution computed tomography (HRCT) and bronchoalveolar lavage (BAL) at
age 3 months to 2 years. The presence of air trapping on HRCT, lower airway infection and free elastase in
BAL fluid in infancy were associated with reduced lung function at school age. In a previous article, this
group had already shown that free elastase in BAL fluid early in life is associated with bronchiectasis in
preschool years [51].

The London group has shown that pathology indicative CT and LCI develop early in life and can be used to
detect early lung disease and predict lower lung function at a later age [52, 53]. As in previous years, the
argument for bringing the CT scan and MBW forward as clinical end-points and relating these
investigations to the various clinical outcomes is still hot topic [54]. In two studies, SHEIKH and co-workers
[55, 56] showed that HRCT during general anaesthesia and infant lung function testing (raised volume
thoraco-abdominal compression technique) during sedation improved after intravenous antibiotic therapy
in at total of 49 infants (21 in one study and 28 in the other) with CF at a mean age of 21 weeks,
underscoring that untreated CF is a progressive disease.

WELSH et al. [57] and AL-KHATHLAN et al. [58] investigated the effect of i.v. antibiotics on LCI during
pulmonary exacerbations in older children. While WELSH et al. [57] found an improvement in LCI after
treatment, AL-KHATHLAN ef al. [58] did not. These contrasting results may reflect the different severity levels
of lung disease at the start of treatment.

An important requirement is a reliable and valid scoring system for CT scans. Kuo et al. [59] compared two
scoring systems for bronchiectasis in early CF lung disease, the CF-CT scoring module and the airway/artery
(AA) ratio. When used to score 20 patients at 2-3 years of age and later at 4-5 years of age, the AA ratio
detected significantly less bronchiectasis in the younger than the older age group, perhaps because the
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younger group included fewer AA pairs for analysis than the older group and because the CF-CT scoring
system included airways deemed abnormal not accompanied by an artery. BorTOLUZZI et al. [60] related the
CT score at a mean age of 8 years to the risk of subsequent Pseudomonas aeruginosa infection and found a
significant association between early lung structural damage and later chronic P. aeruginosa infection.

MBW with nitrogen (N,) is a sensitive but time-consuming method for detecting ventilation
inhomogeneity in CF patients. To investigate this drawback, HouLtz et al. [61] assessed whether SBW
either after a vital capacity manoeuvre (SBW VC SnllI) or after inspiring 1 L of pure oxygen (SBW FRC+1L
SnlIll) was as sensitive as LCI in detecting ventilation inhomogeneity. The results showed that the SBW
FRC+1L SnlII was nearly as sensitive as LCI, whereas the SBW VC SnllII analysis was not. LINDBLAD et al.
[62] measured LCI (MBW N,) over 1 year and showed a larger variation of LCI in patients with lower FEV1
and higher LCI, but similar values when related to the LCI level.

Exercise and physiotherapy

Physiotherapy is the most time-consuming part of the CF treatment routine and has a known low
adherence over time. The effect of physiotherapy on lung function is difficult to evaluate both in the short-
and long-term. A recent Cochrane review investigating the benefit of physiotherapy in CF patients identified
few randomised studies that evaluated the various physiotherapy methods; some studies showed positive
short-term effects but none were able to show long-term effects [63].

Using electrical impedance tomography, WETTSTEIN ef al. [64] investigated the effect of continuous positive
airway pressure (CPAP) and positive expiratory pressure (PEP) on gravity-dependent ventilation in
different body positions (sitting and right lateral position) in nine adult CF patients and 11 healthy controls
during spontaneous breathing. In the sitting position, both lungs were equally ventilated, whereas in the
right lateral position, dependent ventilation increased to 64% in healthy subjects and 65% in CF patients.
CPAP enhanced the beneficial effect in both groups but PEP neutralised the improvement, suggesting CPAP
and PEP cannot be used interchangeably.

In a study designed to measure short-term physiotherapy-induced changes with MBW N, PFLEGER et al.
[65] found a variable LCI response, either an increased or decreased ventilation inhomogeneity, probably
the result of opening up previously poorly ventilated areas.

Exercise in CF is increasingly recognised to be important to the maintenance of good lung function and
bone health, and to the patient’s sense of wellbeing [66, 67]. The following three presentations at the ERS
congress discussed physical activity levels and the potential benefits induced by an active lifestyle. Using a
questionnaire, KARAPANAGIOTIS et al. [68] investigated the exercise and sports habits of children with CF
who were 6-18 years of age, and found activity levels to be similar to healthy peers. Sav1 et al. [69] assessed
hand-grip strength and daily activity levels as measured using a SenseWear accelerometer (BodyMedia Inc.,
Pittsburgh, PA, USA). Patients were studied at rest and during a symptom-limited incremental exercise test
(cardiopulmonary exercise testing). The authors found a close relationship between vigorous daily activity
and cardiopulmonary exercise testing, and between moderate and vigorous daily activity and hand-grip
strength. In a small sample of patients who underwent a 1-month physical fitness programme, LASKINE et al.
[70] found that regular exercise can decrease airway inflammation.

Microbiology

Several studies have found anaerobic bacterial growth in CF airways [71, 72]. The clinical importance of this
finding is unclear. BERTELSEN et al. [73] reported that in airway epithelial cells pre-incubated with Prevotella
spp. under anaerobic conditions, interleukin-8 release was reduced after exposure to Prevotella nigrescens
followed by P. aeruginosa, indicating that anaerobic bacteria in the airways may have anti-inflammatory
properties.

The pattern of pathogens in the lungs is changing over time, with new pathogens coming into focus [74].
An increasing problem with Mycobacterium abscessus infection was recognised in a study by KUMAR et al.
[75], who showed that incidence increased from 1.5 to 2.7% from 2007 to 2012, whereas the incidences of
other non-tuberculous mycobacteria infections decreased.

GODBERT and BRIAULT [76] and ROBSON et al. [77] compared patients before and after acquiring chronic
Achromobacter xylosoxidans infection. Both groups detected an increased exacerbation rate, and GODBERT
et al. [76] demonstrated a faster decrease in FEV1 in A. xylosoxidans colonised patients compared with
uncolonised controls.

FUsTIK ef al. [78] and VANDERHELST et al. [79] showed that methicillin-resistant Staphylococcus aureus can be
eradicated some time after the first isolation. They used different eradication policies: FUSTIK et al. [78]
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administered two oral antibiotics for 4 weeks plus nebulised vancomycin for 2 weeks; VANDERHELST ef al.
[79] administered two oral antibiotics for 6 months.

Allergic bronchopulmonary aspergillosis is an increasing problem in the CF population and its treatment
with long-term high-dose prednisone predisposes to diabetes and decreased bone mineral density. AMADDEO
et al. [80] reported a steroid-sparing effect of omalizumab in four CF patients with allergic
bronchopulmonary aspergillosis; steroid treatment could be withdrawn within a couple of months.

The association between viral respiratory infections, in particular rhinovirus, and pulmonary exacerbations
is well described [81, 82]. SHAH er al. [83] found no differences in the pathogenicity of individual rhinovirus
groups, but virus-associated exacerbations had a greater impact on lung function, length of treatment and
time to next exacerbation than exacerbations in which no rhinovirus was detected.

Complications

Fatigue is a complication that is rarely reported in the literature and when discussed clinically, is attributed
to lung function and inflammation. JARAD et al. [84] evaluated adult CF patients using three questionnaires
for fatigue: the Chalder fatigue questionnaire, the St Mary’s Hospital sleep questionnaire, and the scaled
General Health and Hillier questionnaire (GHQ). Males and females with CF had significantly higher
fatigue scores than healthy controls, with a close correlation between the fatigue score and the sleep
questionnaire and GHQ scores, but not with objective measures such as FEV1 or inflammatory variables.

Another important clinical problem in CF is the involvement of the sinuses. Di Cicco et al. [85] studied 882
children with CF over 12 years to detect sinonasal mucoceles. 38 children benefitted from endoscopic sinus
surgery; in all of them, clinical improvements as well as a reduction in the use of antibiotics were achieved.

In a study comparing the sweat chloride levels of healthy smokers and smokers with COPD with those of
healthy controls, Raju et al. [86] showed that smokers had significantly higher sweat chloride levels than
normal controls. CF transmembrane conductance regulator (CFTR) activity was also decreased in human
bronchial epithelial cells exposed to plasma from smokers, suggesting that a circulating factor can confer
CFTR dysfunction. This finding indicates that cigarette smoke can cause systemic CFTR dysfunction, thus
providing a potential explanation for the incidence of CFTR-associated disorders in smokers.

Paediatric respiratory infection and immunology

Viral infections

In infants, respiratory syncytial virus (RSV) bronchiolitis remains a major cause of morbidity, with few or
no treatment options for acutely ill infants other than supportive care. In a mouse model, antibody-
mediated neutrophil depletion in animals infected with a clinical RSV strain (isolate A2001/2-20) resulted in
less pulmonary tumour necrosis factor and reduced airway mucin production in the lung [87]. Because
neutrophils are a central component in the RSV-triggered inflammatory response, SAINT ef al. [88] studied
the role of neutrophils in mediating RSV clearance. In purified blood neutrophils, they found evidence to
suggest that neutrophils initially internalise the destroyed RSV. Airway neutrophilia in RSV bronchiolitis is
triggered by infection in the airway epithelium. As knockdown of the E3 ubiquitin ligase RNF168 in airway
epithelial cells supports intracellular RSV replication, JEYATHESWARAN et al. [89] infected A549 cells with
RSV and assessed RNF168 protein expression by Western blot. Overall, after RSV infection, airway cells
underwent significant RNF168 expression downregulation. If this event happened in vivo, it could be
associated with impaired immune clearance. By contrast, the antiviral protein interferon-y increased
RNF168 expression.

Prematurity increases the risk of developing clinically severe RSV bronchiolitis. To assess whether some
premature infants are genetically predisposed to clinical bronchiolitis, DRYSDALE et al. [90] followed infants
discharged from a single maternity unit, and tested nasopharyngeal aspirates whenever infants had a lower
respiratory tract infection. When these data were linked to 11 single nucleotide polymorphisms, an
association was found between an single nucleotide polymorphisms in ADAM33 and increased risk of
developing an RSV-associated lower respiratory tract infection. Hence, both genetic factors and prematurity
may enhance vulnerability to RSV infection.

In older infants and preschool children, RV is a major trigger of lower respiratory tract symptoms. In a
prospective study of 152 infants born at <36 weeks’ gestation, RV-associated lower respiratory tract
infections were linked with increased health-related costs of care during infancy, and RV-infected infants
suffered greater chronic respiratory morbidity [91]. A study by Mack et al. [92] suggests that these
symptomatic RV infections are the tip of a very large iceberg. The researchers collected weekly nasal swabs
from 40 term infants over 12 months. RV was found in 27% of the 1298 swabs analysed, and in 79% of
cases in which RV was detected, the child was clinically asymptomatic. In contrast, KANIK et al. [93] focused

463



PAEDIATRICS IN BARCELONA | F. MIDULLA ET AL.

on the symptomatic spectrum of RV infection. Nasal swabs were taken from 275 children hospitalised for
respiratory symptoms in a Turkish tertiary care centre over 12 months. Rhinovirus was the most frequent
virus isolated (8.7%). Dual infection with RV and RSV may also be clinically important given that in a study
including 1992 hospitalised episodes of acute respiratory infections in Vietnamese children, dual infection
was found to be associated with an increased risk of lower respiratory symptoms [94].

Bacterial infections

Empyema as a complication of bacterial pneumonia is an important cause of morbidity and mortality in
children, and is most frequently caused by Streptococcus pneumoniae. There is some concern that although
the 7-valent pneumococcal conjugate vaccine has significantly decreased pneumonia admissions, serotype
replacement may have increased severe empyema [95]. Differences in serotype may explain the differences
in the clinical course of empyema between countries, although a more likely explanation may be the
variation in its clinical management. In a retrospective study of 63 children admitted to a Guatemalan
hospital with pneumonia and empyema, ESCOBAR et al. [96] reported that 24% of children underwent open
thoracotomy and decortication, with an overall mean hospital stay of 23 days. In contrast, PROESMANS et al.
[97] reported a median hospital stay of 13 days in children treated initially with a chest drain and
fibrinolytics in Belgium.

One complication associated with empyema is necrotising pneumonia, previously reported to be associated
with a prolonged hospital stay [98]. Reassuring evidence that necrotising pneumonia, independent of
empyema, does not add to morbidity was provided by BLANCHON et al. [99], who compared outcomes from
23 children with empyema without necrotising pneumonia (using a CT scan) with those from 24 children
with both empyema and necrotising pneumonia. No difference was found in the children’s symptoms,
microbiology (S. pneumoniae in 14 and 20, respectively), need for lung surgery or length of hospital stay.
The complication rate was similar for the two groups.

Although bacterial infection is the major cause of empyema in children, other stimuli may play a role in
increasing vulnerability to bacterial adhesion and invasion. For example, it was reported that cigarette
smoke upregulates S. pneumoniae adhesion to airway cells via a platelet-activating factor receptor-
dependent interaction [100]. In this model, S. pneumoniae hijacks the platelet-activating factor receptor to
adhere to host cells and then enters cells as the receptor is internalised [101]. Viruses such as rhinovirus also
upregulate bacterial adhesion to lower airway cells [102]. More obscure viruses may also be important in
predisposing to empyema. In a prospective study of 28 children in a French paediatric intensive care unit
with parapneumonic empyema, a bacterial pathogen was isolated from the pleural fluid (19 x S. pneumoniae
and 2 x S. aureus) in most cases, and in many of these a respiratory virus was isolated from a concomitant
nasal sample (rhinovirus, bocavirus, parainfluenza, human coronavirus, RSV, adenovirus). In six of the
children with S. pneumoniae empyema, the pleural fluid contained the new torque teno mini virus [103]. To
date it remains unclear whether torque teno mini virus increases bacterial adhesion to airway cells; this is an
area requiring further study.

Neonatology and paediatric intensive care

Neonatology

There is increasing awareness that in preterm infants with immature lungs, initial ventilatory management
may play a crucial role in respiratory disease development in the neonatal period and may even affect the
long-term outcome. In this respect, the first few hours of life may be viewed as “golden hours” for the lung
and cutting-edge neonatal research has focused on delivery room practices and on optimisation of alveolar
and vascular transition at birth. Recently, it was suggested that delaying cord clamping until after the onset
of ventilation will markedly improve cardiovascular function by increasing pulmonary blood flow and
thereby keeping the cardiac output stable, leading to a smoother transition to extrauterine life [104]. These
are intriguing data that improve our understanding but also challenge current practice.

Effective ventilation is fundamental to successful resuscitation of the compromised newborn. When they
evaluated the use of a respiratory function monitor during resuscitation of preterm infants, MILNER et al.
[105] found that most trainees considered the monitor helpful, but its usefulness depended on the level of
experience of the user. Neonates are usually resuscitated with a facial mask in the delivery room. BHAT et al.
[106] have demonstrated that increasing peak inspiratory pressure during the first five inflations leads to
more effective ventilation, with tidal volumes exceeding anatomical dead space. A short nasal tube has been
suggested as an alternative interface to avoid the leak and airway obstruction commonly seen during mask
ventilation. Two randomised controlled trials were reported in 2013, which compared mask use with a nasal
tube and included a total of 507 preterm infants; neither showed differences in intubation rates and short-
term outcomes [107, 108].
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Spontaneously breathing preterm infants can be safely stabilised using noninvasive respiratory support,
such as nasal CPAP, at birth. This requires a strategy of surfactant administration at a later stage, and new
techniques for surfactant therapy are gaining intense interest. Minimally invasive surfactant therapy, in
which a narrow-bore catheter is inserted into the trachea, has been studied in an open feasibility trial and
has been shown to result in a sustained reduction in oxygen requirement and a decreased need for
intubation in the most preterm infants (25-28 weeks gestation) [109]. In a randomised trial of 200 preterm
infants, which compared the thin catheter technique (referred to as Take Care in this study) with the InSurE
(Intubate, Surfactant, Extubate) approach, the Take Care technique significantly reduced the need for
mechanical ventilation as well as the bronchopulmonary dysplasia (BPD) rate compared with InSurE [110].
In a meta-analysis of seven studies comprising 3289 infants, FISCHER and BUHRER [111] investigated how
strategies to avoid mechanical ventilation influence the incidence of BPD. Their meta-analysis showed that
avoiding intubation and mechanical ventilation significantly reduced BPD, although the effect size was
moderate (OR 0.83, number needed to treat 35). This finding is intriguing and requires further
investigation that addresses both the potential benefits of spontaneous breathing, particularly during
surfactant administration, and the need for analgesia and sedation during direct laryngoscopy. A centre
using the thin catheter technique for surfactant therapy as part of a more extensive protocol for gentle
delivery room management, reported a follow-up of infants born <26 weeks and showed that
neurocognitive outcome was normal in 70% [112].

The revised European consensus guidelines on management of neonatal respiratory distress syndrome now
recommend CPAP from birth and early rescue surfactant followed by rapid extubation when possible [113].
These guidelines also address oxygen supplementation beyond stabilisation and recommend a saturation
target of 90-95% for preterm infants receiving oxygen. This target is in line with the results from the
recently published BOOST (Benefits of Oxygen Saturation Targeting) II trial, which reported that targeting
oxygen saturation below 90% in extremely preterm infants is associated with an increased risk of death
[114]. This large, international, randomised trial is now the basis for revised protocols regarding oxygen
supplementation in neonates around the world.

The quest for improving both short- and long-term pulmonary outcomes following preterm birth
continues. POLYCARPOU et al. [115] reported results from a randomised trial of oral L-arginine
supplementation to very low birth weight infants. In this small trial of 74 infants, the nitric oxide
precursor L-arginine increased survival without BPD. ZivaNoviC et al. [116] presented lung function data
from a subset of children from UKOS (United Kingdom Oscillation Study) at 12 years of age, which
suggested that small airway function deteriorated over time in children born very prematurely and that this
happened regardless of previous BPD. Conversely, using HRCT in a small group of adult BPD survivors,
CASKEY ef al. [117] found significantly more structural abnormalities in BPD survivors than in individuals
born preterm without BPD. A systematic review showed that preterm survivors are at risk of long-term
deficits in FEV1, even those who do not develop BPD [118].

Paediatric intensive care

High-flow nasal cannula (HENC) is a respiratory support modality that has been rapidly established in
clinical practice, both for neonatal and paediatric patients. The benefits of HFNC include easier nursing
care, increased comfort and less severe nasal trauma than with nasal CPAP. Disadvantages include a lack of
airway pressure control and the potential risk of inadvertent high pressure if the nostrils are occluded, a
concern primarily for smaller babies. A recently published state-of-the-art review regards HENC as a
valuable treatment tool in bronchiolitis [119]. In a prospective observational study, KRIVEC et al. [120]
enrolled 39 children <24 months of age with acute viral bronchiolitis and showed that HFNC effectively
improved physiological respiration and gas exchange variables. These results are in line with other recent
clinical trials, which demonstrated improved breathing patterns and rapid respiratory muscle uploading
after HFNC treatment for viral bronchiolitis in infants [121].

HENC is an increasingly popular alternative to nasal CPAP for noninvasive respiratory support in preterm
infants, but until now efficacy and safety data have been lacking. In a multicentre study, designed as a non-
inferiority trial, 303 infants were randomised post-extubation to either HFNC or nasal CPAP [122]. The
primary outcome measure was treatment failure within 7 days; HFNC was close to the non-inferiority
margin, but almost half of the infants in whom HFNC treatment failed could be successfully rescued with
CPAP without reintubation. Apart from a significantly lower incidence of nasal trauma in the HENC group,
no differences were found for serious adverse events, thus providing good evidence that HENC is a safe
treatment alternative, even in the smallest infants.
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Paediatric respiratory epidemiology

Early life risk and protective factors for respiratory disorders

In recent years, intensive research has focused on early life risk and protective factors for respiratory
disorders [123]. The information gained has facilitated a number of ongoing birth cohort studies
prospectively collecting information on possible risk and protective factors commencing at pregnancy.

Combining data from birth cohorts participating in the CHICOS (Developing a Child Cohort Research
Strategy for Europe) project, ZUGNA et al. [124] found an association between pre-eclampsia, being
overweight and obese pre-pregnancy, and recurrent wheeze in the first 2 years of life. Other studies have
recently confirmed the association between pre-pregnancy obesity and maternal weight gain in pregnancy
with wheezing in the offspring [125]; however, rare conditions such as pre-eclampsia need to be investigated
in collaborative studies in larger populations and wider settings.

Also in the CHICOS project, the meta-analysis of SONNENSCHEIN-VAN DER VOORT et al. [126] demonstrated
an association between infant weight gain and preschool wheezing and asthma at school age.

SONNENSCHEIN-VAN DER VOORT et al. [127], DE KORTE-DE BOER et al. [128], and PIKE ef al. [129] conducted
cohort studies assessing the relationship between early growth (measured as weight and weight gain, height
and height gain, and body mass index (BMI)) and later wheezing/asthma or lung function; others have also
recently published their results [130]. The findings appear to be contradictory. One reason for the noted
discrepancies could be the methods used to evaluate growth rate. In a study investigating the causal effect of
BMI, fat and lean mass on childhood asthma, GRANELL et al. [131] used Mendelian randomisation. They
were able to do so because genome-wide studies have identified 32 independent loci associated with BMI
[132]. The estimated causal risk ratio (95% CI) for the effect of BMI on asthma at 7 years of age was 1.55
(1.16-2.07), with a stronger effect in girls.

In their study conducted during the first year of life of children participating in the Swedish birth cohort
BAMSE (Barn/Children, Allergy, Milieu, Stockholm, Epidemiological survey), SCHULTZ et al. [133] found
that exposure to traffic-related air pollution (nitrogen oxides) negatively affects lung function in
adolescence, thus confirming the results of a previous study performed in 8-year-old children [134]. The
effects of chronic exposure to air pollution on children’s respiratory health have recently been investigated
in the PATY (Pollution and the Young) project, which assembled data from children in 12 countries and
found positive associations between the average particulate matter with an aerodynamic diameter of 10 um
(PM10) concentration and phlegm, bronchitis and cough [135].

Another major “environmental” factor in early life is nutrition. Numerous studies have investigated the
relationship between infant feeding practices and respiratory outcomes. In the International Study on
Wheezing in Infants (covering 22 centres in South America and Europe), GARCIA-MARCOS et al. [136] found
that the protective effect of breastfeeding against recurrent wheeze during the first year of life varies
depending on family history of atopy (breastfeeding was increasingly more protective if the family history
was less atopic). Conversely, DOGARU et al. [137] found no clear evidence of a protective effect of
breastfeeding against allergic rhinoconjunctivitis in children in the Leicester (UK) cohort study. GOKSOR
et al. [138] confirmed that the protective effect of early (before 9 months of life) fish introduction into an
infant’s diet against wheezing in early childhood is also present for atopic asthma at school age. A recent
systematic review, however, concluded that the evidence is inconsistent from the epidemiological studies
investigating the effects of fish intake during infancy and childhood on atopic outcomes in infants or
children, and that further studies are needed [139]. Finally, in the context of the PASTURE (Protection
against Allergies Study in Rural Environments) birth cohort study conducted in five European countries,
Ropulr et al. [140] showed that an increased diversity of foods introduced in the first year of life had a
significant protective effect against the later development of asthma, food allergy and food sensitisation, and
that reduced food diversity was associated with reduced expression of Foxp3. Although the studies by
GOKSOR et al. [138] and RopulT et al. [140] were conducted in prospective birth cohorts and adjusted for
confounders, reverse causation cannot be completely excluded.

Longitudinal studies and the natural history of respiratory diseases

Longitudinal studies offer important clues into the natural history of respiratory diseases; they track certain
asthma features from childhood to adulthood, include disease severity and lung function impairment, and
stress the importance of characterising the clinical course of the disease early in life [141].

In a study designed to investigate whether factors associated with wheeze are linked with a changing
trajectory of lung function tracking, TURNER et al. [142] observed a significant relationship between
maternal asthma and reduced lung function from 1 to 18 years of age, infant onset of atopy and reduced
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lung function from 6 to 18 years of age, flow limitation at 1 month of age, and reduced lung function
<6 years of age.

WARM et al. [143] evaluated the incidence and persistence of allergic sensitisation in the OLIN (Obstructive
Lung Disease in Northern Sweden) paediatric cohort and found that the prevalence of any positive skin-
prick test increased significantly with age, from 21% at 8 years of age to 42% at 19 years of age. Early onset
allergic sensitisation was associated with multi-sensitisation in young adulthood.

In a study of adolescents who had outgrown childhood wheezing, MARSHALL et al. [144] found that those
with previous “persistent multiple trigger wheeze” had higher sputum total cell counts and eosinophilic
inflammation. Unexpectedly, eosinophilic inflammation was also present in subjects who had outgrown
“transient viral wheeze”.

Presenting data from the MeDALL (Mechanisms of the Development of Allergy) study (12 ongoing
European birth cohorts), PINART et al. [145] showed that eczema, rhinitis and asthma coexist in the same
child both at 4 and 8 years of age, more often than would have been expected if these were independent
entities. The similar comorbidity pattern in those with and without a parental history of atopy or IgE
sensitisation suggests that these relationships involve mechanisms other than atopy.

DAMGAARD et al. [146] looked at the relationship between gestational age (GA) at birth and use of asthma
medication in a Danish register of all infants born between 1980 and 2009 (1790241 individuals). They
found a strong dose-response association between the two during infancy, with ORs of 3.87 in GA
23-27 weeks, 2.34 in GA 28-31 weeks, and 1.59 in GA 32-36 weeks, compared with infants born at term.
The relationship weakened gradually with age and was not statistically significant in 25-31-year-old adults.
Whether the strength of this association increases again later in adulthood remains unclear, and requires
further investigation.

Pneumococcal vaccine-induced changes in childhood pneumonia

Routine vaccination has greatly reduced the pneumococcal disease burden in children worldwide, although
available data mainly refer to developed countries [147]. In 2010, the 10-valent pneumococcal non-typeable
Haemophilus influenzae protein D conjugate vaccine was introduced to the national immunisation
programme in Brasil. Using data from an open-access database, PINTO et al. [148] showed that childhood
bacterial pneumonia hospitalisation rates decreased by 29% thereafter, whereas bronchitis/bronchiolitis
rates did not decrease in the same period.

Studies in twins
Studies in twins are a powerful tool to control for familial confounding due to genetic or environmental
factors.

To examine the association between early menarche (before 12 years of age) and risk of post-menarchal
asthma, LIEBEROTH et al. [149] prospectively studied 10648 female twins from the Danish Twin Registry.
The risk of asthma increased by 8% (0-15%) per year of earlier menarche occurrence. Among 167 twin
pairs discordant for asthma, early menarche tended to be more common in the asthmatic twin than in her
nonasthmatic co-twin (12 versus 9.6%; nonsignificant), suggesting that non-genetic factors could influence
the association. This needs to be confirmed in a large number of discordant twins.

In recent years, several studies have provided valuable insights into the relationship between psychosocial
factors and asthma morbidity [150]. HAVLAND ef al. [151] investigated the association between maternal
anxiety and offspring asthma in a “children of twin”-design study. Maternal anxiety was significantly
associated with both asthma at adolescence reported by the mother and breathlessness reported by the
adolescents themselves, but not with register-based asthma diagnosis or medications. The children-of-twin
analysis indicated that the association depends on familial confounding; possible responsible factors include
heritable personality traits associated with anxiety and subjective asthma measures.

Paediatric bronchology

Several studies addressed the role of bronchoscopy in managing intrinsic airway obstruction. SCHRAMM ef al.
[152] presented the results of a nation-wide survey addressing current practice for airway foreign body (FB)
management in Germany. They approached paediatricians, anaesthetists, ear, nose and throat surgeons, and
internists; 255 questionnaires were returned, the majority from anaesthetists and paediatricians. For
confirmation of FB aspiration, 74% preferred flexible bronchoscopy. For FB removal, 43% preferred a rigid
instrument, 30% routinely used flexible and rigid instruments, and 20% preferred flexible bronchoscopy.
Almost 40% of the responding institutions had no specific standard operating procedure. It is difficult to
compare these results with previously published data. Apart from a few studies describing single-centre
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experiences, only one large multicentre study has been published so far [153]. In this survey, 41% of the
addressed European centres returned the questionnaire sent to 220 members of the ERS Paediatric Assembly.
During a single year, these institutions had performed 4587 flexible and 2859 rigid bronchoscopies. In centres
using only rigid bronchoscopy, 37% of examinations were indicated for “FB inhalation”.

In the past 20 years, technical developments have allowed for major progress in paediatric bronchology.
Some authors have also recommended the use of flexible bronchoscopes for the management of FB
aspiration in children [154, 155], and in some centres this has become the most frequently used option. In
this context, ASLAN et al. [156] presented a case documenting the importance of follow-up flexible
bronchoscopy, even after successful FB removal with a rigid instrument. No recent multicentre study has
properly documented the trends in managing FB aspiration or other advances in paediatric bronchoscopy.

In a retrospective study, KuT et al. [157] evaluated endobronchial obstructions detected during 2555 flexible
bronchoscopies. The most frequent obstructive lesions were aspirated FBs, followed by endobronchial
tuberculosis, mucous plugs and granulation tissue. The authors suggested that bronchoscopy performed
early in the presence of clinical or radiological findings suggesting an endobronchial obstruction can
prevent morbidity, mortality and also unnecessary treatment.

CAKIR et al. [158] evaluated airway involvement in a large group of children with tuberculosis. Among 492
children with pulmonary tuberculosis, 167 (29%) underwent flexible bronchoscopy. Airway involvement
was found in 55% of patients, more frequently in children with resistant mycobacteria. Combining gastric
aspirates and BAL increased the bacteriological yield. This large study confirms the results from a smaller
group of patients, previously published by the same group [159].

A unique report by REITER ef al. [160] demonstrated two cases of intrauterine fetal bronchoscopies
performed in children with suspected bronchial atresia expected to be incompatible with life. Although this
report suggests that intrauterine bronchoscopic intervention could be useful in selected cases, the authors
warned about the significant associated risk and recommended that such interventions should be reserved
for cases in which extrauterine viability is otherwise unlikely. Greater experience with such techniques can
be expected in the near future. Since the publication of the preliminary report by this group [161], another
report has indicated that bilobar bronchial atresia can be successfully managed using fetoscopy and fetal
bronchoscopy with a diode laser therapy [162].

Whilst earlier BAL studies have confirmed neutrophilic inflammation in patients with protracted bacterial
bronchitis (PBB), less is known about the level and type of inflammation within the airway wall. Douros
et al. [163] presented endobronchial biopsy findings in 35 children with long-term wet cough and a
temporal or partial response to one or more courses of antibiotics. Although BAL fluid contained a high
percentage of neutrophils, no neutrophils were detected in the endobronchial tissue. This finding suggests
that the inflammatory patterns in the bronchial wall differ from those at the airway surface. Equally
important is the absence of eosinophils and its implication that the pathologic changes underlying PBB
differ from those in asthma. These findings extend current knowledge and suggest that PBB belongs to a
continuum, along with chronic suppurative lung disease and bronchiectasis [164]. The absence of severe
inflammation within the airway wall might explain why patients with PBB usually respond well to
appropriate antibiotic treatment and why the disease is reversible. With increasing bacterial infection of the
airway wall, structural damage gradually develops.

HATHORN et al. [165] reported six patients with complex air leaks treated with endobronchial balloon
occlusion. The intervention was successful in two cases of broncho-pleural fistulae and in one of two cases
of intra-pulmonary leak. The effect was only transient in cases of barotrauma and filamin A deficiency.
There were no severe adverse effects or complications. The use of endobronchial balloon occlusion has not
been described before for these indications in children. Several reports refer to airway balloon occlusion for
acute pulmonary haemorrhage in children [166] and combined with endobronchial valves for airway leak in
adults [167]. Balloon occlusion might be useful in managing prolonged airway leak in selected cases and
may help avoid surgery.

In a multicentre longitudinal analysis of BMI, lung function and sputum microbiology in primary ciliary
dyskinesia (PCD), MAGLIONE et al. [168] confirmed that PCD patients receiving centralised care present
with a stable BMI and stable spirometry findings over a medium-term follow-up. No significant correlation
was found between lung function evolution and P. aeruginosa infection, but there was a trend towards a
decline in FEV1 after a 2-year follow-up. In their retrospective analysis of growth in 30 children and young
adults aged 1.5-24 years with PCD, SvOBODOVA et al. [169] documented impaired growth in children with
PCD, especially in those at preschool age. As yet, no study has systematically assessed physical growth and
development in children with PCD. As reported by the ERS Task Force on PCD, the availability of adequate
diagnosis and the quality of care differ significantly between countries [170, 171].
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Two presentations addressed airway remodelling in children with various chronic respiratory diseases.
HoONKoOVA et al. [172] compared histological findings in bronchial mucosa from 31 children with asthma, CF
and PCD with those in control subjects. A significant increase in the laminin layer thickness within the
basement membrane was found in children with asthma, CF and PCD; no significant differences were found
between these diseases. As increased transforming growth factor-p activity and thickening of the laminin
layer within the basement membrane are also present in other inflammatory conditions associated with
bronchial obstruction, they may signal a nonspecific repair process. These data confirm previous findings of
remodelling in patients with CF and, to a lesser degree, in PCD patients [173]. LYKOGEORGOU et al. [174]
analysed basement membrane thickness in children with asthma and looked for associations with age,
atopic status, lung function and other variables. In a group of 15 children (5-11 years of age), they found no
association between basement membrane thickness and any of the variables analysed. This lack of
association suggests that in asthma, remodelling is present very early during the disease and its development
is independent from atopic status or severity of the disease.

Several contributions addressed congenital defects. An interesting case report by LURA et al. [175],
describing a neonate with a congenital defect of the epiglottis, documented that even without an epiglottis a
child can be fed aspiration-free. Others have already reported that absence of the epiglottis could be
compensated for by other mechanisms [176]. The epiglottis may play a role in maintaining upper airway
stability and its absence may contribute to OSA.
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