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Aim: Following trials of inhaled antibiotics in adults, this study investigates the efficacy of nebulised gentamicin to improve respiratory function
in children with bronchiectasis.
Methods: This is a randomised, double-blind, placebo-controlled, crossover trial of 12-week nebulised placebo/gentamicin, 6-week washout,
12-week gentamicin/placebo. Participants were children (5–15 years) with bronchiectasis, chronic infection (any pathogen), and able to perform
spirometry from a hospital bronchiectasis clinic. Primary outcomes were change in forced expiratory volume in 1 s (FEV1) and hospitalisation
days. Secondary outcomes included sputum bacterial density, sputum inflammatory markers, additional antibiotics and symptom severity. Ana-
lyses were on an intention-to-treat basis.
Results: Fifteen children (mean 11.7-years-old) completed the study. There was no significant change in mean FEV1 (56%/55%, P = 0.38) or
annual rate of hospital admissions (1.1/0, P = 0.12) between gentamicin and placebo, respectively. However, Haemophilus influenzae sputum
growth (27% vs. 80%, P = 0.002) and bacterial density (2.4 log10 cfu/mL lower P < 0.001) improved with gentamicin. Sputum inflammatory
markers interleukin-1β (P < 0.001), interleukin-8 (P < 0.001) and tumour necrosis factor-α (P = 0.003) were lower with gentamicin. Poor recruit-
ment limited study power and treatment adherence was challenging for this cohort.
Conclusions: In this crossover study of nebulised gentamicin in children with bronchiectasis, there was a reduction in sputum bacterial density
and inflammation. However, there were no major improvements in clinical outcomes and adherence was a challenge.
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What is already known on this topic

1 Non-cystic fibrosis bronchiectasis results from complex interac-
tions between host immunity, pathogens and environment,
which also drive disease progression.

2 Inhaled antibiotics have some effectiveness in adults with bron-
chiectasis and children and adults with cystic fibrosis.

3 The effectiveness of inhaled antibiotics in children with bronchi-
ectasis is unknown.

What this paper adds

1 Treatment of children with non-cystic fibrosis bronchiectasis with
inhaled gentamicin leads to significant reductions in sputum bac-
terial density and inflammation.

2 There were no significant improvements in clinical outcomes.
3 Like other inhaled antibiotic studies in children, adherence to the

treatment regimen was challenging for this cohort.

Bronchiectasis unrelated to cystic fibrosis (CF) is an obstructive respi-

ratory disease characterised by chronic cough and sputum over-

production, recurrent bacterial infection, airway inflammation and

progressive lung damage.1 In New Zealand (NZ), there is an

increasing incidence of bronchiectasis in children <15 years, with

13.2 new cases per 100 000 in 2017,2 compared to 3.7/100000 in

2001/2002.3 Incidence is higher in M�aori (17.7/100000) and Pasifika

(28.0/100000) compared to NZ European/Other children.2 Bronchi-

ectasis is often associated with poverty, with incidence 2.4-times

higher in the most-deprived compared to least-deprived households.2

Complex interactions between host immunity, pathogens and envi-

ronment drive disease progression.1 Predominant pathogens in chil-

dren are Haemophilus influenzae, Streptococcus pneumoniae and Moraxella

catarrhalis,1 with Pseudomonas aeruginosa uncommon until adulthood.

Sputum indicates neutrophilic inflammation, neutrophil elastase,

interleukin-8 (IL-8) and tumour necrosis factor α (TNFα).1

Correspondence: Associate Professor Catherine A Byrnes, Department of
Paediatric and Child Health, Faculty of Medical and Health Sciences, Univer-
sity of Auckland & Starship Children’s Hospital, Private Bag 92019, Auckland
1142, New Zealand. Fax: +64 9 373 7486; email: c.byrnes@auckland.ac.nz

Conflict of interest: None declared.

Accepted for publication 15 January 2022.

doi:10.1111/jpc.15899

Journal of Paediatrics and Child Health (2022)
© 2022 The Authors. Journal of Paediatrics and Child Health published by John Wiley & Sons Australia, Ltd on behalf of Paediatrics and Child Health Division (The Royal
Australasian College of Physicians).
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited and is not used for commercial purposes.

1

https://orcid.org/0000-0003-2997-1946
https://orcid.org/0000-0002-3032-3172
mailto:c.byrnes@auckland.ac.nz
http://creativecommons.org/licenses/by-nc/4.0/


Current bronchiectasis management guidelines recommend

that patients with three-or-more exacerbations per year and/or

chronically infected with P. aeruginosa be considered for long-

term inhaled antibiotics,4,5 based on randomised controlled trials

in adults. A recent systematic review and meta-analysis reported

significantly reduced sputum bacterial density, exacerbation fre-

quency and increased bacterial eradication in adults treated with

inhaled antibiotics.6–8 However, there was no consistent

improvement in quality of life or lung function (forced expiratory

volume in 1 s [FEV1]).
6 In children and adults with CF,9 there is

evidence that long-term inhaled antibiotics improved lung func-

tion, quality of life, and reduced exacerbations in some but not

all studies. In most of these trials, CF and bronchiectasis partici-

pants had chronic P. aeruginosa infection.6,9

The efficacy of inhaled antibiotics in children with bronchiecta-

sis is unknown, yet this age group is more closely aligned to those

in CF trials. H. influenzae is the most common infecting organism

in this group and there are several oral antibiotic treatments

available. However, inhaled therapy remains an attractive option

for delivery of high concentrations of airway-localised antibiotics

with few systemic effects over a prolonged period.

Aminoglycosides are widely available, funded for this population

in NZ and show good efficacy against H influenzae with low resis-

tance. We have shown that nebulised gentamicin is well tolerated

by children and achieves H. influenzae bactericidal concentrations

in sputum.10 In this randomised controlled trial, we examine the

effectiveness of nebulised gentamicin in children with bronchiec-

tasis and chronic respiratory infection.

Methods

Study population

Participants were enrolled from the hospital bronchiectasis clinic

between June 2003 and December 2005. Inclusion criteria were:

(i) 5–15 years of age; (ii) chest CT scan confirmed bronchiectasis;

(iii) two positive sputum cultures (any organism) within the last

12 months; and (iv) ability to perform lung function testing and

provide sputum samples. Exclusion criteria were CF, co-morbid-

ities, aminoglycoside hypersensitivity or previous use of

aminoglycoside antibiotics, or any antibiotic therapy in the pre-

ceding 2 weeks.

Study design

This was a randomised, double-blind, placebo-controlled, cross-

over trial. Participants received 12 weeks treatment with

nebulised saline (placebo), followed by 6 weeks washout and

12 weeks treatment with nebulised gentamicin or the reverse,

gentamicin-washout-placebo (Fig. 1). The hospital pharmacy ran-

domised participants to the two study arms in blocks of three.

Telephone contact was made during the second week of each

period and home community visits occurred monthly.

Medication

After removing the gentamicin and water for injection labels to

provide ampoules of identical appearance, the pharmacy dis-

pensed gentamicin 80 mg (2 mL in 2 mL 0.9% saline) or placebo

(2 mL water for injection with 2 mL 0.9% saline).10 Participants

used an LC PLUS nebuliser driven by a PARI TurboBOY N com-

pressor (PARI GmbH, Starnberg, Germany) modified to incorpo-

rate a usage meter to record compressor use time.10 Treatment

was 10 min nebulised inhalation twice daily. All participants,

caregivers and researchers were blind to group allocation.

Pharmacia and Upjohn NZ Ltd (Christchurch, NZ) donated the

medication but had no input into the study.

Data collection

The baseline clinic visit recorded participant demographics, bron-

chiectasis history, high-resolution computed tomography (HRCT)

score by modified Bhalla,11 microbiology and domicile code for

NZ deprivation score.12 Follow-up visits recorded interval

Met eligibility criteria
(n = 42)

Informed consent
(n = 16)

Randomised
(n = 15)

Excluded (n = 26)

• Met exclusion criteria (n = 7)
• Declined enrolment (n = 13)
• Unable to contact during 

enrolment period (n = 6)

Group 1 (n = 8)
Period 1: Placebo

3 months (days 0–84)

Group 2 (n = 7)
Period 1: Gentamicin
3 months (days 0–84)

Period 1
Clinic visit/treatment challenge – Day 0

Community follow-up – Days 28, 56 and 84

Period 1: Washout
6 weeks (days 85–125)

Period 2
Clinic visit/treatment challenge – Day 126

Community follow-up – Days 154, 182 and 210

Period 2: Washout
6 weeks (days 211–251)

Study completion (n = 15)
Final examination (day 252)

Group 1 (n = 8)
Period 2: Gentamicin

3 months (days 126–210)

Group 2 (n = 7)
Period 2: Placebo

3 months (days 126–210)

Fig. 1 Flowchart describing randomised controlled trial of nebulised
gentamicin for paediatric bronchiectasis.
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respiratory history, examination findings and current therapies

(Appendices S1–S3, Supporting Information). A ‘Symptom

Severity Score’ was recorded as a 7-item 5-point visual analogue

scale adapted from Leidy et al.,13 (Appendix S4, Supporting Infor-

mation). Adverse events were recorded at each visit (Appendix

S5, Supporting Information). Height and weight were measured

using a portable stadiometer (Seca, Hamburg, Germany) and

scales (Model 916, Salter, Kent, UK). Lung function testing was

conducted according to American Thoracic Society Guidelines14

using a portable electronic spirometer (Vitalograph Compact II,

Vitalograph Limited, Buckingham, UK). The Auckland Ethics

Committee (AKX/03/045), the M�aori Research Review Commit-

tee, Auckland District Health Board (2003/045) and the New

Zealand Medicines and Medical Devices Safety Authority gave

approvals. Caregiver/s gave informed consent prior to enrolment.

Children assented if older than ten years

When possible, participants provided a sputum sample (trans-

ported on ice to the laboratory within 90 min) for standard

microbiology culture. Sputum was examined microscopically for

neutrophil and organism (gram stain) counts. Sputum pathogens

were identified using standard microbiological techniques and

grown on enriched and selective media: (i) blood agar (Oxoid

CM271, Oxoid, Basingstoke, UK), with 5% defibrinated horse

blood; (ii) chocolate agar supplemented with 18.9 units/mL

bactracin (Sigma, St. Louis, MO, USA); (iii) mannitol salt agar

(Oxoid CM85); or (iv) cetrimide-nalidixic acid agar (Oxoid

CM559 and SR102). For inflammatory marker measurement,

sputum was stored at �70�C until ultracentrifugation at 100000g

for 30 min at 4�C.15,16 Inflammatory markers (interleukin-1β (IL-

1β), IL-8, and TNFα) were measured in the soluble phase, using

the Luminex xMap immunoassay system (Luminex Corporation,

Austin, TX).

Adherence

Adherence was reported three ways: (i) participant report,

(ii) monthly used/unused ampoules count and (iii) monthly com-

pressor usage meter reading (min). At study completion, minutes

used, per individual, per period was calculated as a percentage of

full adherence (3360 min). We defined >50% adherence as

acceptable.

Outcome measures

Primary outcomes were (i) change in FEV1; and (ii) number of

days in hospital for respiratory exacerbations. Secondary out-

comes were forced vital capacity (FVC), forced expiratory flow

(FEF25-75%), total oral and intravenous antibiotics required,

schooldays missed and primary health visits for respiratory symp-

toms, severity symptom scale, sputum microscopy and

H. influenzae bacterial density and inflammatory marker levels in

sputum.

Analyses

Analyses were on an intention-to-treat basis using SAS version

9.1 (SAS Institute Inc., Cary, NC 2713-2414 USA). We converted

event outcomes to annual rates. Lung function was recorded as

percent predicted (Polgar reference equation).17 Bacterial density

and inflammatory cytokines were analysed as log10 transforma-

tions with bacterial density data presented as cfu/mL and inflam-

matory cytokines presented as pg/mL.16 Treatment effect

estimates were given relative to placebo utilising parametric or

non-parametric statistics with linear mixed model, non-linear

mixed model, Wilson signed rank or Prescott exact test. We cal-

culated a sample size of 35 for a power of 90% to detect a signifi-

cance of P < 0.05 using a 10% change in FEV1 and allowing for a

30% attrition rate.

Results

Participant enrolment and characteristics

We identified 42 children who met the inclusion criteria (Fig. 1).

Of these, 15 (36%) commenced treatment, representing 62% of

the sample calculated for sufficient power (n = 24) and only

46% of the intended sample size (n = 35) (Fig. 1). Inability to

manage the nebulisation schedule was the most common reason

given for declining enrolment.

Participants had a median age of 11.7 (range 5.4–15.9) years

and seven were male. Participants were Pasifika (nine), M�aori

(five) and European (one) ethnicities (Table 1). Two-thirds lived

in high deprivation households. Mean household size was 5.3

people with 54% under 15 years of age. Participants had exten-

sive bronchiectasis, with a mean of 4.3 lobes involved and a

mean modified Bhalla score of 34 (range 22–56). Thirteen had

clubbing and a chest wall deformity. Mean FEV1 was 63%

predicted (range 33–85%) and mean FVC was 77% predicted

(range 43–95%). All had chronic H. influenzae infection.

Aetiology was attributed to immunodeficiency in three partici-

pants (common variable immunodeficiency or X-linked agamma-

globulinemia; all receiving regular intravenous immunoglobulin),

and post-infectious in 12. Eight participants received placebo-

washout-gentamicin and seven received gentamicin-washout-

placebo treatment regimens (Fig. 1). We conducted 84% of

planned visits and collected 81% of sputum samples.

Primary outcomes

Lung function (FEV1% predicted) was not significantly different

between placebo (mean = 55% (range = 24–74%)) and genta-

micin (56% (25–80%); P = 0.38) (Table 2) with no significant

treatment effect on FEV1 (% predicted) between gentamicin and

placebo (+1.01 (�1.3 to +3.3), P = 0.38), or gentamicin and

baseline (+1.52 (�4.6 to +7.6), P = 0.62) (Table 3).

Three participants were admitted to hospital with respiratory

exacerbations during the gentamicin treatment period (one

admitted twice, with the longest admission for severe viral influ-

enza) with no admissions during the placebo period. However,

this did not reach statistical difference between the gentamicin

(1.1 (0.0–8.7) admissions/annum) and placebo (0.0 (0.0–0.0))

periods (P = 0.123; Table 2).

Secondary outcomes

There was no significant change in FVC with gentamicin (�0.27

(�2.6 to +2.1)) compared to placebo (P = 0.82). Airway resis-

tance (FEF25–75%) improved with gentamicin, with a treatment
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effect of +4.35 (+1.1 to +7.6) compared to placebo (P = 0.011;

Table 3). Eight participants received additional oral antibiotics for

respiratory exacerbations during the placebo period (113 days/

agent) and three during the gentamicin treatment period

(20 days/agent) (Table 2; P = 0.01). Compared to placebo, chil-

dren were less likely to receive additional antibiotics for respira-

tory exacerbations when they were receiving nebulised

gentamicin (odds ratio (OR) = 0.19 (95% confidence interval

(CI) 0.10–0.33) (P < 0.001; Table 3). Symptom severity (�2.02

(�3.6 to �0.5)) improved with gentamicin, compared to placebo

(P = 0.012; Table 3).

Of the 108 sputum samples cultured, 82 (76%) grew

H. influenzae. Overall, 12 (80%) of 15 participants grew

H. influenzae while on placebo and 4 (27%) 15 with gentamicin

(P = 0.001). H. influenzae clearance occurred in 60% of partici-

pants receiving gentamicin and 13% on placebo (13%;

P = 0.008). H. influenzae bacterial density was 2.44 log10 cfu/mL

lower with gentamicin compared to placebo (P < 0.001; Table 2)

with a gentamicin-related treatment effect of �2.74 (�4.0 to

�1.5) log10 cfu/mL on H. influenzae bacterial density (P < 0.001;

Table 3). Other bacterial species identified were Streptococcus

pneumoniae (9%), Moraxella catarrhalis (3%) and Staphylococcus

aureus (2%). P. aeruginosa was not found and 15% of samples

had no or mixed bacterial growth.

Sputum inflammatory markers were significantly reduced fol-

lowing gentamicin treatment compared to placebo, IL-1β (76%;

P < 0.001), IL-8 (74%; P < 0.001) and TNFα (59%; P = 0.003)

(Table 2). This corresponded to a gentamicin treatment effect of

�0.62 (�1.0 to �0.3) for IL-1β (P < 0.001), �0.43 (�0.7 to �0.2)

for IL-8 (P < 0.001) and �0.39 (�0.6 to �0.1) for TNFα
(P = 0.003) (Table 3).

Safety outcomes and treatment adherence

Mean adherence was 52% (range 21–84%) by participant report,

41% (9–72%) by ampoule count and 34% (0–72%) by usage

meter recording (Table 2). Adherence by report decreased over

time, while the other two methods remained constant through

the study. The Pearson correlation between report and count was

0.516, between report and usage meter was 0.452, and between

count and usage meter was 0.743. Mean compressor usage was

lower for gentamicin (28%) compared to placebo (41%). No seri-

ous adverse events were recorded and there was no difference

between adverse events in the two arms (P > 0.10; Table 2).

Discussion

This is the first double-blind, randomised, placebo-controlled trial

of nebulised antibiotics in children with bronchiectasis. Using a

crossover design, children with bronchiectasis were treated with

inhaled gentamicin or placebo. There was no improvement in the

primary outcomes of FEV1 and hospital admission for respiratory

exacerbations with gentamicin. Sputum inflammatory markers

(IL-1β, IL-8 and TNFα) and H. influenzae density decreased with

gentamicin, as did oral antibiotic use and symptom severity. Air-

way resistance also improved. However, treatment adherence

was poor, with more hospitalisations in the gentamicin group,

and there was no significant clinical improvement in children

with bronchiectasis.

Table 1 Baseline demographics and clinical characteristics of study
participants

Variable Both groups (n = 15)

Participant demographics
Age in years, median (range) 11.7 (5.4–14.9)
New Zealand born, n (%) 13 (87)
Ethnicity, n (%)

Pacific 9 (60)
M�aori 5 (33)
NZ European 1 (7)

Gender, n (%)
Male 7 (47)
Female 8 (53)

Body Mass Index (BMI), mean (range) 65th (1st-99th) percentile
Household characteristics
Caregiver, n (%)

Solo 7 (47)
Dual 8 (53)

Household size, mean (range) 5.5 (3.0–8.0)
Household Deprivation†, mean (range) 8 (2–10)
Smoke exposure, n (%) 8 (53)

Clinical characteristics
Clubbing, n (%) 13 (87)
Age of diagnosis in years, mean (range) 8.2 (1.6–12.2)
Years since diagnosis, mean (range) 3.7 (0.8–9.8)
CT score (modified Bhalla), mean
(range)

34 (17–56)

Chest deformity, n (%) 11 (73)
Bilateral bronchiectasis, n (%) 15 (100)
Lobes affected, mean (range) 4.3 (3.0–5.0)
Aetiology, n (%)

Immunodeficiency 2 (13)
Definitive or likely post-infectious 33 (87)

Lung Function (% predicted)‡, mean
(range)
FVC 77 (43–95)
FEV1 63 (33–85)
FEF25–75 53 (16–124)

Infection-chronic Hflu infection, n (%) 15 (100)
Admissions per annum for respiratory
exacerbations§, mean (range)

1.0 (0.0–3.5)

Days in hospital per annum, mean
(range)

12.3 (0.0–51.5)

Treatment
Inhaled bronchodilator use, n (%) 5 (33)
Regular inhaled corticosteroids
use, n (%)

4 (27)

Twice daily airway clearance
(physiotherapy), n (%)

15 (100)

Long-term antibiotic use, n (%) 2 (13)

† Area-level so cio-economic deprivation was measured using the
NZ Index of Deprivation.12 The index is constructed from nine Cen-
sus 2006 variables and provides a summary deprivation score from
1 to 10 for small areas. A score of 1 is allocated to the least
deprived 10% of areas, and 10 is allocated to the most deprived 10%
of areas. ‡ Polgar reference equation.17 § Mean of previous 2 years.
CT, computed tomography; FEF25–75%, forced expiratory flow; FEV1,
forced expiratory volume in 1 s; FVC, forced vital capacity.
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H. influenzae is an important pathogen associated with bronchi-

ectasis in children.1 Unlike P. aeruginosa, where there are few effec-

tive oral antibiotics, there are several oral antibiotics available to

treat H. influenzae. Nevertheless, inhaled antibiotic therapy remains

an attractive option due to localised, high concentration delivery,

few systemic side effects and suitability for long term treatment.

Gentamicin was a pragmatic choice due to its low cost, wide avail-

ability, funding, demonstrated sputum concentrations 25 times the

minimum inhibitory concentration for H. influenzae, low resistance

and topical use for other infections, such as eye disease.10 In this

study, inhaled gentamicin treatment was associated with reduced

H. influenzae sputum density and improved bacterial clearance.

Findings were similar in adults, where bacterial density and eradi-

cation were significantly improved with inhaled antibiotics.6 How-

ever, these effects were transitory as H. influenzae density returned

to baseline levels following washout.7,19

Airway inflammation is implicated in bronchiectasis aetiology

and progression.1 Sputum inflammatory marker concentrations

were reduced with gentamicin compared to placebo in some but

not all previous studies.6 Similar to findings in adults,6 we found

no change in lung function with inhaled gentamicin in children

with bronchiectasis. Lung function improvements were found in

some studies of children and adults with CF receiving inhaled anti-

biotics for P. aeruginosa.9 Significant improvements in exacerbation

frequency are associated with inhaled antibiotics in adults,6 and in

some studies (3/11) of children with CF.9 However, we found no

change in exacerbation frequency with inhaled gentamicin. We

observed a statistically significant improvement in the symptom

severity score of 2.5 points with gentamicin compared to placebo.

With no other improvements; however, the clinical significance of

this is uncertain. While more adverse events are reported in bron-

chiectasis compared to CF trials, notably bronchoconstriction and

wheeze necessitating discontinuation,6 no treatment-associated

adverse events occurred in this trial.

In paediatric populations, adherence to inhaled antibiotic treat-

ments is poor and has implications for treatment burden, clinical

Table 2 Primary and secondary outcomes

Outcome/measure Baseline Placebo Gentamicin P-value

Primary outcomes
FEV1 (% predicted), mean (range) 56 (25–86) 55 (24–74) 56 (25–80) 0.384
Respiratory exacerbations, mean (range)
Admissions/annum† 1.0 (0.0–3.5) 0.0 (0.0–0.0) 1.1 (0.0–8.7) 0.123
Length of stay (days/annum)† 12.3 (0.0–51.5) 0.0 (0.0–0.0) 19.3 (0.0–183.0) 0.120

Secondary outcomes
FVC (%predicted), mean (range) 77 (43–95) 74 (40–88) 73 (33–88) 0.820
Additional antibiotics
Oral antibiotic (days/agent) N/A 113 20 0.010
Oral or intravenous antibiotic (days/agent) N/A 113 66 0.360

Primary care visits (ever), mean/person N/A 0.3 0.1 0.450
School missed (days), mean/person N/A 6.0 9.1 0.359
Symptom severity score, mean (range) 9.4 (3–17) +1.0 (�4.6 to +9.3) �1.5 (�7.6 to +3.5) 0.012
Sputum microbiology
Hflu bacterial density (log10 cfu/mL) 5.60 4.82 2.38 <0.001

Sputum inflammatory markers (log10 pg/mL), mean (95% CI)
IL-1β 2.98 (2.26–3.70) 3.48 (3.15–3.81) 2.85 (2.51–3.19) <0.001
IL-8 4.73 (4.46–5.00) 5.08 (4.93–5.24) 4.50 (4.50–4.82) <0.001
TNFα 2.93 (2.53–3.32) 3.31 (3.09–3.52) 2.91 (2.69–3.13) 0.003

Safety outcomes
Treatment emergent adverse effects and bronchospasm
(pre/post inhalation)

• No serious adverse or treatment emergent effects identified
• No ototoxicity or nephrotoxicity identified
• No participant withdrawal due to adverse effects
• No significant difference in reported symptoms between placebo and gentamicin

treatment (rhinitis, increased cough, sore throat, headache, fever, chest pain,
increased sputum, abdominal pain, dizziness, nausea, vomiting, diarrhoea,
fatigue, rash, increased dyspnoea or reduced appetite) – all P > 0.10

Adherence measures‡ Total Placebo Gentamicin
Participant report, mean (range) 52% (21–84%) 58% 47% N/A
Ampoule count, mean (range) 41% (9–72%) 41% 36% N/A
Compressor usage meter, mean (range) 34% (0–72%) 41% 28% N/A

† Three participants were hospitalised during the study, two had one admission and one had two admissions. ‡ Expressed as percentage of perfect
usage (report: no missed nebulisations; ampoule count: Two ampoules/day; compressor use: 56 h). FEV1, forced expiratory volume in 1 s; FVC, forced
vital capacity; N/A, not applicable; Hflu, Haemophilus influenzae; IL-1β, interleukin-1β; IL-8, interleukin-8; TNFα, tumour necrosis factor-α. Bold indicates
statistically significant results.
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care, health-care costs and accuracy of trial data. Studies in chil-

dren with CF report 48% adherence by prescription pick-up20

and 36% by nebuliser usage.21 We found similarly, with 41%

usage by ampoule usage and 34% by nebuliser time. Adherence

is better in adults, with 86% adherence by nebuliser usage

reported in one study.19 The reported unpleasant taste of

nebulised gentamicin22 or the significant burden of daily

nebuliser use could play a role in poor adherence. Indeed, fami-

lies who declined participating in our study considered the

nebuliser regimen unsustainable. High treatment adherence in CF

has the potential to reduce hospitalisations and associated health-

care costs.20,23 Therefore, improving treatment adherence in chil-

dren with bronchiectasis has the potential to improve clinical out-

comes, reduce disease burden and lower health-care costs.

While this is the first study to examine nebulised antibiotics in

children with bronchiectasis, a significant limitation was reduced

study power due to low enrolment numbers. Study refusal was

high (31%) and only 15 of the 35 required for 90% power com-

menced the study. Historically, trials of inhaled antibiotics in

bronchiectasis have struggled to recruit participants, resulting in

timeline extensions and expansion to new sites, yet closing early

with insufficient participants.24 The twice-daily nebuliser regimen

was onerous and treatment adherence was poor. The require-

ment for at least two positive sputum cultures (any organism)

within the last 12 months was the most difficult inclusion crite-

rion to meet. We believe this reflects the difficulty for children to

expectorate sputum rather than that the proportion with chronic

infection was low. At the time of this study, lung function and

hospitalisation had been used as primary outcome measures in

adults with bronchiectasis and were thus deemed appropriate.

Indeed, there were more hospitalisations in the gentamicin

period, largely driven by one participant with a severe viral influ-

enza infection and while overall this did not reach significance it

could reflect a type-2 error. Other studies have opted for bacterial

Table 3 Treatment effect outcomes

Treatment effect (gentamicin vs. placebo)

Outcome/measure Estimate† Plot P-value

Primary outcomes
FEV1 (% predicted)

-5 0 5 10
Estimate
(95% CI)

Gentamicin versus placebo +1.01 (�1.3 to +3.3) 0.38‡
Gentamicin versus baseline +1.52 (�4.6 to +7.6) 0.62‡

Hospital admissions (gentamicin: placebo) 3:0 0.13§
Secondary outcomes
FVC (% predicted) �0.27 (�2.6 to +2.1) 0.82‡
FEF25–75% (% predicted) +4.35 (+1.1 to + 7.6) 0.011‡
Additional Antibiotics, odds ratio (95% CI)

Oral antibiotic (days) 0.19 (0.10 to 0.33) <0.001¶
Oral or intravenous antibiotic (days) 0.86 (0.61 to 1.21) 0.36¶

Primary care visits (ever), odds ratio (95% CI) 0.40†† 0.45§
School missed (days), median 0 (�69 to +143) 0.36‡‡
Symptom severity score �2.02 (�3.6 to � 0.5) 0.012‡
Sputum microbiology
Hflu bacterial density (log10 cfu/mL) �2.74 (�4.0 to � 1.5) <0.001‡
Sputum inflammatory markers (log10 pg/mL), mean
(95% CI)
IL-1β �0.62 (�1.0 to � 0.3) <0.001‡
IL-8 �0.43 (�0.7 to � 0.2) <0.001‡
TNFα �0.39 (�0.6 to � 0.1) 0.003‡

† Treatment effect estimates were given relative to placebo utilising parametric or non-parametric statistics with linear mixed model, non-linear mixed
model, Wilson signed rank or Prescott exact test. ‡ Linear mixed model. § Prescott’s exact test.18 ¶ Non-linear mixed model. †† 95% CI not included
due to insufficient data. ‡‡ Wilcoxon signed-rank test. Positive values indicate an increase with gentamicin treatment, negative values indicate a
decrease with gentamicin treatment. CI, confidence interval; FEF25–75%, forced expiratory flow; FEV1, forced expiratory volume in 1 s; FVC, forced vital
capacity; Hflu, Haemophilus influenzae; IL-1β, interleukin-1β; IL-8, interleukin-8; TNFα, tumour necrosis factor-α. Bold indicates statistically significant
results.
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loads and inflammatory markers, which were secondary out-

comes in our study, as primary outcomes.6–8,19 More recently,

clinically meaningful outcomes such as exacerbation frequency

and/or time to next exacerbation have been used in trials of

nebulised antibiotics for adults with bronchiectasis.6–8,19

Conclusions

In this crossover study of nebulised gentamicin in children with

bronchiectasis, there was a reduction in sputum bacterial density

and inflammation. However, there were no major improvements

in clinical outcomes and adherence was a challenge. Our findings

are in keeping with results from similar trials in adults with bron-

chiectasis. While guidelines have kept inhaled antibiotics as an

option for paediatric bronchiectasis treatment, the outcomes have

been poorer in this population than anticipated.
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