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Abstract
Copyright ©The authors 2021. For  There is increasing awareness of bronchiectasis in children and adolescents, a chronic pulmonary disorder
reproduction rights and associated with poor quality of life for the child/adolescent and their parents, recurrent exacerbations, and
permissions contact . . . o .
S —— costs to the family and health systems. Optimal treatment improves clinical outcomes. Several national
guidelines exist, but there are no international guidelines.

This article has supplementary The European Respiratory Society (ERS) Task Force for the management of paediatric bronchiectasis
material available from sought to identify evidence-based management (investigation and treatment) strategies. It used the ERS
erj-ersjournals.com standardised methodology that included a systematic review of the literature and application of the
Received: 1 Aug 2020 GRADE (Grading of Recommendations Assessment, Development and Evaluation) approach to define the
Accepted: 21 Dec 2020 quality of the evidence and level of recommendations.

A multidisciplinary team of specialists in paediatric and adult respiratory medicine, infectious disease,
physiotherapy, primary care, nursing, radiology, immunology, methodology, patient advocacy and parents
of children/adolescents with bronchiectasis considered the most relevant clinical questions (for both
clinicians and patients) related to managing paediatric bronchiectasis. 14 key clinical questions (seven
PICO (Patient, Intervention, Comparison, Outcome) and seven narrative) were generated. The outcomes for
each PICO were decided by voting by the panel and parent/patient advisory group.

This guideline addresses the definition, diagnostic approach and antibiotic treatment of exacerbations,
pathogen eradication, long-term antibiotic therapy, asthma-type therapies (inhaled corticosteroids and
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bronchodilators), mucoactive drugs, airway clearance, investigation of underlying causes of bronchiectasis,
disease monitoring, factors to consider before surgical treatment, and the reversibility and prevention of
bronchiectasis in children/adolescents. Benchmarking quality of care for children/adolescents with
bronchiectasis to improve clinical outcomes and evidence gaps for future research could be based on these
recommendations.

Scope and objectives

This European Respiratory Society (ERS) guideline provides evidence-based recommendations for
managing children and adolescents (aged <18 years) with bronchiectasis unrelated to cystic fibrosis (CF).
We focus on key management questions. Other important issues, such as environmental exposures, and
rare cases of non-tuberculous mycobacterial (NTM) pulmonary disease in children/adolescents without CF
are not addressed in this guideline.

The target audience is those involved in the care of children/adolescents with bronchiectasis, including
specialists in respiratory medicine, infectious disease, paediatricians, thoracic surgeons, primary care
physicians, pharmacists, respiratory physiotherapists, nurses, regulatory authorities, pharmaceutical
companies and policy makers. The guideline also aims to inform adolescents and parents of children/
adolescents with bronchiectasis, which will assist discussions with healthcare teams and help facilitate
access to appropriate care. However, as bronchiectasis is a complex disease with many causes, this
guideline does not substitute for sound clinical judgement and requires appropriate adaptations to local
circumstances (e.g. where tuberculosis prevalence is high). All recommendations should be interpreted
according to the child/adolescent’s circumstances, patients’ perceptions, values and preferences, and the
clinical setting.

Introduction

Bronchiectasis, a chronic pulmonary disorder, is an umbrella term for a clinical syndrome of recurrent or
persistent wet/productive cough, airway infection and inflammation, and abnormal bronchial dilatation on
chest computed tomography (CT) scans, which if detected early may be reversible over time with effective
treatment [1, 2].

Bronchiectasis is no longer considered rare [1, 3, 4], but is one of the most neglected lung disorders [5],
with high individual disease burden [6], economic cost [7], and poor quality of life (QoL) in children/
adolescents [8] and their parents [9]. Also, there are large disparities in the standards of care and outcomes
between bronchiectasis and other chronic lung diseases [10], including in those with bronchiectasis from
the same country [11].

Multiple risk and/or aetiological factors may lead to bronchiectasis in children/adolescents [1, 12]. Its
prevalence shows geographical variation, but shares common features of chronic cough and recurrent
exacerbations with lower airway infection/inflammation, which persist if left untreated. Interrupting the
infection/inflammation cycle as early as possible with effective treatment is necessary to reverse and/or halt
disease progression and further lung injury [1, 13]. Indeed, bronchiectasis may be preventable in some
children and thus their evaluation for possible treatable underlying causes is important [1, 12].

The pathophysiology of bronchiectasis is complex and poorly understood, with varying aetiologies and
modifying factors [12]. These factors are likely dependent on the sampling frame studied (e.g. different
aetiologies in different countries/settings). Nevertheless, the infection/inflammation paradigm, which is
likely applicable to all aetiologies, involves airway infection causing inflammation, impaired mucociliary
clearance and airway destruction, which in turn predisposes the damaged airway to further infection [12].

Exacerbations or “attacks” are particularly important in children/adolescents with bronchiectasis as they are
associated with increased respiratory symptoms, impaired QoL [6], accelerated lung function decline (—1.9
forced expiratory volume in 1s (FEV,) percent predicted per hospitalised exacerbation) [14], and high
healthcare resource use [15] and costs (around EUR 20400 per hospitalisation in 2016) [7]. Importantly,
patients and parents responding to the European Lung Foundation (ELF) survey rated exacerbations among
the top three factors affecting their child’s QoL. Thus, the impact on exacerbations is a dominant outcome
measure when assessing the efficacy of interventions [16, 17].

Bronchiectasis in children/adolescents and adults has some similarities (e.g. wet/productive cough being
the dominant symptom along with recurrent exacerbations), but there are also substantial differences.
Children/adolescents require developmentally appropriate care, support and supervision from their parents.
Mild radiographic bronchiectasis (bronchial dilatation) is reversible if treated optimally early, thereby
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avoiding the later deterioration in lung function [1]. In contrast, adults with untreated bronchiectasis
symptoms from childhood have worse disease and poorer prognosis (compared with adult-onset
bronchiectasis) [18]. Australian data indicate that >60% of adults with bronchiectasis have symptoms from
childhood [18]. Thus, early diagnosis is important, as is disease characterisation (e.g. defining
exacerbations) and providing evidence-based management.

Furthermore, children/adolescents with bronchiectasis have different lower airway microbial profiles
(bacterial pathogens [19] and microbial communities [20]), age-related immunological responses [21] and
likely treatment outcomes [1]. Some diagnostic [1] and treatment methods also differ, e.g. airway clearance
techniques, which are age- and cognition-dependent [22]. Moreover, aetiology and comorbidities can vary
substantially between adults and children/adolescents [12].

Thus, the recent ERS [23] and British Thoracic Society [24] bronchiectasis guidelines were for adults only.
The present guideline addresses this gap of an up-to-date international evidence-based guideline for
managing children/adolescents with bronchiectasis unrelated to CF. It includes those with primary ciliary
dyskinesia, where older ERS guidelines exist, but required updating [25, 26]. The objectives of managing
children/adolescents with bronchiectasis are to: 1) optimise lung growth, 2) preserve lung function,
3) optimise QoL, 4) minimise exacerbations, 5) prevent complications and 6) if possible, reverse structural
lung injury.

Methods

This guideline was developed by an ERS Bronchiectasis Task Force that included specialists in paediatric
respiratory medicine with expertise in managing children/adolescents with bronchiectasis as well as
paediatric experts in infectious disease, allergy immunology, radiology, physiotherapy and nursing, two
global leaders in adult bronchiectasis, the Cochrane Airways Group coordinating editor (also a general
practitioner), an ELF representative, bronchiectasis parent/patient advisory group (PAG) members and ERS
methodologists. The ELF representative and two PAG representatives were full members of the Task Force
and contributed to all recommendations. Conflicts of interest were declared at commencement of this
project and prior to final submission, and managed in accordance with ERS policies. The specific expertise
of the panel is outlined in the supplementary methods.

Between November 2018 and June 2020, the panel met 10 times (nine video-conferences and one
face-to-face meeting) and a smaller methodology subgroup met a further 11 times online. The most
relevant clinical questions on managing bronchiectasis in children/adolescents (for both clinicians and
patients/parents) were discussed and agreed by the panel and PAG (figure 1). Following the ERS
methodology [27], we formulated seven questions using the PICO (Patient, Intervention, Comparison,
Outcome) format and seven narrative questions (NQs). The panel and the entire PAG voted on the
outcomes of interest for each PICO a priori, based on their relative importance to children/adolescents

Initial questions and outcomes proposed

v

Discussed at panel meeting

v

Refined questions and outcomes
presented to PAG

[

v v
Questions modified Preliminary set of outcomes for each
and reviewed by panel PICO voted” on by panel and PAG

[ J

v

Final set of questions and outcomes used
for bronchiectasis guideline

FIGURE 1 Schematic overview of the methodology used to develop the questions and outcomes used for this
guideline. PAG: parent/patient advisory group. *: using Survey Monkey (www.surveymonkey.com).
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with bronchiectasis and to clinical decision making. Following the GRADE (Grading of Recommendations
Assessment, Development and Evaluation) approach [28], these outcomes were deemed as “critical”,
“important” or “not important for clinical decision making” (the latter were then excluded from data
extraction and further analysis), as listed in the evidence table for each PICO (refer to the supplementary
methods). Systematic reviews were conducted to answer these questions. For NQs, systematic searches
were conducted and evidence was reviewed in a narrative manner.

Systematic reviews

The Cochrane Airways Group information specialist designed and ran the search (supplementary material)
for all questions. The initial searches undertaken in May 2019 were updated in April 2020. Results of the
search were sent to panel member pairs and R.F. or A.B.C. Searches were independently screened by at
least two people using inclusion and exclusion criteria determined by the Task Force (supplementary
methods). A PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) diagram
was generated for each question (supplementary figures). For selected PICOs, we undertook additional
searches to seek supportive evidence from the literature, including the CF literature (described in the
supplementary methods) for a narrative review of supportive evidence when the panel considered it was
important to undertake this additional task. Articles were summarised using the ERS framework for
guideline development, including both systematic (for PICOs) and pragmatic/narrative (for NQs) reviews
of the evidence [27].

Assessing the level of evidence and degree of recommendations

Evidence summary tables and evidence to decision (EtD) frameworks were generated for each PICO, while
only EtD frameworks were generated for NQs (supplementary material). For NQs, in accordance with the
updated ERS methodologies [27], the approach was narrative; that for the evidence was a partial narrative
approach (i.e. we did not undertake meta-analysis, but did include numbers). These were used by the panel
to formulate recommendations and strength by consensus and/or voting. In accordance with ERS
requirements [27], we used GRADE [29] to assess the confidence in the evidence (quality) and strength of
the recommendations. The recommendations are graded as strong or conditional with key considerations
summarised in table 1. In line with GRADE [29], the terms “we recommend” are used for strong
recommendations and “we suggest” for conditional recommendations. Opinions of patients/parents of
children/adolescents were captured from: a) two parents participating in discussions on every

TABLE 1 GRADE-based recommendations used in this document, based on GRADE [29] and used in accordance

with the European Respiratory Society methodology [27]

Target group Strong recommendations” Conditional (weak) recommendations

Patients/carers  All or almost all informed people would Most informed people would choose the
and their follow the recommended advice for or recommended course of action, but many
parents against an intervention. They would would not.

request the recommended intervention if
it is not offered.

Clinician Most carers/patients should follow the Recognise that different choices will be
recommended advice for or against an appropriate for different carers/patients in
intervention. different circumstances. Clinicians and

other healthcare providers must be
cognisant of the need to devote more
time for shared decision making by which
the carers/patients ensure that the
informed choice reflects individual values
and preferences.

Policy makers The recommendation can be adopted as a Policy making will require substantial debate

policy in most situations. and involvement of many stakeholders.

Recommendations are graded as strong or conditional after considering the quality of the evidence, the
balance of desirable and undesirable consequences of compared management options, the assumptions about
the relative importance of outcomes, the implications for resource use, and the acceptability and feasibility of
implementation [134]. Strong recommendations are worded as “we recommend”, while conditional
recommendations are worded as “we suggest”. *: while strong recommendations are generally based on high-
or moderate-quality evidence, applicable to most patients for whom these recommendations are made, they
may not apply to all patients in all settings. No recommendations can address all of the unique features of
individual patients and clinical circumstances.
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recommendation and b) the ELF survey undertaken in 2019-2020 on the priorities and needs of parents
whose children/adolescents have bronchiectasis or adults with bronchiectasis as a child/adolescent.

Results

PICO/NQ PRISMA diagrams (supplementary figures) depict the number of studies identified and selected
for each question. The EtD frameworks for all questions (complete versions in the supplementary material)
are summarised in the following and grouped into clinically relevant topics (diagnosis, evaluating the
cause, defining exacerbations, management, monitoring, and reversibility and prevention).

Diagnosis

PICO Question 1

In children/adolescents suspected of bronchiectasis: a) Should multidetector chest computed tomography
(MDCT) scans with high-resolution CT (HRCT) be used instead of conventional HRCT alone for
diagnosing bronchiectasis? b) What CT criteria for broncho-arterial dilatation (BAR) should be used?

Recommendations

« In children/adolescents suspected of bronchiectasis, we suggest that high-resolution MDCT scans with
HRCT be used instead of conventional HRCT to diagnose bronchiectasis in children/adolescents.
(Conditional recommendation, very low quality of evidence.)

« In children/adolescents suspected of bronchiectasis, we suggest that paediatric-derived BAR (defined
by the ratio of the inner diameter of the airway to the outer diameter of the adjacent artery) of >0.8 is
used to define abnormality instead of the adult cut-off of >1-1.5. (Conditional recommendation, very
low quality of evidence stemming from the narrative review.)

Summary of evidence

No direct evidence in children/adolescents was available. Two non-blinded observational studies in adults
[30, 31] reported MDCT scans (contiguous helical scan with 1 mm collimation) were superior at detecting
and determining the extent of bronchiectasis, compared to conventional HRCT (1 mm collimation at 10—
20 mm intervals [30]). Using high-resolution MDCT as the gold standard, the sensitivity of conventional
HRCT for diagnosing the number of patients with bronchiectasis was 96% (95% CI 90-98%) and
specificity was 69% (95% CI 54-81%). Sensitivity and specificity for detecting the number of lobes with
bronchiectasis was 89% (95% CI 84-92%) and 81% (95% CI 78-84%), respectively (evidence table in the
supplementary material).

BAR correlates with age in adults without cardio-respiratory problems [32]. Our narrative summary of
evidence includes two studies in children/adolescents [33, 34] without lower airway disease. Both [33, 34]
found the meantsp BAR is significantly lower in children/adolescents (0.63+0.07 in children/adolescents
versus 0.70£0.1 in adults) and the mean+2sp=0.77 (the upper limit of normal, rounded up to 0.8) [33].

Other supportive evidence

The narrative evidence depicts the impact of diagnosing bronchiectasis, particularly when diagnosed early.
Treatment in children/adolescents post-radiographic diagnosis of bronchiectasis can stabilise, or even
improve, lung function in heterogenous patient cohorts [14, 35, 36], including those with
immunodeficiency [37]. One study [38] reported early diagnosis of bronchiectasis was important for
improving QoL.

Justification of recommendation

This recommendation places a relatively higher value on more accurate and early detection of
bronchiectasis and its importance on subsequent management, and a relatively lower value on evidence
directness and quality. It is widely accepted that HRCT is the radiographic gold standard for confirming
bronchiectasis. Many types of CT scanners are currently available and will continue to improve with
greater precision and less radiation for patients. Adult-derived data (evidence table in the supplementary
material) showed MDCT detects more cases of bronchiectasis than conventional HRCT. However, no
paediatric data exist currently. The narrative summary provided circumstantial evidence that diagnosing
bronchiectasis changes management, and optimal management stabilises or improves lung function,
reduces exacerbations and improves QoL.

The early diagnosis of bronchiectasis was one of the top priorities articulated by parents of children/

adolescents with bronchiectasis or adults who had bronchiectasis as a child in the ELF survey. As BAR
correlates with age [32] and increases as bronchiectasis becomes more severe (from cylindrical to varicose
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to cystic [1]), we suggest clinicians use a lower threshold in children/adolescents (BAR >0.8) to define
abnormality when suspecting bronchiectasis.

Implementation considerations

CT scans need to be performed promptly to diagnose bronchiectasis early and there is a need to develop
strategies to improve 1) availability and access to high-quality scanners that reduce radiation exposure, and
2) interpretation of paediatric chest CT scans. Using the suggested paediatric-defined BAR threshold of 0.8
may result in more radiographic-based diagnoses of bronchiectasis in children with chronic wet cough and
reduce problems of drug reimbursement in some countries. However, as there are false positives with
diagnosing bronchiectasis based purely on BAR, the panel advocated that BAR alone should not be used
to diagnose bronchiectasis, i.e. it is best based on the presence of clinical features consistent with this
diagnosis and confirmed radiographically.

Evaluating the cause

Narrative Question 1

In children/adolescents with suspected or confirmed bronchiectasis, what standard tests that impact on
clinical outcomes should be undertaken when managing this group of patients?

Recommendations

» In children/adolescents with suspected or confirmed bronchiectasis, we suggest they have a minimum
panel of tests undertaken, as done currently by most experts in the field. (The minimum panel of tests
comprises: 1) chest CT scan (to diagnose bronchiectasis), 2) sweat test, 3) lung function tests (in
children/adolescents who can perform spirometry), 4) full blood count, 5) immunological tests (total
IgG, IgA, IgM, IgE and specific antibodies to vaccine antigens) and 6) lower airway bacteriology.)
(Conditional recommendation, very low quality of evidence stemming from the narrative review.)

+ In selected children/adolescents with bronchiectasis, we suggest additional tests are considered based
on their clinical presentation. These include additional in-depth immunological assessments (in
consultation with a paediatric immunologist), diagnostic bronchoscopy with bronchoalveolar lavage
analysis (microbiology), and tests for airway aspiration, primary ciliary dyskinesia and
gastro-oesophageal reflux disease. (Conditional recommendation, low quality of evidence stemming
from the narrative review.)

Remarks: In settings where tuberculosis or HIV has a high prevalence and/or there is a history of close

contact with tuberculosis, assessment for tuberculosis infection/disease or HIV, respectively, is also

undertaken as part of the minimum panel of tests.

Summary of evidence

We identified 21 studies; all were observational studies. Of these studies, 18 were retrospective and three
were prospective (supplementary material). Two [39, 40] of the three prospective studies [39-41] reported
diagnostic yields for some tests. Nevertheless, several investigations were undertaken consistently
(minimum panel) by experts in the field. From these tests, the aetiology of bronchiectasis varied (34—
86%). In the two studies that reported specifically on diagnostic yields, immunology evaluation provided a
diagnosis in 42% [42] and bronchoscopy with bronchoalveolar lavage gave useful information in 12-41%
[40, 42].

Justification of recommendation

A conditional recommendation was selected based on the large desirable effect and likely trivial
undesirable effects of setting a standard set of investigations as well as the risk and harm of not managing
common or critical conditions related to bronchiectasis in children/adolescents. Finding causes of
bronchiectasis was one of the research priorities identified by the PAG and the ELF survey. Lung function
and respiratory cultures are part of minimum assessment. Although they do not identify the cause, these
tests help assess severity and guide antibiotic choices, thus optimising treatment.

Implementation considerations

Identifying the aetiology has management implications (e.g. specific treatment for immunodeficiency,
genetic causes for future family planning, etc.). Health services should increase accessibility to centres
practising standard-of-care management for children/adolescents with bronchiectasis that includes
undertaking the recommended minimum panel of tests.

Defining exacerbations
Narrative Question 6
In children/adolescents with bronchiectasis, what criteria should be used to define an exacerbation?

https://doi.org/10.1183/13993003.02990-2020 6
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Recommendations

For clinical purposes:

* In children/adolescents with bronchiectasis, we suggest that a respiratory exacerbation is considered
present when a child/adolescent has increased respiratory symptoms (predominantly increased cough
with or without increased sputum quantity and/or purulence) for >3 days. (Conditional
recommendation, low quality of evidence stemming from the narrative review.)

Remarks: Other important but less common respiratory symptoms such as haemoptysis, chest pain,

breathlessness and wheeze may not be present. Clinicians should not rely on changes in chest auscultation

findings and chest radiographs to diagnose an exacerbation as, although important, these findings are not
always present. Systemic symptoms (fever, fatigue, malaise, and change in child’s behaviour and appetite)
may also herald onset of an exacerbation, but are non-specific. Blood markers (e.g. elevated C-reactive
protein, neutrophilia and interleukin-6) provide supportive evidence of the presence of an exacerbation.

However, these indices are less important in defining exacerbations, but are likely useful for research

purposes. Also, markers such as interleukin-6 are not standard clinical tests.

« In children/adolescents with bronchiectasis, we recommend that the presence of dyspnoea (increased
work of breathing) and/or hypoxia should be considered a severe exacerbation, irrespective of duration.
(Strong recommendation, low quality of evidence stemming from the narrative review.)

Summary of evidence

We identified 13 paediatric papers and one adult-based consensus document [16]. Of the
paediatric-focused papers, two were defined within the published protocols [43, 44] (with the
corresponding randomised controlled trials (RCTs) published [45, 46]) using antibiotics at the onset of an
exacerbation and three were published RCTs [17, 47, 48] where exacerbations were outcomes. Two cohort
studies (one prospective [49] and one retrospective [50]) specifically evaluated exacerbation definitions.
Four papers were related solely to primary ciliary dyskinesia (one retrospective review [51], one protocol
[52] that was published after the latest search [53], and two consensus-derived descriptions [54, 55] for
children/adolescents and adults with primary ciliary dyskinesia, which differed substantially from one
another).

While there are some similarities, overall the definitions used in these studies varied widely (e.g. defining
an exacerbation for initiating antibiotics can be different to when it is used as an outcome measure for
RCTs).

Other supportive evidence

The adult-derived consensus definition for research (i.e. not for clinical use) was framed around a
deterioration in three or more symptoms (cough, sputum volume and/or consistency, sputum purulence,
breathlessness and/or exercise tolerance, fatigue and/or malaise, and haemoptysis) for >48 h. The definition
also required “a change in treatment” [16].

Justification of recommendation

The recommendation was based upon several prospective studies and evidence that parents value
recognising and treating respiratory exacerbations early. We considered that at least 3 days of increased
symptoms are required for the definition, except when immunodeficiency or hypoxia/dyspnoea are present.
For those with immunodeficiency, a lower threshold is suggested (as commencing treatment earlier may be
required). No timeframe is required for those with hypoxia/dyspnoea as immediate treatment is mandated
as there is a risk of acute deterioration and death.

Implementation considerations

Managing exacerbations is a key component of bronchiectasis care and one of the three top issues for
parents. Thus, it is important to increase patient, parent/carer and health professional education in
recognising exacerbations and commencing additional treatments.

Also, children/adolescents with neurodevelopmental conditions may have subtle and/or individually
recognised symptoms of an exacerbation, whereby earlier treatment may be necessary.

Management

Airway clearance

PICO Question 4

In children/adolescents with bronchiectasis, should regular airway clearance techniques (ACT) (compared
to no ACT) be undertaken? Subgroup analyses for a) short- versus long-term and b) stable versus
exacerbation states.
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Recommendation
« In children/adolescents with bronchiectasis, we recommend they are taught and receive regular ACT or
manoeuvres. (Strong recommendation, low quality of evidence.)

Remarks: Individualised ACT that are development- and age-appropriate are best taught by a
paediatric-trained chest physiotherapist (figure 2). The frequency of ACT is best individualised. As
children/adolescents mature, techniques may need to be changed, and thus the ACT type and frequency is
best reviewed at least biannually by physiotherapists with expertise in paediatric respiratory care. During
acute exacerbations of bronchiectasis, children/adolescents should receive ACT more frequently.

Summary of evidence

We identified one small (n=24) RCT in children/adolescents [56] and two RCTs [57, 58] in adults
(supplementary material). The paediatric study [56] that compared 1-month hospital-supervised,
personalised ACT with unsupervised therapy at home (we equated this to controls without effective
treatment) described a better median FEV; % pred in the intervention group (86.3%) versus controls
(68.8%) at 1 month and 1 year (86.0% versus 69.3%). All three RCTs showed consistent improvement in
lung function. For other critical outcomes, data were lacking in children/adolescents. Data from the
adult-based RCTs [57, 58] (evidence table in the supplementary material) showed consistent results with
improved QoL indices and sputum volume with ACT (versus no ACT), but no significant difference in the
number of exacerbations (despite favouring ACT).

Additional evidence from adults (included here as mentioned in the methods and supplementary material):
the benefits of ACT are supported by recent systematic reviews [23, 24, 59-61] of studies in adults

Child Adolescent

Modified GAD or GAD

Positioning
Chest percussion with/without expiratory vibration

Expiratory

flow Forced expirations, huffing, active cycle of breathing technique
modification

PEP via bottle, mouthpiece or mask

Oscillating PEP devices with/without nebuliser

Instruments

High-frequency chest wall oscillation (“vest” therapy)

Oscillating PEP with forced expiration technique

Bouncing on a fitball (supported/unsupported)

Exercise Vigorous activity (including active video games), physical exercise

Vertical acceleration activities, e.g. trampoline

In children with neuromuscular disorders, inspiratory and expiratory strategies
such as breath stacking, manually assisted cough
and mechanical insufflation/exsufflation techniques

FIGURE 2 There are many different airway clearance techniques; in children/adolescents, these are age-specific
and best taught by physiotherapists experienced in managing children/adolescents with bronchiectasis. GAD:
gravity-assisted drainage; PEP: positive expiratory pressure.
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(no available meta-analyses of data), but with very-low- to low-level evidence. One systematic review of
acute exacerbations found six adult-based studies involving 120 people, but none included a “no treatment”
group [61]. The authors reported ACT during acute exacerbations resulted in no adverse events, improved
sputum clearance, and a non-statistically significant improvement in lung function and symptoms [61].

Other supportive evidence

Three recent CF-related systematic reviews [62—64] provided data supporting ACT, and one study [65]
described significant declines in lung function (FEV; and forced vital capacity (FVC) % pred) without
3 weeks of ACT and improved lung function following its recommencement.

Justification of recommendation

Although the evidence for ACT improving clinical outcomes is very low, a strong recommendation was
selected based on moderate desirable and trivial but time-consuming undesirable effects for undertaking
ACT and the risk of harm if ACT is not undertaken. Where data exist, results are consistent and favour
ACT compared with controls. Also, the panel and PAG described the use of ACT as a key intervention
and one that is universally advocated for children/adolescents with bronchiectasis.

As there are many ACT methods, and developmental stage and cognitive abilities vary widely between
children/adolescents (0—18 years), individualised therapy taught, and reviewed at least biannually, by
paediatric-trained chest physiotherapists (figure 2) is recommended. Exacerbations increase airway
secretions and enhancing their clearance would be beneficial.

Implementation considerations

Individualised ACT that are development- and age-appropriate are best taught by paediatric-trained chest
physiotherapists (figure 2). Access to paediatric-trained physiotherapists was raised by the PAG. Adherence
to the prescribed regime, especially over prolonged periods, is challenging. Also, the frequency and best
ACT method(s) remain uncertain. Adjustment to the type of ACT during exacerbations may be necessary
(e.g. exercises may not be feasible).

Mucoactive agents

PICO Question 3

In children/adolescents with bronchiectasis, should mucoactive agents (compared to no mucoactive
agents) be used routinely? Subgroup analyses for a) short- versus long-term, b) stable versus exacerbation
states and c) type of mucoactive agent.

Recommendations

« In children/adolescents with bronchiectasis, we recommend that recombinant human DNase (rhDNase)
is not used routinely. (Strong recommendation, very low quality of evidence.)

« In children/adolescents with bronchiectasis, we suggest that bromhexine is not used routinely.
(Conditional recommendation, very low quality of evidence.)

« In children/adolescents with bronchiectasis, we suggest that neither inhaled mannitol nor hypertonic
saline are used routinely. (Conditional recommendation, very low quality of evidence.)

Remarks: Inhaled mannitol or 6-7% hypertonic saline may be considered in selected patients, e.g. those

with high daily symptoms, frequent exacerbations, difficulty in expectoration and/or poor QoL. If well

tolerated, the use of hypertonic saline or mannitol could improve the QoL and facilitate expectoration. For

hypertonic saline and mannitol, children should be old enough to tolerate these interventions, and the panel

also considered that short-acting B,-agonists should be used prior to inhaling either hypertonic saline or

mannitol. The first dose of hypertonic saline or mannitol should be administered under medical

supervision. The substantially higher cost of mannitol compared with hypertonic saline should also be

taken into consideration.

Summary of evidence

We identified only adult-based RCTs involving rhDNase (n=2 [66, 67]), hypertonic saline (n=3 [68-70]),
mannitol (n=2 [71, 72]) and bromhexine (n=1 [73]). Quality of evidence was very low to low, depending
on the intervention

Regular rhDNase for 24 weeks (compared with placebo) significantly increased exacerbation rates (relative
risk 1.35, 95% CI 1.01-1.79), and worsened FEV; and FVC [66]. Data from the smaller and shorter RCT
[67] were consistent, but could not be combined with the larger study (supplementary material). rhDNase
was also associated with increased hospitalisation and adverse events. Studies using mannitol failed to
meet their primary end-point, but mannitol significantly improved some QoL subdomains and sputum
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volume, and prolonged time-to-next exacerbation. The effect of hypertonic saline was like mannitol;
however, data from RCTs could not be combined. Although the small study on bromhexine favoured its
use for sputum volume and FEV, there were more adverse events (OR 2.93, 95% CI 0.12-73.97). See the
evidence table in the supplementary material.

Justification of recommendation

The panel considered that the overall weight of the literature, combined with biological plausibility, would
lead most clinicians to be very concerned about using rhDNase due to the potential adverse effects.
Although the quality of the evidence for rhDNase is very low, there is risk of substantial harm (increased
risk of exacerbations and faster lung function decline). The panel also considered that the overall weight of
the literature would lead most clinicians to be very concerned about using bromhexine due to the potential
adverse effects. Thus, the balance of the evidence favours not using rhDNase and bromhexine routinely
based on patient/parents values, the substantial adverse effects described above and the lack of efficacy of
these treatments.

The balance probably favours administering hypertonic saline and mannitol in some patients. For example, in
adults, mannitol (compared with controls) was beneficial (significantly fewer exacerbations, prolonged
time-to-next exacerbation and symptomatic improvement) in the subgroup with a high symptom burden [74].

Implementation considerations

Health professionals should be warned of the potential harmful effects of rhDNase. For hypertonic saline
and mannitol, children should be old enough to tolerate these interventions with pre-inhalation of a SABA.
Education on using these medications and equipment care is also needed.

Use of antibiotics

PICO Question 5

In children/adolescents with bronchiectasis, should systemic courses of antibiotics (compared to no
antibiotics) be used to treat an acute respiratory exacerbation (type and duration)?

Recommendation

» In children/adolescents with bronchiectasis and an acute respiratory exacerbation, we recommend a
systemic course of an appropriate antibiotic is used for 14 days. (Strong recommendation, moderate
quality of evidence.)

Remarks: The empiric antibiotic of choice is amoxicillin-clavulanate, but the type of antibiotics chosen

should be based on the patient’s airway cultures (e.g. those with Pseudomonas aeruginosa require different

treatment regimens to those without) and history of antibiotic hypersensitivity reactions. When the

exacerbation is severe (e.g. the child/adolescent is hypoxic) and/or when the child/adolescent does not

respond to oral antibiotics, intravenous antibiotics will be needed.

Summary of evidence

The evidence summary shows a single high-quality RCT supporting antibiotics for treating exacerbations.
In that trial [45], amoxicillin-clavulanate was superior to placebo at resolving symptoms after 14 days
treatment. Azithromycin was associated with improvement, but did not reach statistical significance of
superiority over placebo. Amoxicillin-clavulanate also significantly reduced exacerbation duration, while
this was similar between azithromycin and placebo among those whose symptoms resolved by day 14 [45].
No between-group differences were detected for time-to-next exacerbation, QoL or hospitalisations,
although hospitalisation was uncommon in all groups [45]. The optimal duration of treatment with
antibiotics is yet to be studied.

Other supportive evidence

Although no comparable placebo-controlled RCTs in adults exist, recommendations in adult guidelines
[23, 24] are similar. Also, antibiotic treatment for acute exacerbations of bronchiectasis is considered
standard of care.

Justification of recommendation

Our strong recommendation is based on a single high-quality RCT in children/adolescents and extensive
clinical experience. Exacerbation resolution and duration both showed a benefit from the intervention.
Importantly, the trial did not detect an increase in adverse events in the antibiotic treatment groups
compared to placebo, although such events were uncommon.
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An earlier RCT, which did not meet the inclusion criteria [46], comparing amoxicillin-clavulanate to
azithromycin for treating non-severe exacerbations found that by day 21 azithromycin was non-inferior to
amoxicillin-clavulanate (within 20% margin). However, symptom resolution in those receiving
azithromycin took a median 4 days longer than those receiving amoxicillin-clavulanate, a statistical and
clinically significant result [46].

Implementation considerations
Patients should have access to appropriate antibiotics for the recommended duration of treatment.

PICO Question 7
In children/adolescents with bronchiectasis and recurrent exacerbations, should long-term (=2 months)
antibiotics (compared to no antibiotics) be used to reduce exacerbations?

Recommendation
» In children/adolescents and adolescents with bronchiectasis and recurrent exacerbations, we
recommend treatment with long-term macrolide antibiotics to reduce exacerbations. (Strong
recommendation, low quality of evidence.)
Remarks: Based on the panel’s experience, we suggest long-term macrolide antibiotics only in those who
have had more than one hospitalised or three or more non-hospitalised exacerbations in the previous
12 months. Such a course should be for at least 6 months with regular reassessment to determine whether
the antibiotic continues to provide a clinical benefit. Children/adolescents receiving longer treatment
courses (>24 months) should continue to be evaluated for risk versus benefit. This suggestion is in the
context of lacking data concerning when long-term azithromycin should be initiated, and the need for
caution because of increasing antibiotic resistance among bacterial pathogens within patients and the
community. While NTM are very rarely detected in children/adolescents with bronchiectasis, we suggest a
lower airway specimen is obtained (when possible) to exclude their presence before commencing long-term
macrolide antibiotics. We encourage strategies to ensure adherence to the macrolide regimen as >70%
adherence improves efficacy and reduces antibiotic resistance.

Summary of evidence

There were three RCTs [17, 47, 48] and the combined data showed that macrolides reduced the number of
children/adolescents experiencing any exacerbations during the trial period (relative risk 0.86, 95% CI
0.75-0.99). Of these RCTs, one involved only children/adolescents with HIV [48] and it was a small study
that found no effect. The largest of the RCTs described that using long-term azithromycin halves the
frequency of exacerbations (incidence rate ratio 0.50, 95% CI 0.35-0.70) and also likely reduces
hospitalisation (p=0.06) [17].

There was no significant difference in serious adverse events when azithromycin was used compared to
placebo. Indeed, serious adverse events were numerically lower in the azithromycin group (relative risk
0.57, 95% CI 0.31-1.05). However, there were significant increases in macrolide-resistant bacteria in the
upper airways (nasopharyngeal swabs) in those receiving long-term azithromycin compared to placebo.

Other supportive evidence

Although the single high-quality study was undertaken in Indigenous children/adolescents, the efficacy of
macrolides at reducing exacerbations is consistent. Meta-analysis examining the efficacy of macrolides in
adults with bronchiectasis shows similar effects (relative risk of being exacerbation-free when taking
azithromycin compared with placebo 1.66, 95% CI 1.37-2.02 in adults [75]). Studies in adults were
substantially shorter in duration (6—12 months versus up to 24 months in the main paediatric RCT [17]). A
recent RCT on azithromycin in adults with primary immunodeficiency and previous respiratory
exacerbations (85% had bronchiectasis) also showed similar results (compared with placebo, hazard ratio
(HR) for exacerbation 0.5, 95% CI 0.3-0.9; p=0.03; for hospitalisation HR 0.5, 95% CI 0.2-1.1; p=0.04;
additional antibiotic required rate per patient-year 2.3, 95% CI 2.1-3.4, in the azithromycin group versus
placebo 3.6, 95% CI 2.9-4.3; p=0.004) [76]. Following our final search date, a study involving children/
adolescents and adults with primary ciliary dyskinesia found 6 months of azithromycin (versus placebo)
significantly reduced exacerbation rates (rate ratio 0.45, 95% CI 0.26-0.78) [53], a similar effect size to
this PICO’s main contributing RCT [17].

Justification of recommendation

Although the overall quality of evidence was low, our strong recommendation is from the large effect on
exacerbations, the panel’s clinical experience, consistency of effect with adult-based RCTs and preventing
exacerbations, being one of the key issues for the PAG. The importance and impact of exacerbations on
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children and families were crucial considerations for the strong recommendation. Also, there was relatively
minimal possible harms of the intervention. Indeed, the sole study in the evidence table (supplementary
material) with low risk of bias for all factors [17] reported (post hoc analyses) antibiotic use for
non-pulmonary infections was significantly lower in the azithromycin group versus placebo (incidence rate
ratio 0.50, 95% CI 0.31-0.81; p=0.005).

Implementation considerations

While an ECG is not necessary before commencing macrolides, a family history of prolonged QT
syndrome, arrhythmias and acute cardiac events should be obtained and, when appropriate, an ECG
ordered. Also, azithromycin should not be used in children/adolescents with contraindications to
macrolides. This includes those with an abnormal ECG, liver function abnormality and azithromycin
hypersensitivity.

Adherence >70% is important for efficacy [17] as well as reducing antibiotic resistance [77]. Adherence
>70% (versus <70%) in the Australian azithromycin group was associated with lower carriage of any
pathogen (OR 0.19, 95% CI 0.07-0.53) and fewer macrolide-resistant pathogens (OR 0.34, 95% CI 0.14—
0.81) [77].

PICO Question 6

In children/adolescents with bronchiectasis, should eradication treatment be used (irrespective of
symptoms) when there is a new isolate of a potentially pathogenic microorganism (compared to no
eradication treatment)?

Recommendation

« In children/adolescents with bronchiectasis, we suggest eradication therapy following an initial or new
detection of P. aeruginosa. (Conditional recommendation for the intervention, very low quality of
evidence.)

Remarks: Evidence in bronchiectasis is indirect and limited to three small observational studies in adults

focused on P. aeruginosa eradication. However, we suggest that eradication therapy should commence

promptly after confirming P. aeruginosa is present (figure 3). Due to lack of evidence, we are unable to

comment on eradication treatment for pathogens other than P. aeruginosa, which is informed on a

case-by-case basis according to the clinical status of the child and the pathogen type. Antibiotic treatment

should be made available in every setting where children/adolescents with bronchiectasis are managed.

Summary of evidence

There were no published studies in children/adolescents. Evidence was from three before-and-after trials in
adults [78-80] who underwent eradication for P. aeruginosa. These indicate patients may experience
improved QoL (compared to pre-eradication) and reduced exacerbation rates and hospitalisation. One study
reported the mean number of antibiotic courses was 3.93 in the year before and 2.09 in the year
post-eradication (p=0.002) [79]. Another study reported significant reductions in exacerbations, antibiotic
use and hospitalisations (meantsp total exacerbations 3.4+4.21 in the year before and 1.98+3.62 in the
year during eradication using inhaled colistin; p<0.001). Corresponding values for hospitalisation and
cycles of antibiotics were 1.94+2.8 and 1.18+1.73 (p=0.018), respectively [80]. The earlier study reported
a non-significant reduction in the mean number of hospitalisations (0.39 pre-eradication and 0.29
post-eradication) [79]. However, before-and-after studies are subject to bias, including Hawthorne effects
and regression to the mean.

In one study, 11 out of 28 patients who received eradication therapy were without P. aeruginosa at
15 months [78]; in another study, 13 out of 24 patients were also without this pathogen at a median
14.3 months [79]. The most recent study [80] reported that eight out of 35 (22.9%) patients who received
2 weeks of intravenous antibiotics and another five out of 50 (10%) patients who received 3 weeks of oral
anti-pseudomonal treatment had eradicated P. aeruginosa. The 41 out of 67 (61.2%) who were then treated
further with inhaled colistin were free of P. aeruginosa 3 months later and 40.3% were free at 12 months.

Other supportive evidence

Limited supportive data from a recent CF-related systematic review [81] found eradicating P. aeruginosa
with nebulised antibiotics either alone or combined with oral antibiotics, compared to placebo or no
treatment, can eradicate the organism for up to 2 years [81]. However, the impact on clinical outcomes is
uncertain. A second CF review [82] on recent detection of methicillin-resistant Staphylococcus aureus in
the lower airways reported short-term (28 days) eradication rates are better in those receiving targeted
antibiotic treatment, but the effects are not sustained and clinical benefits uncertain.
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First or new isolation of N Obtain lower airway specimen
P. aeruginosa in upper airway specimen, (bronchoalveolar lavage or sputum)
e.g. cough, throat or nasal swabs

Yes No Repeat upper airway specimen
and if P. aeruginosa persists
obtain lower airway specimen?

A

Y
’ P. aeruginosa confirmed ‘Q &
No Symptomatic? Yes
(increased symptoms
above baseline)
v v
Oral ciprofloxacinT i.v. antibiotics* for 2 weeks
and/or inhaled antibiotics for 2 weeks g (e.g. piperacillin-tazobactam or le—

ceftazidime+tobramycin)f
§ v
Inhaled antibiotics for 4-12 weeks A
(e.g. colistin, tobramycin)1 Inhaled ant|_b|c_)t|cs for 4—12 weeks
(e.g. colistin, tobramycin)1

, v

Repeat lower airway specimen if Repeat lower airway specimen if possible
possible and if P. aeruginosa and if P. aeruginosa still present consider —
still present or becomes symptomatic repeating steps at least once

FIGURE 3 Suggested management approach used by the panel when Pseudomonas aeruginosa is first or newly
isolated in a child with bronchiectasis. The suggested approach depends upon 1) the specimen type and 2)
whether the child is symptomatic. However, panel members acknowledged the approach to initiating
eradication treatment is controversial. Some physicians may still feel it is appropriate to initiate eradication
therapy based only on a single upper airway specimen, even when symptoms and evidence of benefit in such
circumstances are absent. *: if no lower airway specimen available, no treatment if asymptomatic; treat with
intravenous anti-pseudomonal antibiotics for 2 weeks if symptomatic. : antibiotic choices are dependent upon
patient factors (e.g. adherence, tolerance and preference), availability of antibiotics and P. aeruginosa
susceptibility profile. *: although there is no trial evidence, many paediatricians use a combination of two
intravenous antibiotics. The recommendation for administering two antibiotics when employing short (2-week)
intravenous antibiotic courses is made to align with the studies included in the systematic review and the
European Respiratory Society adult guidelines [23].

Systematic reviews involving adults with bronchiectasis and chronic P. aeruginosa infection reported on
eradication using inhaled antibiotics compared to placebo (OR 3.36, 95% CI 1.63-6.91; p=0.001) with
significant reduction in exacerbation frequency (rate ratio 0.81, 95% CI 0.67-0.97; p=0.020) and
proportion of patients with one or more exacerbations (OR 0.85, 95% CI 0.74-0.97; p=0.015) [83]. These
data were consistent with another systematic review by different authors that focused on other treatment
aspects [84].

Justification of recommendation

There is an established association between lower airway infection with pathogenic microorganisms and
deteriorating clinical status and lung function in both the bronchiectasis [85] and CF [86, 87] literature.
While there is currently no evidence for early eradication from well-conducted trials in children/adolescents
with bronchiectasis, the panel suggests eradication treatment for P. aeruginosa. This recommendation
places a higher value on the theoretical benefits of eradication and patient/carer values and preferences, and
a lower value on possible treatment-related adverse effects.

Implementation considerations
Eradication therapy should employ a targeted antibiotic strategy for the minimum time necessary and
measures should be instituted to support full adherence to the prescribed regimen. Like the adult ERS
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guideline [23], without clear evidence for one regimen over another, figure 3 illustrates commonly used
approaches in children/adolescents by experts in the field.

Asthma-based medications

PICO Question 2

In children/adolescents with bronchiectasis, should asthma-type treatments (inhaled corticosteroids (ICS),
short-acting B,-agonists (SABA), long-acting S,-agonists (LABA)), compared to no asthma-type treatment,
be used routinely? Subgroup analyses for a) short- versus long-term and b) stable versus exacerbation
states.

Recommendation

+ In children/adolescents with bronchiectasis, we suggest not using ICS with or without LABA routinely
in either the short- or long-term, irrespective of stability or exacerbation. (Conditional recommendation,
very low quality of evidence.)

Remarks: ICS maybe beneficial in those with eosinophilic airway inflammation. In the absence of any

studies on the use with SABA in bronchiectasis, we cannot make any recommendation, but suggest an

objective evaluation is undertaken if such asthma-type medications are considered. For some, SABA may

be beneficial as pre-airway clearance therapies.

Summary of evidence

The evidence is based on five RCTs in adults (but not all contributed to all outcomes) and a single
observational study in children/adolescents. The latter related to withdrawing ICS and had a high risk of
bias, and the reported outcome measures were of doubtful clinical significance (FEV; and provocative
concentration causing a 20% fall in FEV, (PC,y) changes were small) [88]. Overall, there is a lack of
direct evidence for the use of ICS alone and in combination with LABA in children/adolescents with
bronchiectasis. The studies are all very low quality, with only five RCTs in adults identified from
systematic reviews [89, 90]. Four of the RCTs involved ICS versus placebo [91-94], while one examined
ICS/LABA compared to ICS [95]. Where critical outcomes were obtained from these RCTs, the effect size
for benefit was small and non-significant between groups.

For exacerbations, there was no difference between those who received versus those who did not receive
ICS (studies <6 months: average number of participants mean difference —0.17, 95% CI —0.56-0.22;
number of participants with at least one exacerbation OR 0.27, 95% CI 0.02-3.09, hospitalisation OR
0.20, 95% CI 0.02-1.90; studies >6 months: number of participants with improved frequency of
exacerbation OR 1.61, 96% CI 0.68-3.81). See evidence table in the supplementary material for other
outcomes.

RCT data in adults with bronchiectasis show increased adverse events when ICS are used and the risk
increases with higher ICS doses. Also, there is observational study evidence of increased risk of NTM
infection and pneumonia in adults with bronchiectasis and other chronic respiratory diseases who received
ICS [96, 97].

Other supportive evidence

The panel considered that there is good evidence from the non-bronchiectasis literature that ICS can lead
to adrenal suppression [98] and growth failure [99-101], as well as other adverse effects [97]. As there is
no reason to suppose this would be different in bronchiectasis, these medications should not be used
routinely unless there is objective evidence of benefit. Further, in adults with bronchiectasis, those
commencing ICS had poorer outcomes than those starting macrolides (higher risk of hospitalised
respiratory infection (HR 1.39, 95% CI 1.23-1.57) and exacerbations (HR 1.56, 95% CI 1.49-1.64)) [102].

Justification of recommendation

The evidence (albeit very low quality) shows a lack of efficacy for these medications. The panel
considered the overall weight of the literature, examining the efficacy and safety of ICS in adults and in
other conditions. This, combined with biological plausibility and the absence of any reason to suppose the
effects are any different in children/adolescents, would lead most clinicians to be very concerned about
potential adverse events from ICS, alone and in combination with LABA. Data on important adverse
events are supported by systematic reviews in other chronic respiratory diseases. These potential serious
adverse events (increased risk of NTM infection, pneumonia and tuberculosis), with strong biological
plausibility for causation, suggest against routine use of ICS with or without LABA in either the short- or
long-term. Also, there is supportive evidence of other possible harm as outlined above.
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The fiscal cost associated with ICS prescription globally is substantial. Hence, prescribing ICS/LABA
needs positive justification, which cannot be found in the current literature.

Implementation considerations

As bronchiectasis and eosinophilic asthma symptoms overlap, we recommend that if treatment with ICS or
ICS/LABA is contemplated, every effort should be made to document acute bronchodilator sensitivity
(acute spirometric response to SABA), atopy (skin prick tests and specific IgE) and airway eosinophilia
(peripheral blood eosinophil count, sputum eosinophils and exhaled nitric oxide). It should be noted that
the sensitivity and specificity of all these tests vary across the globe, but if there is no evidence of atopy or
airway eosinophilia in a given patient, ICS and ICS/LABA are unlikely to have a role. If a blind trial of
ICS or ICS/LABA is contemplated, because the above tests are equivocal or unavailable, objective
evidence of benefit should be obtained if the medications are continued.

There is, however, a subgroup with asthma-type responses where using SABA pre-ACT may prove useful.

Surgery

Narrative Question 7

In children/adolescents with bronchiectasis, what factors should be taken into account when considering
surgical removal of the diseased lung?

Usual practice statement

It is important to emphasise that surgery is rarely undertaken in the panel’s experience, although we are
aware that it is not uncommon in some settings. Surgery is only considered after maximal medical
therapies (e.g. ACT, long-term antibiotics, etc.) have failed and the child/adolescent’s QoL remains
significantly impaired. When contemplated, a multidisciplinary approach is essential, and the decision
should be based on the individual’s clinical state and local surgical expertise.

Recommendation
» In children/adolescents with bronchiectasis, we recommend when considering surgery, factors to be
taken into account include age, symptoms and disease burden, localisation of the bronchiectatic areas
on chest CT scans, the underlying aetiology (influencing recurrence of disease), facility where surgery
is undertaken (surgical expertise and availability of pre- and post-surgical care), and optimisation of the
child’s clinical state. (Strong recommendation, very low quality of evidence stemming from the
narrative review.)
Remarks: The benefits from surgery are higher in those with localised disease where complete resection
can be done and when the disease is not recurrent (i.e. absence of underlying aetiology such as
immunodeficiency). Careful pre-operative evaluation as well as rehabilitation post-surgery improves
outcome. Ideally, bronchoscopy and bronchoalveolar lavage are performed prior to surgery to exclude a
foreign body and obtain microbiological samples. A ventilation/perfusion scan to delineate non-ventilated
areas confirming the localised disease to plan for the surgery is likely beneficial. Optimisation of the child/
adolescent’s clinical state, including using appropriately targeted antibiotics, ACT and improving
nutritional status, pre- and post-surgery is also necessary.

Summary of evidence

The narrative summary only identified observational studies. There was a single prospective [103] study
and the rest (n=43) were retrospective. One meta-analysis [104] included the results of five paediatric
studies. Also, 18 out of 42 (43%) studies were undertaken by surgical groups from one country, thus
raising the possibility of selection and reporting bias. The limited evidence suggests better results if
surgery is undertaken in specialised centres after a series of tests (ventilation/perfusion scan, bronchoscopy
and chest CT scans) and optimising the patient’s lung function pre-surgery. Factors to be considered
include the underlying aetiology (influencing recurrence of disease), location and extent of disease (lobes
affected).

Other supportive evidence
Surgery for bronchiectasis is now undertaken rarely in high-income countries, but is not uncommon in
low- to middle-income countries. Members of the panel rarely advocate surgery to control bronchiectasis.

Justification of recommendation
Although evidence for assessing factors favouring lung surgery for children/adolescents with
bronchiectasis is very low, the data from the studies are consistent and inform the current standard of care
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in specialist settings. Also, the panel and PAG expressed the view that standardised clinical care is very
important when surgery is being considered, allowing risks versus benefits to be balanced.

Implementation considerations

Increasing accessibility to a multidisciplinary team with expertise in optimal pre-operative evaluation and
careful patient selection is recommended. Video-assisted thoracoscopic surgery, compared to open
thoracotomy, is associated with fewer complications and shorter post-operative hospital stay.

Systematic care

Narrative Question 3

In children/adolescents with bronchiectasis, should attention be paid to other paediatric systematic care
issues (nutrition, aerobic and non-aerobic exercise, psychological support, equipment care, vaccinations,
etc.)?

Recommendations

+ In children/adolescents with bronchiectasis, we suggest that nutrition is optimised, including vitamin D
status. (Conditional recommendation, very low quality of evidence stemming from the narrative
review.)

Remark: There is no evidence upon which to recommend additional nutritional supplements.

e In children/adolescents with bronchiectasis, we suggest that exercise is encouraged on an ongoing
basis; short periods of exercise training are unlikely to have a long-term effect. (Conditional
recommendation, very low quality of evidence stemming from the narrative review.)

Remark: There is insufficient evidence to make a recommendation for establishing formal exercise and

rehabilitation programmes.

« In children/adolescents with bronchiectasis, we suggest they are fully immunised according to their
national immunisation programmes, including pneumococcal and annual seasonal influenza vaccines if
these are not part of this programme. (Conditional recommendation, very low quality of evidence
stemming from the narrative review.)

» In children/adolescents with bronchiectasis, we suggest they receive psychological support and
education on equipment use and care. (Conditional recommendation, very low quality of evidence
stemming from the narrative review.)

Summary of evidence
The evidence is overall of very low quality. The 14 included studies were: nine reviews, two RCTs [105,
106] in adults, one RCT in children/adolescents [107] and two observational studies [108, 109].

The desirable effects of routine immunisation, exercise and good nutrition are undeniable, but their
magnitude is uncertain. Additional vaccinations for children/adolescents with bronchiectasis are likely
beneficial, but the quality of the evidence is very low [107, 110]. The positive effects of psychological
support and teaching appropriate equipment use and care for children/adolescents with chronic illness are
also likely highly desirable, but there are no data on type, duration or intensity of support or how to assist
with maintaining equipment. The data relevant for vitamin D were limited to adult-based studies [111].

Exercise training for short periods is unlikely to have prolonged effects and the implication is that exercise
support must be ongoing. There is low quality of evidence supporting fewer pulmonary exacerbations and
longer time-to-first exacerbation with exercise training. There are no agreed formal pulmonary
rehabilitation programmes in children/adolescents and there are no data on what exercise interventions are
most important. Whether a formal exercise programme is superior to encouragement of an active lifestyle
is unclear.

Justification of recommendation

Recommendations are based upon placing a higher value on low/moderate quality of evidence for clinical
improvement over a low value for concerns over uncertainty of magnitude and duration of benefit. The
need for good nutrition, immunisation and exercise in childhood would be widely supported.

Implementation considerations
Increase the accessibility of children/adolescents to centres practising standard of care in low- and

middle-income countries.

Narrative Question 4c
How should cross-infection be minimised?

https://doi.org/10.1183/13993003.02990-2020 16



EUROPEAN RESPIRATORY JOURNAL ERS GUIDELINES | A.B. CHANG ET AL.

Recommendation

« In children/adolescents with bronchiectasis, we suggest that they and their family are counselled on
cough and hand hygiene. Wherever possible, they should also avoid those with symptoms of viral
respiratory infections. Children/adolescents managed within a CF clinic must follow their infection
control policies. (Conditional recommendation, very low quality of evidence stemming from the
narrative review.)

Addendum: The guideline was written pre-COVID-19, but in view of this, children/adolescents with

bronchiectasis should follow measures recommended by local health authorities.

Monitoring
Narrative Question 4b
How frequently should patients be seen in outpatient clinics?

Recommendation

« In children/adolescents with bronchiectasis, we suggest they are reviewed every 3-6 months in
outpatient clinics to monitor their general wellbeing, respiratory status, including lung function when
age-appropriate, and to detect any complications. (Conditional recommendation, very low quality of
evidence stemming from the narrative review.)

Narrative Question 4a
How often should airway microbiology testing be conducted in outpatients?

Recommendation

e In children/adolescents with bronchiectasis, we suggest in those able to expectorate that routine
spontaneous or induced sputum samples are collected every 6—12 months as a means of identifying
new pathogens, specifically P. aeruginosa, and to help guide initial empiric antibiotic therapy for
future exacerbations. (Conditional recommendation, very low quality of evidence stemming from the
narrative review.)

Summary of evidence (for NQ4a-c)

The data presented in the supplementary material support outpatient clinic reviews every 3—-6 months and
standard infection control policies without segregating patients. However, for each of the three parts of
NQ4, there are no RCTs and evidence is based predominantly on observational studies in both children/
adolescents [14, 35, 51, 112-115]. The desirable frequency of outpatient clinic attendance and airway
microbiology surveillance is dependent upon patient factors (e.g. age, underlying aetiology, illness severity,
comorbidities and ability to reliably expectorate spontaneous or induced sputum) and circumstances (e.g.
travelling long distances for clinic attendance). Outpatient sputum culture surveillance every 6-12 months
is based on expert opinion [24].

Limited evidence prevents robust recommendations on infection control policies for patients with
bronchiectasis. If managed within a CF centre, local CF infection control policies should be followed and
direct contact with CF patients avoided. Standard infection control procedures should be discussed with
patients/families, and hand and cough hygiene measures followed. Influenza and other recommended
vaccines by national authorities are also endorsed.

Post-writing the guidelines, the onset of the COVID-19 pandemic led local health authorities to introduce
additional non-pharmacological public health measures to interrupt virus transmission.

Other supportive evidence

The panel’s collective clinical experience supports the approach outlined in the research evidence and the
pre-COVID-19 pragmatic recommendations of the European Bronchiectasis Network (EMBARC)
statement on infection control [116].

Justification of recommendation

Although the quality of the evidence for the above interventions leading to improving clinical outcomes is
very low, the suggestions above were based upon indirect evidence that current standard of care in
specialist settings leads to improved lung function post-diagnosis. Also, the panel and PAG advocated for
regular clinical care and monitoring by specialists, and for advice on avoiding cross-infection.
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Implementation considerations

Increased accessibility of children/adolescents to centres practising standards of care. It is also important to
educate clinicians, families and patients on the role of surveillance sputum cultures in those with clinically
stable bronchiectasis. As upper airway swabs are unreliable at predicting lower airway pathogens,
spontaneous or induced sputum samples in children/adolescents able to expectorate are recommended for
surveillance cultures. Bronchoalveolar lavage is reserved for treatment failures, especially if sputum
cultures are negative and/or unusual pathogens are suspected.

Narrative Question 5d
Are there any routine tests that should be undertaken to detect complications when attending outpatient
clinics?

Recommendation

» In children/adolescents with bronchiectasis, we suggest the following routine tests are undertaken to
detect complications when attending outpatient clinics: 1) lung function (spirometry for FEV; and
FVC) when age-appropriate, 2) sputum when they can expectorate and 3) pulse oximetry. (Conditional
recommendation, very low quality of evidence stemming from the narrative review.)

Narrative Question 5f
In gradually deteriorating (i.e. non-acute) patients, what investigations should be undertaken?

Recommendation

+ In children/adolescents with bronchiectasis whose clinical status is gradually deteriorating, we suggest
they are assessed for new infections (sputum or lower airway microbiology) and possible comorbidities
(e.g. asthma, gastro-oesophageal reflux disease, nutritional deficiencies, dental or sleep disorders, etc.).
(Conditional recommendation, very low quality of evidence stemming from the narrative review.)

Remarks: These children/adolescents often require hospitalisation for intravenous antibiotics and airway

clearance therapy.

Narrative Question 5e
When should repeat chest CT scans be undertaken?

Recommendation

« In children/adolescents with bronchiectasis, we suggest the decision to repeat chest CT scans is
individualised based on the clinical status and setting. (Conditional recommendation, very low quality
of evidence stemming from the narrative review.)

Remarks: Repeat chest CT scans should be considered to answer a question which will change

management.

Summary of evidence (for NQ5d-f)

The evidence provided in the narrative summary found only indirect evidence for using routine tests to
detect complications of bronchiectasis, investigations required for gradually deteriorating patients and
whether chest CT scans should be repeated. Our search did not identify any RCTs that address these
questions. The current evidence is based on 11 observational studies (10 retrospective and one prospective
cross-sectional study [41]) and it is highly unlikely that any RCT will be undertaken.

The desirable interventions are patient-specific (e.g. age (young children require general anaesthesia for
chest CT scans), illness severity and costs of tests) and circumstance-specific (e.g. underlying disease and
patients travelling long distances). Thus, desirable effects vary.

Specialists in respiratory clinics at tertiary paediatric hospitals currently use a model of care that, although
not fully described, includes standardised care assessing stability and detecting deterioration based on
clinical history and investigations. In these settings, studies report this model leads to improved lung
function post-diagnosis of bronchiectasis [2, 14, 35]. The monitoring component of the standardised care
includes 3-6-monthly clinical reviews with: 1) spirometry to assess FEV; and FVC, and 2) assessment for
new infection (sputum for bacteria culture during exacerbations and 6 monthly as routine) and assessing
(and when indicated investigating) for new comorbidities (e.g. asthma, gastro-oesophageal reflux disease,
nutritional deficiencies, dental or sleep disorders, etc.).
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Tertiary paediatric respiratory clinics monitor clinical symptoms, frequency and severity of respiratory
exacerbations, and lung function indices. When deterioration occurs, the narrative evidence [2, 14, 35, 117,
118] supports assessing and investigating for the treatable traits listed above.

Evidence from the narrative summary found several studies repeating chest CT scans in children/
adolescents with bronchiectasis [41, 118-122]. However, the reasons given for repeating scans were
largely based on clinical grounds. Indications include documenting reversal of bronchiectasis (e.g. for
medical insurance or reducing care burden for parents) or when there is an acute or gradual deterioration
(e.g. to assess for new treatable disease or justify more intensive treatments).

Other supportive evidence
Other supportive data include reducing exacerbations by following standards of care [123]. The panel’s
collective clinical experience supports the approach outlined in the supplementary material for NQ5.

Justification of recommendation

Although the evidence for the above interventions improving clinical outcomes is very low, the
suggestions above were based upon indirect evidence that the current standard of care in specialist settings
leads to improved lung function post-diagnosis. Also, the panel and PAG advocated for standardised
clinical care, especially in primary care settings.

Implementation considerations

Increase accessibility of children/adolescents to centres practising the recommended standard of care.
Obtaining additional CT scans needs to be balanced against the reported increased life-time cancer risk,
which is age- and dose-dependent. Although relatively negligible at the individual level and lower with
newer CT protocols, children previously have been estimated to have 10 times increased life-time cancer
risk following CT scans compared to middle-aged adults undergoing this investigation [124]. Currently,
specialists in tertiary paediatric respiratory clinics individualise the need to repeat the chest CT scans.

Reversibility and prevention
Narrative Question 2
In children/adolescents, is bronchiectasis a) reversible and/or b) preventable?

In some children/adolescents, their bronchiectasis is reversible and/or preventable. Factors important for
reversibility and/or prevention of bronchiectasis include early identification and treatment of inhaled
foreign bodies, preventing early and severe pneumonia, preventing recurrent protracted bacterial bronchitis,
treating primary immunodeficiency disorders causing bronchiectasis, promoting breastfeeding and
immunisation, and avoiding tobacco smoke and other pollutants.

Good practice statement

* In children/adolescents with bronchiectasis, we suggest wherever possible, interventions that reverse
and/or prevent bronchiectasis are undertaken. However, these measures are context- and
patient-specific.

Summary of evidence

While the evidence is very low, all six studies showed that with appropriate management early
bronchiectasis in some children/adolescents is reversible and thus preventable [2, 37, 118, 125-127]. The
resolution or improvement rates after appropriate treatment in children/adolescents with radiographically
confirmed bronchiectasis may be as great as 64% [2]. However, the proportion of resolution or
improvement likely varies with bronchiectasis severity, underlying aetiology, treatment provided and how
bronchiectasis was defined (the diagnostic criteria used).

Identifying and removing aspirated foreign bodies from the airways, especially within 14 days, prevents
bronchiectasis developing [128]. When treatment is delayed >30 days, bronchiectasis occurred in 60% of
children with retained foreign bodies [129]. Treating primary immunodeficiency is warranted, irrespective
of whether bronchiectasis is present.

A single-blind RCT showed community clinic-based primary care review of young children in New
Zealand post-hospitalisation for pneumonia/bronchiolitis did not prevent future bronchiectasis (found in
3.7% of the cohort) [130]; thus, interventions other than clinical review are required. There is only indirect
observational evidence on other potential risk factors for developing bronchiectasis in children/adolescents,
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PICO Title Recommendations
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1 In children/adolescents suspected of bronchiectasis: a)  +  In children/adolescents suspected of bronchiectasis, we suggest that

Should multidetector chest computed tomography
(MDCT) scans with high-resolution CT (HRCT) be
used instead of conventional HRCT alone for
diagnosing bronchiectasis? b) What CT criteria for
broncho-arterial dilatation (BAR) should be used?

In children/adolescents with bronchiectasis, should

asthma-type treatments (inhaled corticosteroids
(ICS), short-acting B,-agonists (SABA), long-acting
B,-agonists (LABA)), compared to no asthma-type
treatment, be used routinely? Subgroup analyses for
a) short- versus long-term and b) stable versus
exacerbation states.

In children/adolescents with bronchiectasis, should
mucoactive agents (compared to no mucoactive
agents) be used routinely? Subgroup analyses for a)
short- versus long-term, b) stable versus

exacerbation states and c) type of mucoactive agent.

In children/adolescents with bronchiectasis, should
regular airway clearance techniques (ACT)
(compared to no ACT) be undertaken? Subgroup
analyses for a) short- versus long-term and b) stable
versus exacerbation states.

In children/adolescents with bronchiectasis, should
systemic courses of antibiotics (compared to no
antibiotics) be used to treat an acute respiratory
exacerbation (type and duration)?

high-resolution MDCT scans with HRCT be used instead of conventional
HRCT to diagnose bronchiectasis in children/adolescents. (Conditional
recommendation, very low quality of evidence.)

» In children/adolescents suspected of bronchiectasis, we suggest that
paediatric-derived BAR (defined by the ratio of the inner diameter of the
airway to the outer diameter of the adjacent artery) of >0.8 is used to
define abnormality instead of the adult cut-off of >1-1.5. (Conditional
recommendation, very low quality of evidence stemming from the narrative
review.)

« In children/adolescents with bronchiectasis, we suggest not using ICS with
or without LABA routinely in either the short- or long-term, irrespective of
stability or exacerbation. (Conditional recommendation, very low quality of
evidence.)

Remarks: ICS maybe beneficial in those with eosinophilic airway inflammation.

In the absence of any studies on the use with SABA in bronchiectasis, we

cannot make any recommendation, but suggest an objective evaluation is

undertaken if such asthma-type medications are considered. For some, SABA
may be beneficial as pre-airway clearance therapies.

« In children/adolescents with bronchiectasis, we recommend that
recombinant human DNase (rhDNase) is not used routinely. (Strong
recommendation, very low quality of evidence.)

» In children/adolescents with bronchiectasis, we suggest that bromhexine is
not used routinely. (Conditional recommendation, very low quality of
evidence.)

» In children/adolescents with bronchiectasis, we suggest that neither inhaled
mannitol nor hypertonic saline are used routinely. (Conditional
recommendation, very low quality of evidence.)

Remarks: Inhaled mannitol or 6-7% hypertonic saline may be considered in

selected patients e.g. those with high daily symptoms, frequent exacerbations,

difficulty in expectoration and/or poor QoL. If well tolerated, the use of
hypertonic saline or mannitol could improve the QoL and facilitate
expectoration. For hypertonic saline and mannitol, children should be old
enough to tolerate these interventions, and the panel also considered that
short-acting B,-agonists should be used prior to inhaling either hypertonic
saline or mannitol. The first dose of hypertonic saline or mannitol should be
administered under medical supervision. The substantially higher cost of
mannitol compared with hypertonic saline should also be taken into
consideration.

« In children/adolescents with bronchiectasis, we recommend that they are
taught and receive regular ACT or manoeuvres. (Strong recommendation,
low quality of evidence.)

Remarks: Individualised ACT that are development- and age-appropriate are

best taught by a paediatric-trained chest physiotherapist (figure 2). The

frequency of ACT is best individualised. As children/adolescents mature,
techniques may need to be changed, and thus the ACT type and frequency is
best reviewed at least biannually by physiotherapists with expertise in
paediatric respiratory care. During acute exacerbations of bronchiectasis,
children/adolescents should receive ACT more frequently.

» In children/adolescents with bronchiectasis and an acute respiratory
exacerbation, we recommend a systemic course of an appropriate antibiotic
is used for 14 days. (Strong recommendation, moderate quality of evidence.)

Remarks: The empiric antibiotic of choice is amoxicillin-clavulanate, but the

type of antibiotics chosen should be based on the patient’s airway cultures

(e.g. those with Pseudomonas aeruginosa require different treatment regimens

to those without) and history of antibiotic hypersensitivity reactions. When the

exacerbation is severe (e.g. the child/adolescent is hypoxic) and/or when the
child/adolescent does not respond to oral antibiotics, intravenous antibiotics
will be needed.
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TABLE 2 Continued

PICO  Title Recommendations
6 In children/adolescents with bronchiectasis, should = In children/adolescents with bronchiectasis, we suggest eradication therapy
eradication treatment be used (irrespective of following an initial or new detection of P. aeruginosa. (Conditional
symptoms) when there is a new isolate of a recommendation for the intervention, very low quality of evidence.)
potentially pathogenic microorganism (compared to Remarks: Evidence in bronchiectasis is indirect and limited to three small
no eradication treatment)? observational studies in adults focused on P. aeruginosa eradication. However,
we suggest that eradication therapy should commence promptly after
confirming P. aeruginosa is present (figure 3). Due to lack of evidence, we are
unable to comment on eradication treatment for pathogens other than P.
aeruginosa, which is informed on a case-by-case basis according to the clinical
status of the child and the pathogen type. Antibiotic treatment should be made
available in every setting where children/adolescents with bronchiectasis are
managed.
7 In children/adolescents with bronchiectasis and « In children/adolescents with bronchiectasis and recurrent exacerbations, we
recurrent exacerbations, should long-term recommend treatment with long-term macrolide antibiotics to reduce
(>2 months) macrolide antibiotics (compared to no exacerbations. (Strong recommendation, low quality of evidence.)
antibiotics) be used to reduce exacerbations? Remarks: Based on the panel’s experience, we suggest long-term macrolide

antibiotics only in those who have had more than one hospitalised or three or
more non-hospitalised exacerbations in the previous 12 months. Such a course
should be for at least 6 months with regular reassessment to determine
whether the antibiotic continues to provide a clinical benefit. Children/
adolescents receiving longer treatment courses (>24 months) should continue
to be evaluated for risk versus benefit. This suggestion is in the context of
lacking data concerning when long-term azithromycin should be initiated, and
the need for caution because of increasing antibiotic resistance among
bacterial pathogens within patients and the community. While NTM are very
rarely detected in children/adolescents with bronchiectasis, we suggest a lower
airway specimen is obtained (when possible) to exclude their presence before
commencing long-term macrolide antibiotics. We encourage strategies to
ensure adherence to the macrolide regimen as >70% adherence improves
efficacy and reduces antibiotic resistance.

QoL: quality of life; NTM: non-tuberculous mycobacteria.

which includes strategies targeting household crowding, prematurity, and frequent, early-onset and severe
acute lower respiratory tract infections (especially hospitalised pneumonia) [131, 132]. Preventing recurrent
protracted bacterial bronchitis, non-typeable Haemophilus influenzae lower airway infection and increasing
breastfeeding may also prevent future bronchiectasis [131, 133]. However, the evidence is low and the
effect size is uncertain.

Justification of recommendation

The evidence for preventing and/or reversing bronchiectasis in children/adolescents is very low to low. We
called this a best practice statement, as not seeking to prevent or reverse a disease (if possible) would be
unethical.

Implementation considerations
Access and strategies to improve early diagnosis and interventions to prevent and/or reverse bronchiectasis
are required.

Conclusions

The recommendations from the ERS Task Force on the management of children and adolescents with
bronchiectasis are summarised in tables 2 and 3. The guidelines aim to assist health professionals with
optimising postnatal lung growth, preserving lung function, enhancing QoL, minimising exacerbations,
preventing complications and, if possible when diagnosed early, reversing bronchial wall dilatation as a
marker of structural lung injury. In so doing, we also seek to balance benefits and risks associated with
each of the recommended treatment approaches. As knowledge gaps and identified research priorities are
addressed, the guideline will need ongoing development in the years ahead.
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TABLE 3 Summary of narrative questions (NQs) and recommendations

NQ Title

Recommendations

1 In children/adolescents with suspected or confirmed
bronchiectasis, what standard tests that impact on
clinical outcomes should be undertaken when
managing this group of patients?

2 In children/adolescents, is bronchiectasis a) reversible
and/or b) preventable?

3 In children/adolescents with bronchiectasis, should
attention be paid to other paediatric systematic care
issues (nutrition, aerobic and non-aerobic exercise,
psychological support, equipment care, vaccinations,
etc.)?

4 When monitoring children/adolescents with
bronchiectasis: a) How often should airway
microbiology testing be conducted in outpatients? b)
How frequently should patients be seen in outpatient
clinics? ¢) How should cross-infection be minimised?

« In children/adolescents with suspected or confirmed bronchiectasis, we
suggest they have a minimum panel of tests undertaken, as done currently by
most experts in the field. (The minimum panel of tests comprises: 1) chest CT
scan (to diagnose bronchiectasis), 2) sweat test, 3) lung function tests (in
children/adolescents who can perform spirometry), 4) full blood count, 5)
immunological tests (total IgG, IgA, IgM, IgE and specific antibodies to vaccine
antigens) and 6) lower airway bacteriology.) (Conditional recommendation, very
low quality of evidence stemming from the narrative review.)

» In selected children/adolescents with bronchiectasis, we suggest additional
tests are considered based on their clinical presentation. These include
additional in-depth immunological assessments (in consultation with a
paediatric immunologist), diagnostic bronchoscopy with bronchoalveolar
lavage analysis (microbiology), and tests for airway aspiration, primary ciliary
dyskinesia and gastro-oesophageal disease. (Conditional recommendation, low
quality of evidence stemming from the narrative review.)

Remarks: In settings where tuberculosis or HIV have a high prevalence and/or there

is a history of close contact with tuberculosis, assessment for tuberculosis

infection/disease or HIV, respectively, is also undertaken as part of the minimum
panel of tests.

In some children/adolescents, their bronchiectasis is reversible and/or preventable.

Factors important for reversibility and/or prevention of bronchiectasis include early

identification and treatment of inhaled foreign bodies, preventing early and severe

pneumonia, preventing recurrent protracted bacterial bronchitis, treating primary
immunodeficiency disorders causing bronchiectasis, promoting breastfeeding and
immunisation, and avoiding tobacco smoke and other pollutants.

Good practice statement:

« In children/adolescents with bronchiectasis, we suggest wherever possible,
interventions that reverse and/or prevent bronchiectasis are undertaken.
However, these measures are context- and patient-specific.

« In children/adolescents with bronchiectasis, we suggest that nutrition is
optimised, including vitamin D status. (Conditional recommendation, very low
quality of evidence stemming from the narrative review.)

Remarks: There is no evidence upon which to recommend additional nutritional

supplements.

« In children/adolescents with bronchiectasis, we suggest that exercise is
encouraged on an ongoing basis; short periods of exercise training are unlikely
to have a long-term effect (Conditional recommendation, very low quality of
evidence stemming from the narrative review.)

Remarks: There is insufficient evidence to make a recommendation for establishing

formal exercise and rehabilitation programmes.

« In children/adolescents with bronchiectasis, we suggest that they are fully
immunised according to their national immunisation programmes, including
pneumococcal and seasonal influenza vaccines if these are not part of this
programme. (Conditional recommendation, very low quality of evidence
stemming from the narrative review.)

= In children/adolescents with bronchiectasis, we suggest that they receive
psychological support and education on equipment use and care (Conditional
recommendation, very low quality of evidence stemming from the narrative
review.)

» In children/adolescents with bronchiectasis, we suggest in those able to
expectorate that routine spontaneous or induced sputum samples are
collected every 6-12 months as a means of identifying new pathogens,
specifically P. aeruginosa, and to help guide initial empiric antibiotic therapy
for future exacerbations. (Conditional recommendation, very low quality of
evidence stemming from the narrative review.)

« In children/adolescents with bronchiectasis, we suggest they are reviewed
every 3—6 months in outpatient clinics to monitor their general wellbeing,
respiratory status, including lung function when age-appropriate, and to detect
any complications. (Conditional recommendation, very low quality of evidence
stemming from the narrative review.)
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TABLE 3 Continued

NQ Title

Recommendations

5 When monitoring children/adolescents with
bronchiectasis: d) Are there any routine tests that
should be undertaken to detect complications when
attending outpatient clinics? e) When should repeat
chest CT scans be undertaken? f) In gradually
deteriorating (i.e. non-acute) patients, what
investigations should be undertaken?

6 In children/adolescents with bronchiectasis, what
criteria should be used to define an exacerbation?

7 In children/adolescents with bronchiectasis, what
factors should be taken into account when
considering surgical removal of the diseased lung?

» In children/adolescents with bronchiectasis, we suggest that they and their
family are counselled on cough and hand hygiene. Wherever possible, they
should also avoid those with symptoms of viral respiratory infections. Children/
adolescents managed within a CF clinic must follow their infection control
policies. (Conditional recommendation, very low quality of evidence stemming
from the narrative review.)

Addendum: The guideline was written pre-COVID-19, but in view of this, children/

adolescents with bronchiectasis should follow measures recommended by local

health authorities.

» In children/adolescents with bronchiectasis, we suggest the following routine
tests are undertaken to detect complications when attending outpatient
clinics: 1) lung function (spirometry for FEV; and FVC) when age-appropriate, 2)
sputum when they can expectorate and 3) pulse oximetry. (Conditional
recommendation, very low quality of evidence stemming from the narrative
review.)

» In children/adolescents with bronchiectasis, we suggest the decision to repeat
chest CT scans is individualised based on the clinical status and setting.
(Conditional recommendation, very low quality of evidence stemming from the
narrative review.)

Remarks: Repeat chest CT scans should be considered to answer a question which

will change management.

» In children/adolescents with bronchiectasis whose clinical status is gradually
deteriorating, we suggest they are assessed for new infections (sputum or
lower airway microbiology) and possible comorbidities (e.g. asthma,
gastro-oesophageal reflux disease, nutritional deficiencies, dental or sleep
disorders, etc.). (Conditional recommendation, very low quality of evidence
stemming from the narrative review.)

Remarks: These children/adolescents often require hospitalisation for intravenous

antibiotics and airway clearance therapy.

For clinical purposes:

» In children/adolescents with bronchiectasis, we suggest that a respiratory
exacerbation is considered present when a child/adolescent has increased
respiratory symptoms (predominantly increased cough with or without
increased sputum quantity and/or purulence) for >3 days. (Conditional
recommendation, low quality of evidence stemming from the narrative review.)

Remarks: Other important, but less common, respiratory symptoms such as

haemoptysis, chest pain, breathlessness and wheeze may not be present. Clinicians

should not rely on changes in chest auscultation findings and chest radiographs to
diagnose an exacerbation as, although important, these findings are not always
present. Systemic symptoms (fever, fatigue, malaise, change in child’s behaviour
and appetite) may also herald onset of an exacerbation, but are non-specific.

Blood markers (e.g. elevated C-reactive protein, neutrophilia and interleukin-6)

provide supportive evidence of the presence of an exacerbation. However, these

indices are less important in defining exacerbations, but are likely useful for
research purposes. Also, markers like interleukin-6 are not standard clinical tests.

» In children/adolescents with bronchiectasis, we recommend that the presence
of dyspnoea (increased work of breathing) and/or hypoxia should be
considered a severe exacerbation, irrespective of duration. (Strong
recommendation, low quality of evidence stemming from the narrative review.)

Usual practice statement: It is important to emphasise that surgery is rarely

undertaken in the panel’s experience, although we are aware that it is not

uncommon in some settings. Surgery is only considered after maximal medical
therapies (e.g. ACT, long-term antibiotics, etc.) have failed and the child/

adolescent’s QoL remains significantly impaired. When contemplated, a

multidisciplinary approach is essential, and the decision should be based on the

individual’s clinical state and local surgical expertise.

» In children/adolescents with bronchiectasis, we recommend when considering
surgery, factors to be taken into account include age, symptoms and disease
burden, localisation of the bronchiectatic areas on chest CT, the underlying
aetiology (influencing recurrence of disease), facility where surgery is
undertaken (surgical expertise and availability of pre- and post-surgical care),
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and optimisation of the child’s clinical state. (Strong recommendation, very low

quality of evidence stemming from the narrative review.)
Remarks: The benefits from surgery are higher in those with localised disease
where complete resection can be done and when the disease is not recurrent (i.e.
absence of underlying aetiology such as immunodeficiency). Careful pre-operative
evaluation as well as rehabilitation post-surgery improves outcome. Ideally,
bronchoscopy and bronchoalveolar lavage are performed prior to surgery to
exclude a foreign body and obtain microbiological samples. A ventilation/perfusion
scan to delineate non-ventilated areas confirming the localised disease to plan for
the surgery is likely beneficial. Optimisation of the child/adolescent’s clinical state,
including using appropriately targeted antibiotics, ACT and improving nutritional
status, pre- and post-surgery is also necessary.

CT: computed tomography; CF: cystic fibrosis; FEV;: forced expiratory volume in 1s; FVC: forced vital capacity; ACT: airway clearance techniques;
QoL: quality of life.
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