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ABSTRACT We conducted a meta-analysis of randomised trials to evaluate the efficacy and safety of

inhaled antibiotics in patients with stable non-cystic fibrosis (CF) bronchiectasis.

We searched the Cochrane Airways Group Register of Trials from inception until March 2014.

12 trials with 1264 adult patients were included, of which five were unpublished studies. Eight trials on

590 patients contributed data to the meta-analysis. Amikacin, aztreonam, ciprofloxacin, gentamicin, colistin

or tobramycin were used for 4 weeks to 12 months. Inhaled antibiotics were more effective than placebo

or symptomatic treatment in reducing sputum bacterial load (five trials; weighted mean difference

-2.65 log10 CFU?g-1, 95% CI -4.38– -0.92 log10 CFU?g-1), eradicating the bacteria from sputum (six trials;

risk ratio 4.2, 95% CI 1.66–10.64) and reducing the risk of acute exacerbations (five trials; risk ratio 0.72,

95% CI 0.55–0.94). Bronchospasm occurred in 10% of patients treated with inhaled antibiotics compared

with 2.3% in the control group (seven trials; risk ratio 2.96, 95% CI 1.30–6.73), but the two groups had the

same withdrawal rate due to adverse events (12.2%).

Inhaled antibiotics may provide an effective suppressive antibiotic therapy with an acceptable safety

profile in adult patients with stable non-CF bronchiectasis and chronic bronchial infection.
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Introduction
Non-cystic fibrosis (CF) bronchiectasis remains an important cause of chronic respiratory morbidity with a

considerable healthcare burden in both developed and developing countries [1–3]. Most patients with

bronchiectasis are chronically infected with a variety of bacterial pathogens, resulting in a vicious cycle of

infection and inflammation with persistent respiratory symptoms and further airway damage [4, 5]. A

recent study found a direct relationship between bacterial load and airway and systemic inflammation in

385 patients with stable non-CF bronchiectasis [6]. Higher bacterial load was associated with more severe

respiratory symptoms, greater risk of exacerbations and more frequent unscheduled hospitalisations. This

study also showed that both 14-day intravenous antibiotic therapy and 12-month treatment with nebulised

gentamicin had significantly reduced markers of airways and systemic inflammation. In contrast, a

Cochrane systematic review of nine randomised trials involving 378 patients with non-CF bronchiectasis

reported no benefit of prolonged (o4 weeks) antibiotics in reducing risk of exacerbations (OR 0.96, 95%

CI 0.27–3.45), in spite of a higher clinical response rate (OR 3.37, 95% CI 1.6–7.09) [7]. The review

included three trials in which nebulised antibiotics were used, but the therapeutic benefit of this group of

antibiotics was not separately assessed. Given the potential advantage of inhalation over other routes of

administration for antibiotics, use of inhaled antibiotics in patients with non-CF bronchiectasis needs to be

addressed. We conducted this systematic review and meta-analysis of randomised trials to assess the efficacy

and safety of inhaled antibiotics in patients with stable non-CF bronchiectasis.

Methods
We followed the recommendations of the PRISMA (Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) statement [8] for conduct and reporting of this review. The review protocol was completed

in 2011 and approved by a panel of experts consisting of one epidemiologist and two pulmonologists. The

only difference between the protocol and review is that we included trials involving patients with stable

disease treated with inhaled antibiotics for o4 weeks, rather than patients in any clinical situation with any

treatment duration as initially described in the review protocol.

Data sources and search strategy
We searched the Cochrane Airways Group Register of Trials, which contains trials identified through the

Cochrane Central Register of Controlled Trials, MEDLINE, EMBASE, CINAHL, LILACS, AMED and

PsycINFO, and undertook hand searching of respiratory journals and meeting abstracts. The search strategy

used was as follows: (((antibiotic* or antibacterial or anti-bacterial or antimicrobial or anti-microbial

or aminoglycoside*) and (inhal* or nebuli* or aerosol*)) or tobramycin or gentamicin or colomycin

or aztreonam or taurolidine or cephaloridine or carbenicillin or ceftazidime or colistin or amikacin or

vancomycin) AND (bronchiectasis or chronic bronchial infection or chronic bronchial sepsis). We also

conducted a search of the ClinicalTrials.gov trials registry. All databases were initially searched from their

inception until November 2011, and update searches were conducted in November 2013 and March 2014.

There was no restriction on language of publication. We checked reference lists of all primary studies and

review articles for additional relevant trials.

Study selection
Inclusion and exclusion criteria were defined a priori. To be included in this review, studies had to meet all

of the following criteria. 1) Study design: a randomised controlled trial. 2) Participants: adult or paediatric

patients with bronchiectasis diagnosed by bronchography or computed tomography, and in a stable clinical

condition. 3) Interventions and comparisons: antibiotics administered via inhalation for o4 weeks,

compared with placebo or other interventions. 4) Outcomes (at least one of the following measures was

obtained): sputum analysis (microbiological examination and/or physical properties), clinical response,

acute exacerbations, hospital admission, pulmonary function test, health-related quality of life, markers of

airways and systemic inflammation, and safety. Trials were excluded if patients had a diagnosis of CF or

other chronic pulmonary disorders, or had an acute exacerbation at study entry.

Two investigators independently screened the titles and abstracts of citations identified by the searches. Full

articles were retrieved when they appeared to meet the inclusion criteria or there were insufficient data in

the titles and abstracts to make a clear decision for their inclusion. The definitive inclusion of trials was

made after reviewing the full text of the articles. Any disagreement between the two reviewers about study

inclusion was resolved by discussion.

Data extraction and assessment of risk of bias in included studies
Data from each included study were extracted by one reviewer and confirmed by another. We used a pre-

designed standard form to extract five categories of data. 1) General information: first author’s name, year
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of publication, country of origin and funding source. 2) Methodology of the study: study design, methods

of random sequence generation, allocation concealment and blinding, description of withdrawal, methods

of collection and reporting of efficacy and safety outcomes and adherence with treatment. 3) Participants:

age, sex, number enrolled, randomised and analysed, inclusion and exclusion criteria, method for diagnosis

of bronchiectasis and baseline characteristics of patients. 4) Interventions and comparisons: specific

antibiotic, placebo or other comparator, daily dose, interval of administration, duration of treatment, drug

delivery device, and co-interventions. 5) Outcomes: for continuous outcomes, we extracted sample size,

mean (median) and precision of measurements (standard deviation, standard error, 95% confidence

intervals or interquartile range (IQR)) for each treatment arm. For dichotomous outcomes, we extracted

number of events and total number of participants in each treatment arm. Intention-to-treat (ITT) datasets

were used whenever available. In one trial [9], we used Engauge digitising software (digitizer.sourceforge.

net) to extract the mean (95% CI) change in sputum bacterial load (log10 CFU?g-1) from the figure.

Two reviewers independently assessed the risk of bias in included trials by examining six key domains

according to the recommendations of the Cochrane Collaboration [10]: 1) allocation sequence generation;

2) concealment of allocation; 3) blinding of participants and investigators; 4) incomplete outcome data;

5) selective outcome reporting; and 6) other sources of bias. We graded each potential source of bias as

‘‘yes’’, ‘‘no’’ or ‘‘unclear’’, relating to whether the potential for bias was high, low or unknown. Any

disagreement about data extraction and risk of bias assessment was resolved by discussion.

Data synthesis
We performed meta-analysis for quantitative data synthesis whenever there were available data from the

primary studies. For continuous outcomes, weighted mean difference (WMD) between treatment groups

and 95% confidence intervals were used as the metrics of effect size. Dichotomous data were synthesised

using risk ratios and 95% confidence intervals as the effect measures. We also calculated number needed to

treat (NNT) and number needed to harm (NNH) to measure the effect size of benefits and harms of the

treatment. We used the random-effects model for meta-analysis because it is more appropriate than the

fixed-effects model and gives more conservative estimates with wider confidence intervals when there is

significant heterogeneity across studies. Otherwise, the two models generate similar results. We used the I2

statistic to measure heterogeneity among the trials in each analysis. The I2 statistic ranges from 0% to 100%

and measures the degree of inconsistency of results across studies, with values of 25%, 50% and 75%

corresponding to low, moderate and high heterogeneity, respectively [10]. We conducted planned subgroup

analyses to explore the potential sources of heterogeneity and effect modifiers. In one trial [11], we obtained

the missing standard deviation of the mean change in sputum bacterial load (log10 CFU?g-1) from study

results posted in the ClinicalTrials.gov trials registry. The statistical analysis was performed with Stata

version 11.0 (StataCorp, College Station, TX, USA).

Results
Search results and study selection
The search strategy identified 126 unique records. After screening the titles and abstracts, we retrieved 17

potentially relevant full-text articles for further evaluation. Nine articles [6, 12–19] were excluded for

reasons shown in figure 1. The findings of one trial were reported by BARKER et al. [9] in 2000 and by

COUCH [20] in 2001, so this trial was labelled as BARKER 2000 and COUCH 2001. We obtained data from the

trials registry (ClinicalTrials.gov), congress presentations and drug company’s trial reports to assess the

eligibility of five unpublished trials. All five unpublished trials [21–28] met the inclusion criteria. No

additional trials were found by checking the reference lists of primary studies and review articles. Thus, 12

trials [9, 11, 21–33] were included in this review with eight [9, 11, 26, 27, 29–33] contributing data to the

meta-analysis (fig. 1).

Study characteristics and risk of bias assessment
Table 1 summarises the characteristics of the 12 included trials. All but three studies [28, 31, 32] were

randomised, double-blind, placebo-controlled trials and nine [9, 11, 21–27, 30, 31, 33] were multicentre

studies. Eight trials [9, 11, 21–27, 31, 33] were sponsored by pharmaceutical companies. The 12 trials

included a total of 1264 adult patients with clinically stable computed tomography-confirmed non-CF

bronchiectasis and chronic bronchial infection; 656 were allocated to the antibiotic group and 608 were

allocated to the control group. None of the trials included paediatric patients. Eight trials with a total of 590

patients (304 in the antibiotic group and 286 in the control group) contributed data to the meta-analysis. In

the remaining four unpublished trials with a total of 674 patients, we failed to obtain suitable data for meta-

analysis. We have narratively summarised the main findings of these four trials in online supplementary

table S1 [21–25, 28].
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The inhaled antibiotics used in the 12 trials were amikacin [26, 27], aztreonam [21–23] ciprofloxacin

[11, 24, 25, 33], colistin [26, 27, 30], gentamicin [31] and tobramycin [9, 29, 32]. A jet nebuliser was used as

the inhalation device in all but one trial [11], in which a dry-powder inhaler was used for delivery of

ciprofloxacin. The treatment duration varied from 4 weeks to 12 months.

All but one [32] of the 12 trials clearly defined primary and secondary outcomes. The primary efficacy

outcome included mean change in sputum bacterial load (log10 CFU?g-1) [9, 11, 24, 25, 31, 33], time to first

exacerbation or number of exacerbations [29, 30], mean change in quality of life scores [21–23] and need

for hospital readmissions [28]. One safety trial [26, 27] used incidence of adverse events as the primary

outcome. All but one [30] of the eight trials included in the meta-analysis used per-protocol population for

the analysis of efficacy outcomes. Safety outcomes were analysed in all trials using ITT population.

The risk of bias of the eight trials which contributed data to the meta-analysis was assessed (online

supplementary table S2). All but one trial [33] had an unknown risk of selection bias due to lack of

information on random sequence generation and allocation concealment. Attribution bias might have

occurred in all but one trial [26, 27], because of high and unbalanced withdrawal rates after randomisation

in the treatment groups.

Efficacy of inhaled antibiotics
Sputum microbiology
Seven trials with a total of 608 patients [9, 11, 26, 27, 29–31, 33] reported mean change from baseline in

sputum bacterial load (log10 CFU?g-1), of which five trials on 302 patients [9, 11, 26, 27, 30, 33] provided

suitable data for pooling of results. One 6-month trial [30] reported mean change from baseline in sputum

Pseudomonas aeruginosa load at 4 and 12 weeks, but not at the end of the 6-month treatment. The

mean¡SD reduction of P. aeruginosa load in the colistin versus placebo groups was -1.7¡2.2 versus

-0.3¡1.9 log10 CFU?g-1 and -1.6¡2.2 versus -0.5¡2.3 log10 CFU?g-1 at 4 and 12 weeks, respectively. We

used the results obtained at 4 weeks for the meta-analysis because the other four trials had 4-week treatment

duration. The meta-analysis of the five trials showed that inhaled antibiotics produced a greater reduction

in sputum bacterial load (log10 CFU?g-1) compared with the control group (WMD -2.65, 95% CI

-4.38– -0.92; p50.003, I2595.2%) (fig. 2). Subgroup analysis showed a statistically significant difference

in reducing sputum bacterial load (log10 CFU?g-1) between different types of antibiotics (aminoglycosides,

two trials with 123 patients, WMD -2.45, 95% CI -6.55–1.64; colistin, one trial on 144 patients, WMD -1.40,

Records identified

through CAGR:

  November 2011 (n=103)

  November 2013 (n=22)

  March 2014 (n=14)

Records identified

through other sources:

  November 2011 (n=19)

  November 2013 (n=6)

  March 2014 (n=2)

Excluded on the basis of 

titles and abstracts (n=104)

Articles excluded (n=9):

  CF patients (n=1)

  Treatment for exacerbation (n=1)

  Treatment duration <4 weeks (n=1)

  No randomised trial (n=6)

Unique records screened (n=126)

Full text articles assessed for eligibility (n=17)

Abstracts and study results posted in the trial registry

  assessed for eligibility of unpublished trials (n=5)

13 citations reporting 12 trials were included in the review

  8 trials contributed data to the meta-analysis

Duplications (n=40)

FIGURE 1 Flow diagram of study
selection. CAGR: Cochrane Airways
Group Register of Trials.
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TABLE 1 Characteristics of included trials

Study Country Participants Intervention Control Study design Outcomes

AIR-BX1 and
AIR-BX2 trials
2013,
sponsored by
Gilead
Sciences
[21, 22, 23]

Belgium,
France,

Germany,
Italy, the

Netherlands,
Spain, UK, USA

Inclusion criteria: adult patients (o18 years) had non-CF
bronchiectasis confirmed by HRCT, and had positive
sputum culture for Gram-negative organisms

Exclusion criteria: patients had hospitalisation within
14 days prior to the study, previous exposure to inhaled
aztreonam, continuous O2 use .2 L?min-1, current
treatment for non-TB mycobacterial infection or active
TB infection within 1 year of enrolment or other serious
medical conditions

Aztreonam
75 mg via an

eFlow nebuliser,
three times a day,

two 28-day
on/off cycles

AIR-BX1 (n5134)
AIR-BX2 (n5136)

Placebo via an
eFlow nebuliser,

three times a
day, two 28-day

on/off cycles
AIR-BX1
(n5132)
AIR-BX2
(n5138)

International,
multicentre,

RDBPCT

Primary: mean change in QoL-B
scores from baseline to day 28

Secondary: mean change in
QoL-B scores from baseline to
day 84, time to first
exacerbation

BARKER 2000 and
COUCH 2001,
sponsored by
PathoGenesis
[9, 20]

USA Inclusion criteria: adult patients (o18 years) had
bronchiectasis diagnosed by CT, and had grossly
purulent sputum containing PA o104 CFU?g-1

Exclusion criteria: patients had CF, ABPA, acute pulmonary
process requiring medical intervention, or had received
antibiotics within 2 weeks prior to the study

Tobramycin
300 mg via a jet
nebuliser, twice
daily, 4 weeks

(n537)

Placebo
(1.25 mg quinine
sulfate) via a jet
nebuliser, twice
daily, 4 weeks

(n537)

Multicentre,
RDBPCT

Primary: mean change in sputum
PA density (log10 CFU?g-1)
from baseline to week 4

Secondary: eradication of PA in
sputum, clinical improvement,
hospitalisation, PFT, adverse
events, emergency of bacterial
resistance

DROBNIC 2005, no
sponsor [29]

Spain Inclusion criteria: adult patients had bronchiectasis
diagnosed by HRCT, and had o3 positive sputum
cultures for PA during the 6 months before the study

Exclusion criteria: patients had CF, tobramycin
hypersensitivity, PA in sputum resistant to tobramycin,
or had serum creatinine o1.5 mg?dL-1

Tobramycin
300 mg via a jet
nebuliser, twice
daily, 6 months

(n530)

Placebo (0.9%
saline) via a jet
nebuliser, twice
daily, 6 months

(n530)

Crossover
RDBPCT, with
a one-month

washout
period

Primary: number of exacerbations
and hospitalisations

Secondary: mean change in
sputum PA density,
eradication of PA in sputum,
use of antibiotic, PFT, markers
of systemic inflammation,
SGRQ, adverse events,
emergence of bacterial
resistance

HAWORTH 2014,
sponsored by
Profile
Pharma Ltd
[30]

Russia,
Ukraine, UK

Inclusion criteria: adult patients (o18 years) had clinically
stable, non-CF bronchiectasis conformed by CT, had o2
positive sputum cultures for PA in the preceding
12 months and a positive sputum culture for PA at the
screening visit

Exclusion criteria: not stated

Colistin
1 million IU via

I-neb AAD
system, twice

daily, 6 months
(n573)

Placebo (0.45%
saline) via I-neb

AAD system,
twice daily,
6 months

(n571)

Multicentre
RDBPCT

Primary: time to first
exacerbation

Secondary: severity of
exacerbation, mean change in
sputum PA density
(log10 CFU?g-1), SGRQ,
adverse events, emergence of
bacterial resistance

MURRAY 2011,
supported by
the Chief
Scientist
Office,
Scotland [31]

UK Inclusion criteria: adult patients had clinically stable
bronchiectasis diagnosed by HRCT, had chronically
infected sputum, had o2 exacerbations in the past year,
and had FEV1 .30% predicted

Exclusion criteria: patients had CF, active pulmonary
disorders (TB, sarcoidosis, ABPA), COPD, poorly
controlled asthma, creatinine clearance ,30 mL?min-1,
vestibular instability, or had hypersensitivity to
aminoglycosides

Gentamicin
80 mg via a jet

nebuliser, twice
daily, 12 months

(n532)

Placebo (0.9%
saline) via a jet
nebuliser, twice
daily, 12 months

(n533)

Multicentre,
randomised,
single-blind,

placebo-
controlled trial

Primary: mean change in sputum
bacterial load (log10 CFU?g-1)

Secondary: sputum analysis
(volume, purulence, MPO, free
elastase, bacterial eradication),
acute exacerbation, PFT, SGRQ,
LCQ, markers of systemic
inflammation, adverse events,
emergence of bacterial
resistance

ORBIT-1
trial 2011,
sponsored by
Aradigm Corp.
[24, 25]

Australia,
Canada,

Germany, UK,
USA

Inclusion criteria: adult patients (o18 years) had clinically
stable, non-CF bronchiectasis confirmed by HRCT, and
had PA airway infection

Exclusion criteria: patients had either changes in regimen
or initiation of azithromycin, hypertonic saline,
bronchodilators or oral steroids within 28 days prior to
study, had received investigational drug or device within
28 days prior to study, or had any serious or active
medical or psychical conditions

Liposomal
ciprofloxacin

100 mg (n530),
200 mg (n532)
via a nebuliser,

once daily,
28 days

Matching
placebo via a

nebuliser, once
daily, 28 days

(n533)

International,
multicentre,

RDBPCT

Primary: mean change in sputum
PA density (log10 CFU?g-1)
from baseline to day 28

Secondary: acute exacerbations,
PFT, quality of life scores,
safety and tolerability

ORRIOLS 1999, no
sponsor [32]

Spain Inclusion criteria: adult patients had bronchiectasis
diagnosed by bronchography, CT or both, had o3
positive sputum cultures for PA during the year prior to
study, and had been treated at least once with oral
ciprofloxacin in the past 3 months because of
exacerbation

Exclusion criteria: patients had CF, immunodeficiency,
enzymatic deficiency, congenital disease,
hypersensitivity or bacterial resistance to b-lactams or
aminoglycosides, or had kidney failure

Tobramycin
100 mg +

Ceftazidime
1000 mg via a jet
nebuliser, twice
daily, 12 months

(n58)

Symptomatic
treatment with

oxygen,
bronchodilators

and
corticosteroids

(n59)

Randomised,
open-label,

controlled trial

Microbiological study (bacterial
eradication) of sputum,
hospitalisation, use of
antibiotic, PFT, adverse
events, emergence of
bacterial resistance

SERISIER 2013,
sponsored by
Aradigm Corp.
[33]

Australia, New
Zealand

Inclusion criteria: adult patients had clinically stable
bronchiectasis diagnosed by CT, PA airway infection,
and had o2 exacerbations requiring antibiotic therapy
in the preceding 12 months

Exclusion criteria: patients had CF, ABPA, or pulmonary
non-TB mycobacterial infection

DRCFI (liposomal
ciprofloxacin

150 mg + free
ciprofloxacin

60 mg) via PARI
LC sprint

nebuliser, once
daily, three

treatment cycles
of 28 days ‘‘on’’
inhaled therapy,

28 days ‘‘off’’
(n520)

Matched placebo
(liposomal 15 mg

or 0.9% saline)
via PARI LC

sprint nebuliser,
once daily, three
treatment cycles
of 28 days ‘‘on’’
inhaled therapy,

28 days ‘‘off’’
(n522)

International,
multicentre,

RDBPCT

Primary: mean change in sputum
PA density (log10 CFU?g-1)
from baseline to day 28

Secondary: eradication of PA in
sputum, acute exacerbation,
PFT, 6MWT, SGRQ, adverse
events and tolerability,
emergence of bacterial
resistance

TABERNERO 2014,
no sponsor
[28]

Spain Inclusion criteria: adult patients had non-CF
bronchiectasis diagnosed by HRCT, had chronic PA
airway infection after an acute exacerbation admission
and appropriate antimicrobial therapy

Exclusion criteria: not stated

Colistin
1 million IU via a
nebuliser, twice

daily, 1 year
(n520)

Conventional
therapy, 1 year

(n519)

Randomised,
open-label,

controlled trial

Primary: need for hospital
readmissions

Secondary: sputum microbiology,
clinical symptoms, PFT,
adverse events
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95% CI -2.07– -0.73; ciprofloxacin, two trials with 122 patients, WMD -3.52, 95% CI -4.64– -2.40;

Chi-squared510.14, degrees of freedom52, p50.006), but not between different bacteria (P. aeruginosa,

four trials with 217 patients, WMD -2.48, 95% CI -4.46– -0.51; any bacterial pathogen, one trial with 85

patients, WMD -3.35, 95% CI -4.61– -2.09; Chi-squared50.53, degrees of freedom51, p50.47). Among

two trials on 160 patients, which were not included in the meta-analysis, one trial on 65 patients [31]

showed a lower median (IQR) sputum bacterial load in the gentamicin group compared with the placebo

group at the end of the 12-month treatment (2.96 (1.0–5.9) versus 7.67 (7.34–8.17) log10 CFU?g-1,

p,0.0001). Another unpublished trial [24, 25] on 95 patients also reported a greater reduction in sputum P.

aeruginosa density from baseline to the end of 28-day treatment in both ciprofloxacin 100 mg and 200 mg

groups compared to the placebo group (-3.84, -2.94 and 0.437 log10 CFU?g-1, respectively; p,0.001).

Study Country Participants Intervention Control Study design Outcomes

TR02-107, 2009,
sponsored by
Insmed Inc.
[26, 27]

Bulgaria,
Greece,

Hungary, India,
Serbia, Ukraine

Inclusion criteria: adult patients (o18 years) had non-CF
bronchiectasis diagnosed by HRCT, had chronic PA
airway infection, had SaO2 o90% while breathing room
air, and were able to produce o0.5 g sputum

Exclusion criteria: patients had CF, ABPA, aspiration of
foreign body, pulmonary TB or non-TB mycobacterial
infection, history of lung transplantation, FEV1 ,50%
predicated, use of any type of antibiotics within 4 weeks
prior to the study, evidence of biliary cirrhosis with
portal hypertension

Arikace
(liposomal

amikacin) 280 mg
or 560 mg, via an
eFlow nebuliser,

once daily,
28 days (n544)

Matched
placebo

(liposomes in
1.5% saline) via

an eFlow
nebuliser, once
daily, 28 days

(n520)

International,
multicentre,

RDBPCT

Primary: adverse events
Secondary: mean change in

sputum PA density, acute
exacerbation, hospitalisation,
PFT, SGRQ

WILSON 2013,
sponsored by
Bayer Pharma
AG [11]

Australia,
Germany, Spain,

Sweden, UK,
USA

Inclusion criteria: adult patients (o18 years) had non-CF
bronchiectasis diagnosed by HRCT, had o2
exacerbations requiring systemic antibiotics or o1
hospitalisation for intravenous antibiotics in the previous
12 months, had stable disease in the preceding 30 days,
and were able to produce sputum (o5 mL) that was
culture positive for potential respiratory pathogens

Exclusion criteria: patients had active non-TB
mycobacterial infection, recent significant haemoptysis,
use of nebulised antibiotics as maintenance treatment,
or use of systemic antibiotics for exacerbation within
4 weeks before randomisation

Ciprofloxacin
32.5 mg via dry

powder for
inhalation, twice

daily, 28 days
(n560)

Matching
placebo via dry

powder for
inhalation, twice

daily, 28 days
(n564)

International
multicentre,

RDBPCT

Primary: mean change in sputum
bacterial load (log10 CFU?g-1)
from baseline to day 28

Secondary: acute exacerbation,
hospitalisation, sputum
analysis (bacterial eradication,
volume, colour), PFT, markers
of systemic inflammation,
SGRQ, adverse events,
emergence of bacterial
resistance

CF: cystic fibrosis; HRCT: high-resolution computed tomography; TB: tuberculosis; RDBPCT: randomised, double-blind, placebo-controlled trial; QoL-B: quality of life-bronchiectasis; CT:
computed tomography; PA: Pseudomonas aeruginosa; ABPA: allergic bronchopulmonary aspergillosis; PFT: pulmonary function test; SGRQ: St George’s Respiratory Questionnaire; FEV1: forced
expiratory volume in 1 s; COPD: chronic obstructive pulmonary disease; MPO: myeloperoxidase; LCQ: Leicester Cough Questionnaire; DRCFI: dual release ciprofloxacin for inhalation; 6MWT: 6-min
walk test; SaO2: arterial oxygen saturation.

TABLE 1 Continued

Study

BARKER [9] and COUCH [20] Tobramycin 4 weeks PA -4.56 (-5.44– -3.68) 21.05

-1.40 (-2.07– -0.73)HAWORTH [30] Colistin 4 weeks PA

Ciprofloxacin 4 weeks PA

Amikacin 4 weeks PA

Ciprofloxacin 4 weeks Any

21.55

-4.12 (-6.54– -1.70)SERISIER [33] 15.53

-0.38 (-0.82–0.06) 21.96

-3.35 (-4.61– -2.09) 19.91

-2.65 (-4.38– -0.92)

TR02-107 [26, 27]

WILSON [11]

Overall (I2=95.2%, p<0.001)

Test for overall effect Z=3.0 (p=0.003)

Note: weights are from random effects analysis

100.00

Antibiotics Duration Bacteria WMD (95% CI) Weight %

-5

Favours 

antibiotics

Favours 

controls

0 1

FIGURE 2 Effects of inhaled antibiotics on reduction of sputum bacterial load (log10 CFU?g-1). WMD: weighted mean
difference; PA: Pseudomonas aeruginosa.
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Six trials [9, 11, 29, 31–33] compared bacterial eradication rate between the inhaled antibiotic group and the

control group. The meta-analysis of six trials with a total of 315 patients showed that inhaled antibiotics

were associated with a four-fold higher chance of achieving bacterial eradication from sputum (risk

ratio 4.2, 95% CI 1.62–10.64; p50.003, I2551%) (fig. 3). NNT was three. Subgroup analysis showed

no statistically significant difference in achieving bacterial eradication between types of antibiotics

(aminoglycosides versus ciprofloxacin: Chi-squared50.05, degrees of freedom51; p50.82) and types of

bacteria in sputum (P. aeruginosa versus any bacterial pathogen: Chi-squared50.55, degrees of freedom51;

p50.46).

Clinical outcomes
Five trials [11, 26, 27, 30, 31, 33] reported the number of patients experiencing at least one acute

exacerbation. The meta-analysis of five trials with a total of 406 patients showed that inhaled antibiotics

significantly reduced the risk of acute exacerbations compared with controls (risk ratio 0.72, 95% CI

0.55–0.94; p50.02, I2534.7%) (online supplementary fig. S1). NNT was five. Four trials [21–23, 29–31]

compared time to first exacerbation between treatment groups, but we obtained the data from only two of

these trials. One trial [30] on 144 patients used time to first exacerbation as the primary efficacy outcome.

ITT analysis did not show a statistically significant difference in median time to first exacerbation between

the colistin and placebo groups (165 versus 111 days, p50.11); however, the secondary analysis in patients

taking o81% of prescribed doses (n5106) yielded a positive result (168 versus 103 days, p50.038). In

another trial [31] on 65 patients, median (IQR) time to first exacerbation was 120 (87–161.5) days in the

gentamicin group compared with 61.5 (20.7–122.7) days in the placebo group (p50.02). One trial on 60

patients [29] reported the number of exacerbations per patient during a 6-month treatment period and did

not find a statistically significant difference between the tobramycin and placebo groups.

Four trials [9, 11, 26, 27, 32] reported the effects of inhaled antibiotics on reduction of risk of unscheduled

hospitalisations. The meta-analysis of four trials with a total of 275 patients did not show a statistically

significant difference in the incidence of hospitalisation between the antibiotic group (nine out of 147,

6.1%) and the control group (14 out of 128, 10.9%) (risk ratio 0.59, 95% CI 0.14–2.51, p50.48). NNT was

21. Two trials [29, 32] compared the number of hospitalisations and number of days spent in hospital per

patient between the antibiotic and control groups. The meta-analysis of these two trials with a total of 77

patients showed that inhaled antibiotics significantly reduced the number of hospitalisations per patient

Study

BARKER [9] and COUCH [20] Tobramycin 4 weeks PA 25.58 (1.58– 414.63) 8.69

1.00 (0.29–3.45)DROBNIC [29] Tobramycin 6 months PA

Ciprofloxacin 4 weeks PA

Ceftazidime +

tobramycin

12 months PA
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1.13 (0.03–50.41) 5.24

4.29 (1.53–12.01) 25.38

4.15 (1.62–10.64)
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FIGURE 3 Effects of inhaled antibiotics on bacterial eradication from sputum. PA: Pseudomonas aeruginosa.
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(WMD -0.61, 95% CI -1.04– -0.18; p50.006) and the number of days spent in hospital per patient (WMD

-10.8 days, 95% CI -18.8– -2.81 days; p50.008).

One trial with 74 patients [9] reported clinical response to treatment, showing that 62% of patients treated

with nebulised tobramycin for 4 weeks had investigator-assessed clinical improvement compared with 38%

of placebo patients (OR 2.7, 95% CI 1.1–6.9).

Markers of airways and systemic inflammation
One trial with 65 patients [31] reported sputum myeloperoxidase (MPO) and free elastase levels, and

showed that patients treated with nebulised gentamicin for 12 months had significantly lower sputum MPO

and free elastase levels compared with patients receiving 0.9% saline. Three trials [11, 29, 31] reported

markers of systemic inflammation such as C-reactive protein and erythrocyte sedimentation rate, but the

data were not suitable for meta-analysis. None of these trials found a statistically significant difference

between the inhaled antibiotic and control groups.

Pulmonary function tests
Nine trials [9, 11, 24–27, 29–33] reported mean change from baseline in forced expiratory volume in 1 s

(FEV1) % predicted and we obtained suitable data from all but one of these trials [24, 25] for pooling of the

results. The meta-analysis of eight trials with 558 patients showed a small, but statistically significant,

difference in mean change in FEV1 % pred in favour of the control group (WMD -0.66%, 95% CI

-1.13– -0.29%; p50.005, I2590.7%).

Health-related quality of life scores
Nine trials [11, 21–27, 29–31, 33] reported health-related quality of life scores. Five trials [11, 26, 27, 29–31]

used the St George’s Respiratory Questionnaire (SGRQ), which consists of 76 items rated on a scale 0–100,

divided into three domains: respiratory symptoms, activities, and social and psychological impact. A higher

score indicates a poorer quality of life. One trial [33] used both the SGRQ and Leicester Cough

Questionnaire (LCQ), which is a 19-item self-completed quality of life measure of chronic cough validated

for use in bronchiectasis. Two trials [21–23] used a new, disease-specific tool, the Quality of Life-

Bronchiectasis (QoL-B). The data from five trials with a total of 407 patients that used SGRQ were suitable

for the meta-analysis, showing no statistically significant difference between the inhaled antibiotic and

control groups in terms of improvement in SGRQ scores (WMD -1.49, 95% CI -5.79–2.80; p50.50,

I2575.8%). In contrast, one trial with 65 patients [31] showed that 87.5% of patients treated with nebulised

gentamicin for 12 months had an improvement in SGRQ scores of o4 compared with 19.2% in the placebo

group (p,0.004). Similar results were obtained when the LCQ was used for measuring quality of life. Two

trials [21–23] used mean change in QoL-B from baseline to day 28 as the primary efficacy outcome. One

trial (AIR-BX2), but not the other (AIR-BX1), showed that patients treated with aztreonam had a

statistically significant improvement in QoL-B (p50.011) compared with the placebo group, although the

magnitude of change was less than the predefined minimal important difference (online supplementary

table S1).

Safety of inhaled antibiotics
The safety outcomes included adverse events, drug toxicity, tolerability and emergence of bacterial

resistance. Eight trials [9, 11, 26, 27, 29–33] contributed data to the meta-analysis of at least one safety

outcome. The safety data of four unpublished trials [21–25, 28] are summarised in online supplementary

table S1.

Adverse events
Table 2 shows the comparison of adverse events between the inhaled antibiotic and control groups. A total

of 11 patients died during the treatment period, of whom seven were from the inhaled antibiotic group and

four from the control group (eight trials with 590 patients; risk ratio 1.28, 95% CI 0.44–3.71; p50.65,

I250%). One trial with 60 patients [29] reported five deaths due to respiratory failure: four between 2 and

3 months of tobramycin treatment, and one in the second month of the placebo period. These patients had

worse baseline pulmonary function compared with the remaining surviving patients. One trial on 144

patients [30] reported three deaths (one from the colistin group and two from the placebo group), which

were all considered unlikely to be related to the study drug. Another trial with 65 patients [31] reported two

deaths from the gentamicin group: one patient died from previously undiagnosed metastatic colorectal

cancer at 3 months and another died from myocardial infarction at 5 months. The most common adverse

event was bronchospasm, which occurred in 10% of patients treated with inhaled antibiotics and 2.3% in

the control group (seven trials with 526 patients; risk ratio 2.96, 95% CI 1.30–6.73; p50.01, I250%). NNH

was 13. The subgroup analysis showed that inhaled aminoglycosides significantly increased the risk of
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bronchospasm (four trials with 216 patients; risk ratio 4.78, 95% CI 1.55–14.76, p50.007; NNH 7), while

inhaled ciprofloxacin and colistin were not significantly associated with the occurrence of this adverse event

(ciprofloxacin, two trials with 166 patients, risk ratio 1.07, 95% CI 0.25–4.56, p50.93; colistin, one trial

with 144 patients, risk ratio 4.86, 95% CI 0.58–40.59, p50.14). There were no significant differences

between the inhaled antibiotic and control groups in terms of withdrawal rate due to adverse events and

other respiratory complaints such as cough and haemoptysis (table 2). All but one [26, 27] of the five trials

[9, 26, 27, 29, 31, 32] using inhaled aminoglycosides reported nephrotoxic and/or ototoxic effects of these

drugs, and none of them detected any significant toxicity. One [11] of the three trials [11, 24, 25, 33] using

ciprofloxacin reported liver and renal function tests and found no significant changes.

Emergence of bacterial resistance
Seven trials [9, 11, 29–33] reported the rate of emergence of bacterial resistance (number of isolates

classified as resistant to the antibiotics/total number of isolates from sputum samples) in the inhaled

antibiotic and control groups, but different methods were used for antibiotic susceptibility testing. The

meta-analysis of seven trials with a total of 445 patients did not show a statistically significant difference

in the incidence of emergence of bacterial resistance between the inhaled antibiotic group (17/217, 7.8%)

and the control group (8/228, 3.5%) (risk ratio 1.68, 95% CI 0.62–4.52; p50.31, I2515.7%) (online

supplementary fig. S2).

Discussion
This systematic review of 12 randomised trials involving 1264 participants and meta-analysis of eight trials

with 590 participants shows that in adult patients with clinically stable non-CF bronchiectasis and chronic

bronchial infection, inhaled antibiotics are more effective than placebo or symptomatic treatment in

reducing sputum bacterial load, eradicating the bacteria from sputum and reducing the risk of acute

exacerbations. However, this review did not find a significant benefit of inhaled antibiotics in reducing the

risk of unscheduled hospitalisations or in improving health-related quality of life. Moreover, use of inhaled

antibiotics is associated with a small, but statistically significant, reduction in FEV1 % pred.

The rationale for using inhaled antibiotics is the same as that for other inhaled therapies in many other lung

diseases, that is, to deliver a relatively high dose of drugs directly to the site of disease with a reduced

systemic absorption and toxicity [34]. Inhaled antibiotics have been widely used in CF patients since the

early 1990s. A recently updated Cochrane systematic review of 19 randomised trials with 1724 CF patients

showed that use of inhaled antibiotics for o4 weeks improved lung function and reduced exacerbation rate.

However, microbiological efficacy of these drugs was not reported [35].

This systematic review shows that 4-week treatment with inhaled antibiotics resulted in an approximately

1000-fold (2.65 log10 CFU?g-1) reduction in sputum bacterial load compared with placebo in adult patients

with stable non-CF bronchiectasis and chronic bronchial infection. Moreover, inhaled antibiotics are four

times more likely than placebo or symptomatic treatment to eradicate the bacteria from sputum in these

patients. The NNT is three, which means for every three patients receiving inhaled antibiotics instead of

placebo or symptomatic treatment, one additional patient will achieve bacterial eradication. Subgroup

analysis shows that ciprofloxacin is more effective than aminoglycosides and colistin in reducing sputum

bacterial density, but there is no statistically significant difference between different antibiotics in bacterial

eradication rate. Subgroup analysis shows similar microbiological efficacy of inhaled antibiotics against

P. aeruginosa and other bacterial pathogens. A significant reduction in sputum bacterial load was observed

TABLE 2 Adverse events of inhaled antibiotics in patients with non-cystic fibrosis bronchiectasis

Adverse events Events/patients Trials n Risk ratio (95% CI) p-value I2 %

Antibiotic group Control group

Death 7/304 (2.3) 4/286 (1.4) 8 1.28 (0.44–3.71) 0.65 0
Withdrawal due to

adverse events
37/304 (12.2) 35/286 (12.2) 8 1.00 (0.67–1.50) 0.99 0

Bronchospasm 26/260 (10.0) 6/266 (2.3) 7 2.96 (1.30–6.73) 0.01 0
Cough 15/97 (15.5) 14/101 (13.9) 2 0.54 (0.03–0.52) 0.69 76.3
Haemoptysis 6/97 (6.2) 5/101 (4.9) 2 1.26 (0.39–4.01) 0.70 0

Data are presented as n/N (%), unless otherwise stated.
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within a few days after treatment with inhaled antibiotics [9, 11, 19]; however, bacterial regrowth occurred

and sputum bacterial density returned to baseline levels between 2 weeks and 3 months after cessation of

treatment [9, 11, 29, 31, 33].

This systematic review demonstrates some clinical benefits of inhaled antibiotics in adult patients with

stable non-CF bronchiectasis. Inhaled antibiotics reduced the risk of having at least one acute exacerbation

by 28%. The NNT is five, which means that five patients need to be treated with inhaled antibiotics to

prevent one additional exacerbation. Other potential clinical benefits of inhaled antibiotics include

subjective clinical improvement, and reduction in number of hospitalisations and number of days spent in

hospital per patient. However, this review did not find a statistically significant effect of inhaled antibiotics

in reducing the risk of unscheduled hospitalisations and in improving health-related quality of life score.

Moreover, use of inhaled antibiotics resulted in a small, but statistically significant, reduction in FEV1 %

pred. However, a reduction of 0.66% in FEV1 % pred may not be clinically relevant.

This systematic review suggests that inhaled antibiotics have an acceptable safety profile. Bronchospasm was

the most common adverse event, occurring in 10% of patients treated with inhaled antibiotics compared

with 2.3% in the control group. Patients treated with inhaled aminoglycosides were almost five times more

likely to have bronchospasm than those treated with placebo or symptomatic therapy with an NNH of

seven, while inhaled ciprofloxacin and colistin did not significantly increase the risk of bronchospasm

compared with the control group. Adverse events were generally tolerable because the withdrawal rate due

to adverse events was the same in both the inhaled antibiotic and control groups. We found that patients in

the inhaled antibiotic group had a statistically nonsignificant higher risk of death compared with the control

group (risk ratio 1.28, 95% CI 0.44–3.71); however, there seems to be no causal relationship between 11

deaths and the use of inhaled antibiotics. Five (45.5%) out of 11 deaths occurred in one trial between 2 and

3 months of treatment [29], and all five patients who died from respiratory failure had lower baseline

pulmonary function. No significant nephrotoxic and/or ototoxic effects related to use of inhaled

aminoglycosides were observed in the included trials.

Emergence of bacterial resistance is a major concern for any antibiotic therapy, particularly when used as a

maintenance treatment. In 445 patients from seven trials, the incidence of emergence of bacterial resistance

was 7.8% in the inhaled antibiotic group compared with 3.5% in the control group, but this difference was

not statistically significant.

Limitations should be considered when interpreting the results of this systematic review. High and

unbalanced withdrawal rates in the treatment groups and lack of information on random sequence

generation and allocation concealment in all but one of the 12 trials raise concerns about potential selection

bias and attributions bias. However, the small number of trials with low risk of bias made it impossible to

explore the impact of these potential biases on the results of the meta-analysis. This review may have

insufficient power to detect the difference in the risk of unscheduled hospitalisations between treatment

groups. The results of this review may not be extrapolated directly to paediatric patients because all 12 trials

included in this review only involved adult patients. Non-CF bronchiectasis is a heterogeneous disorder

with a variety of aetiologies, including immune deficiency, Mycobacterium tuberculosis or nontuberculous

mycobacterial infections, hypersensitivity (allergic bronchopulmonary aspergillosis), aspiration of foreign

bodies and systematic inflammatory conditions [36]. However, eight trials in this review excluded patients

with one or more of the aforementioned conditions. The exclusion of such patients may limit the

representativity of the study samples and, consequently, the generalisability of findings in this review.

Publication bias is a major concern in all systematic reviews given that the trials reporting positive findings

are more likely to be published [10, 37]. A systematic review that only includes published studies may

identify a spurious beneficial intervention effect [10]. In this review, we identified five unpublished trials, of

which one contributed data to the meta-analysis. In the remaining four unpublished trials with 674 patients,

only one used mean change from baseline in sputum bacterial load as the efficacy outcome and showed

results similar to those identified by this review. Therefore, non-inclusion of four unpublished trials in the

meta-analysis may not affect significantly the results of the primary efficacy outcome, mean change from

baseline in sputum bacterial load. However, it is very likely that non-inclusion of these unpublished studies,

especially three large trials [21–25], could substantially affect the results of the secondary outcomes such as

acute exacerbations, changes in quality of life scores and safety end-points.

In conclusion, this systematic review suggests that in adult patients with clinically stable non-CF

bronchiectasis and chronic bronchial infection, inhaled antibiotics may have microbiological and clinical

benefits in reducing sputum bacterial load, eradicating bacteria from sputum and preventing acute

exacerbations. Inhaled antibiotics may provide an effective suppressive antibiotic therapy with an acceptable

safety profile in these patients. However, further multicentre randomised trials are still needed to better define

the optimal regime and duration of treatment (long-term maintenance therapy or repeated short-term
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therapy), and to compare the effectiveness and safety of different inhaled antibiotics and between

inhaled and systemic antibiotics. Further studies should include paediatric patients given that non-CF

bronchiectasis remains one of the most important chronic lung diseases in the paediatric population,

especially in developing countries.
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