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Introduction
Non-cystic fibrosis (CF) bronchiectasis (NCFB) is a 
chronic airway disease characterized by irreversible 
dilatation of bronchi and bronchioles, which results 
in daily symptoms such as productive cough, dysp-
noea, and hemoptysis. The vicious cycle concept of 
bronchiectasis argues that chronic bronchial infec-
tion stimulates and sustains airway inflammation, 
and that the progressive structural lung damage 
leads to recurrent exacerbation, pulmonary function 
decline, worse quality of life, and mortality.1–3 
Chalmers et  al. have demonstrated that long-term 
antibiotic therapy helps reduce airways inflammation, 

likewise the risk of exacerbation, and thereby has a 
positive impact on prognosis.4

Inhalation of antibiotics allows the drug to reach 
a therapeutic deposition rate in the distal airways, 
more effectively, locally, and safely than oral or 
intravenous administration. In contrast to CF, 
where guideline recommends the use of sputum 
culture surveillance and the evidence base for 
suppressive antibiotic therapy is strong, there is 
no such standard recommendation in NCFB. 
Although Orriols et al. suggested that early eradi-
cation therapy of Pseudomonas aeruginosa in 
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NCFB had a notable clinical impact,5 previous 
review cast doubt on whether inhaling antibiotics 
should be recommended since it may induce bac-
terial drug resistance. Furthermore, Baker et  al. 
failed to find any significant improvement in 
health-outcome measured by quality of life-bron-
chiectasis respiratory symptoms domain score 
(QoL-B-RSS) but emphasized the accompanying 
higher incidence of treatment-related adverse 
events in their study.6

The latest meta-analysis of a similar topic was last 
published in 2015.7 Given that several large-scale, 
multi-center, high-quality randomized controlled 
trials (RCTs) have been published in the past 
5 years and many remained questions to be 
addressed, we conducted this meta-analysis to re-
evaluate the efficacy and safety of inhaled antibi-
otics in patients with NCFB in the stable phase.

Materials and methods

Data sources and search strategy
We searched RCTs identified and published 
through PubMed, EMBASE, and the Cochrane 
Central Register of Controlled Trials from their 
inception until November 2019. The search strat-
egy used was as follows: (inhaled OR inhalation 
OR nebulized OR aerosolized) AND (non-cystic 
fibrosis bronchiectasis OR NCFB). There was no 
restriction on language of publication. We also 
checked reference lists of all primary studies and 
review articles for additional relevant trials.

Study selection
Inclusion criteria were as follows: (i) randomized 
controlled trial; (ii) adult (⩾18 years old) patients 
with NCFB diagnosed by bronchography or com-
puted tomography (CT), high resolution CT 
(HRCT), and in a stable clinical condition; (iii) 
antibiotics administered via nebulizer for ⩾4 weeks, 
compared with placebo or other interventions; (iv) 
outcomes including at least one of the following 
measures: sputum microbiological analysis (bacte-
rial load, eradication, and resistance of P. aerugi-
nosa), acute exacerbations, pulmonary function test 
[mainly predicted forced expiratory volume in 1 s 
(FEV1% pred)], health-related quality of life 
[HRQoL; measured by quality of life-bronchiecta-
sis (QoL-B), St. George’s respiratory questionnaire 
(SGRQ), Leicester cough questionnaire (LCQ), 
6-min walk test (6MWT)], and adverse events.

Exclusion criteria stipulated no inclusion if patient was 
diagnosed with CF bronchiectasis or other chronic pul-
monary disease, or patient with NCFB at acute attack.

Quality assessment of included studies
Review Manager software (version 5.2) was used to 
assess the validity of the RCTs according to the rec-
ommendations of the Cochrane Collaboration.8 
Seven aspects of bias risk assessment were included, 
as follows: (i) random sequence generation (selec-
tion bias); (ii) allocation concealment (selection 
bias); (iii) blinding of participants and personnel 
(performance bias); (iv) blinding of outcome assess-
ment (detection bias); (v) incomplete outcome data 
(attrition bias); (vi) selective reporting (reporting 
bias); and (vii) other bias, each of the components 
was classified as “yes”, “unclear” or “no”, which 
represent “low risk of bias”, “uncertain of bias” and 
“high risk of bias”, respectively.

Statistical analysis
We performed meta-analysis using available data 
from the primary studies with STATA version 12.0 
(StataCorp LLC, College Station, TX, USA). 
Standard mean difference (SMD) was used to 
describe continuous data, whereas risk ratios (RR) 
and incidence rate ratio (IRR) were for dichoto-
mous data. For median time to the first protocol 
exacerbation, we used Cox proportional hazards 
model and described hazard risk (HR); 95% confi-
dence interval (CI) was used as the metrics of effect 
size (ES). Safety was evaluated under intent-to-
treat (ITT) conditions. Results were analyzed by 
random-effects model and presented in a forest 
plot. The I2 statistic (ranges from 0% to 100%) was 
used to measures the heterogeneity among studies 
in each analysis, with values of 25%, 50%, and 
75% corresponding to degrees of low, moderate, 
and high heterogeneity, respectively.

Quality and heterogeneity evaluation of included 
studies according to the Risk of Bias criteria in the 
Cochrane Handbook and I2 statistic, respectively. 
Publication bias was assessed with Egger’s test 
and funnel plot, if existing; further sensitivity 
analysis was conducted to probe the influence 
factor (number of included RCTs ⩾10). Data 
were analyzed by STATA 12.0.

We also performed subgroup analysis based on 
different type of antibiotics and treatment courses 
to investigate effects on professional level. The 

https://journals.sagepub.com/home/tar


M-J Xu and B Dai

journals.sagepub.com/home/tar	 3

p-value interaction between groups was corrected 
by Bonferroni-correction.

Two investigators independently extracted data 
and assessed the validity of included studies. The 
definitive inclusion of trials was made after 
reviewing the full text of the articles, including 
publication date, study location, design, drug 
dose and course, and outcomes. Discrepancies 
were resolved by consensus.

Results

Search results and study selection
The initial search identified 371 potentially relevant 
studies on Pubmed, Embase, Web of Science, and 
Cochrane library databases. After screening the titles 
and abstracts and reading the full-text articles, 16 
articles were finally included in our meta-analysis. 
One trial was reported both by Barker et al. in 2000 
and Couch et al. in 2001, so this trial was labeled as 
Barker/Couch.9,10 Three articles each containing 
two trials respectively were labeled by ① or ② after 
their name.11–13 As a result, 16 studies contributing 
data to this meta-analysis were included. The screen-
ing process is shown in Figure 1.

Eligible studies and characteristics
The characteristics of included studies are summa-
rized in Table 1. A total of 16 studies containing 17 
trials published between 1999 and November 2019 
with 2748 patients were included in this meta-anal-
ysis.4–6,9,11–22 Patients received inhaled therapy with 
either antibiotics or placebo. The treatment course 
ranged from 4 weeks to 52 weeks.

Quality assessment of included studies
Review Manager software was used to assess the 
quality of the RCTs; details are presented in 
Figure 2.

Outcomes
Efficacy analysis
Sputum bacteriology

i)  Sputum bacterial load

A total of 11 trials of eight studies with a total of 
1625 patients provided suitable data about change 
in sputum bacterial load (log10 CFU g–1).6,9,11,13,16–19 

Pooled results showed a statistically significant 
reduction in sputum bacterial density over the con-
trol group (SMD = –0.74, 95% CI: –1.16–0.32, 
p < 0.001, I2 = 68.1%) (Figure 3). Subgroup analy-
sis showed inhaled Ciprofloxacin (SMD = –1.35, 
95% CI: –1.85–0.85, I2 = 63.4%, Bonferroni-
adjusted p-value =0.042) was more effective than 
aminoglycosides, aztreonam, or colistin in reducing 
sputum bacterial density (Figure S1), but different 
courses did not (Figure S2).

ii)  Eradication of P. aeruginosa in sputum

A total of 15 trials in 12 studies containing 2345 
patients showed that there was no significant dif-
ference in sputum P. aeruginosa eradication rate 
after inhaling antibiotics between two groups 
(RR = 1.3, 95% CI: 1.00–1.68, p = 0.054, 
I2 = 53.0%) (Figure 4).4–6,9,14–22 Egger’s test sug-
gested that publication bias existed (p = 0.008) 
(Figure 5).

Symptomatology.  During the trials, 2914 
patients experienced at least one acute attack, 
and 4 trials reported frequency of exacerbations; 
pooled analysis showed inhaled antibiotic therapy 
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Figure 1.  Flow diagrams of study selection (PRISMA).
CF, cystic fibrosis; PRISMA, preferred reporting items for systematic reviews and 
meta-analyses.
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reduced the risk of exacerbations (IRR = 0.74, 
95% CI 0.63–0.87, p < 0.001, I2 = 20.5%) (Fig-
ure 6).13,21,22 In addition, we observed a notably 
prolonged median time of first exacerbation (HR 
0.73, 95% CI 0.57–0.93, I2 =53.6%) (Figure 7).

Pulmonary function test. The meta-analysis of 
1569 patients showed a small, but not statistically 
significant, difference in mean change in FEV1% 
pred in favor of the control group (SMD 0.34%, 
95% CI –0.14–0.81%, p = 0.168, I2 = 94.3%) (Fig-
ure 8).5,9,11,14–22

Figure 2.  Summary of the quality assessment of the included studies according to the risk of bias table in 
Review Manager software. Low, unclear, high are represent ‘low risk of bias’, ‘uncertain of bias’ and ‘high risk 
of bias’, respectively.

Figure 3.  Effects of inhaled antibiotics on reduction of sputum bacterial load (log10 CFU g–1).
CFU, colony forming unit; CI, confidence interval; SMD, standard mean difference.
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HRQoL scores.  A total of 10 studies containing 
14 trials used various outcome-specific quality of 
life scales, with the most common reported indi-
ces being SGRQ scores,5,11,15,17–19,21,22 and QoL-B 
scores6,21,22; 1 trial used the 6MWT,4 and 1 trial 
used both the SGRQ and LCQ scores.16

We failed to see significant improvement of either 
QoL-B (SMD 0.72, 95% CI –0.12–1.56, 
p = 0.053, I2 = 98.2%) (Figure 9) or SGRQ (SMD 
–0.17, 95% CI –0.38–0.04; p = 0.114, I2 = 67%) 
scores (Figure 10).

Emergence of bacterial resistance.  Nine trials 
observed emergence of bacterial resistance by dif-
ferent antibiotic susceptibility testing after inhaled 
therapy.6,9,13–15,17,18,21,22 Pooled analysis showed 
inhaling antibiotics induced higher risk of P. aerugi-
nosa resistance compared with the control group 
(RR 1.88, 95% CI: 1.46–2.42, p < 0.001, I2 = 0.0%) 
(Figure 11).

Safety analysis.  A total of 14 trials reported at 
least one safety outcome measured by tolerability, 
toxicity, and adverse events. Subgroup analysis 
listed below for common side effects (Table 2) 
demonstrated that incidence of cough was simi-
larly higher in patients of both groups than other 
events (RR 0.89, 95% CI 0.66–1.19; p = 0.907, 
I2 = 15.1%): 23.7% in the antibiotics group and 
17.0% in the control group. Five studies with 951 
patients experienced change in taste after inhaled 
treatment, and the risk of dysgeusia was higher in 
the antibiotics group compared with the control 
group (RR 3.21, 95% CI 1.22–8.43; p = 0.018, 
I2 = 37.8%).11,16–18,20,21 No significant differences 
were found between two groups of other adverse 
events, but tobramycin-treated patients reported 
more dyspnoea than other groups.5,9,14,15 All but 
three trials11,14,18 reported nephrotoxic and/or 
ototoxic effects; however, those clinical indexes 
still remained within the normal range.

Discussion
The conclusions were basically consistent with 
the review published in 201723: inhaled antibiotic 
treatment can effectively reduce sputum load in 
patients with stable NCFB. Subgroup analysis 
suggested that the effect of Ciprofloxacin is more 
significant, but the length of treatment course 
does not affect the reduction of sputum load. In 
addition, time to first exacerbation was delayed 
and frequency of exacerbation was reduced. 

Although inhaled treatment increased the risk of 
dysgeusia, patients are still tolerant of these side 
effects without ototoxicity and/or renal toxicity. 
However, pulmonary function and HRQoL 
(measured by SGRQ and QoL-B scores) did not 
achieve corresponding improvement, and the risk 
of resistant P. aeruginosa was likely to be increased 
by treatment, thus failing to improve bacterial 
eradication.

Subgroup analysis showed that Ciprofloxacin was 
more effective in reducing sputum load than other 
types of antibiotics, which is presumably due to its 
special pharmacokinetics (PK)/pharmacodynam-
ics (PD). Ciprofloxacin has the strongest anti-P. 

Figure 4.  Effects of inhaled antibiotics on Pseudomonas aeruginosa 
eradication from sputum.
CI, confidence interval; RR, risk ratio.

Figure 5.  Egger’s publication bias plot of eradication 
of Pseudomonas aeruginosa in sputum.
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Figure 6.  Effects of inhaled antibiotics on frequency of exacerbations.
CI, confidence interval; IRR, incidence rate ratio.

Figure 7.  Effects of inhaled antibiotics on median time of the first exacerbation.
CI, confidence interval; HR, hazard risk.
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Figure 8.  Effects of inhaled antibiotics on change in FEV1% pred.
CI, confidence interval; FEV1% pred, predicted forced expiratory volume in 1 s; SMD, standard mean difference.

Figure 9.  Effects of inhaled antibiotics on change in QoL-B scores.
CI, confidence interval; QoL-B, quality of life-bronchiectasis; SMD, standard mean difference.
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Figure 10.  Effects of inhaled antibiotics on change in SGRQ scores.
CI, confidence interval; SGRQ, St George’s respiratory questionnaire; SMD, standard mean difference.

Figure 11.  Effects of inhaled antibiotics on emergence of Pseudomonas aeruginosa resistance.
CI, confidence interval; RR, risk ratio.
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aeruginosa activity among fluoroquinolones, owing 
to its lower minimum inhibitory concentration 
(MIC) value of 0.5 mg/l compared with others. 
The concentration-dependent antibiotic realized a 
single dose to a higher peak drug concentration, 
which is more effective in reducing sputum bacte-
rial load. In vitro experiments proved that 
Ciprofloxacin has bactericidal activity against 
most pathogens in sputum cultures of patients 
with NCFB, even against penicillin-, cephalo-
sporin-, aminoglycoside- and tetracycline-resist-
ant strains.24

Commonly used atomizers include small-volume 
atomizers (SVN), pressurized metered-dose 
inhalers (pMDI), and dry powder inhalers (DPI). 
Different types of nebulizer, even different mod-
els of the same type of nebulizer, can make a great 
difference to efficiency. Earlier statistics showed 
as many as 60% of patients were incapable of 
using their own nebulizers, which made treat-
ment non-targeted.25–29 DPIs have advantages in 
such areas as large drug load, high deposition 
rate, and low irritation over other devices, with-
out considering the problem of patient synergy. 
Coincidentally, Ciprofloxacin was administrated 
in DPI formulation in all included studies, which 
led us to speculate that the choice of nebulizer 
device may be another reason for the better effi-
cacy of inhaled Ciprofloxacin.

P. aeruginosa is one of the most common multid-
rug-resistant (MDR) pathogens in the clinic. Our 

study also confirmed that inhaling treatment 
increased the risk of resistant strains to a certain 
extent. Gene mutation is one of the recognized 
complication mechanisms, allowing bacteria to 
change the target of antibacterial drugs. 
Unfortunately, long-term treatment may provided 
a sustained environment that allows for lateral 
gene exchange and increases the probability of 
resistance. In addition, the result of eradication of 
P. aeruginosa in sputum showed significant 
heterogeneity, and publication bias existed. 
Sensitivity analysis proved that the research of 
RESPTR II had a great impact on the robustness 
of the result.21 For these reasons, we considered 
that failure to improve the eradication rate can be 
attributed to bacterial resistance and publication 
bias in the RESPTR II trial.

To our knowledge, acute infective exacerbation is 
an important cause of death, which seriously 
affects the prognosis of patients. However, defini-
tion of “exacerbations” relied on clinical judg-
ment in early years, which may have directly 
affected the enrollment of subjects. Since 2014, 
diagnosis has been clear and specific on the basis 
of the internationally validated NCFB-specific 
predictive severity measure, the Bronchiectasis 
Severity Index (BSI).30 We were delighted to see 
a significant reduction in frequency of exacerba-
tion upon inhaled antibiotic treatment.13,16,21,22 
Especially, the ORBIT trials revealed that patients 
with frequent pulmonary exacerbations before 
study entry were more likely to benefit from 

Table 2.  Analysis of the common adverse events.

Adverse events Events/total Number of 
studies

Effect size Heterogeneity

  Antibiotics 
group

Control group RR (95% CI) p value I2 (%) p value

Cough 343/1447 (23.7) 208/1227 (17.0) 8 0.89 (0.66, 1.19) 0.907 15.1 0.536

Bronchospasm 58/1503 (3.9) 46/1310 (3.5) 10 1.11 (0.68, 1.82) 0.678 18.8 0.249

Aggravating 
bronchiectasis

116/1468 (7.9) 128/1250 (10.2) 9 0.89 (0.66, 1.19) 0.421 15.1 0.288

Headache 143/1407 (10.2) 91/1192 (7.6) 7 1.26 (0.92, 1.73) 0.157 25 0.198

Nausea 70/840 (8.3) 42/632 (6.6) 5 1.2 (0.83, 1.75) 0.335 0 0.689

Dysgeusia 41/478 (8.6) 10/473 (2.1) 5 3.21 (1.22, 8.43) 0.018* 37.8 0.154

*Significant difference compared with control.
CI, confidence interval; RR, risk ratio.
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treatment.13 In this regard, we propose that, for 
patients with long-term chronic infections and 
relapses, reducing the risk of acute attacks should 
be used as a reliable observation indicator to eval-
uate clinical effectiveness.

Our study confirmed that inhaled-antibiotic treat-
ment cannot improve pulmonary function and 
HRQoL according to FEV1% pred, SGRQ, and 
QoL-B scores, and similar results were obtained 
when measuring LCQ and 6MWT distance. We 
speculated that the fact that P. aeruginosa tends to 
colonize and invade elderly patients, causing 
severe and irreversible lung tissue damage ulti-
mately contributed to the lower-than-expected 
number of trials. Furthermore, it is unclear 
whether it is appropriate to assess the severity of 
the disease through pulmonary function since the 
incidence of airway obstruction in NCFB is lower 
than that in chronic obstructive pulmonary dis-
ease (COPD) or asthma. Given these reasons, 
rather than pursuing laboratory indexes, further 
research should focus more on improving 
HRQoL, as the former does not necessarily have 
an impact on morbidity and prognosis.

Safety analysis results showed there was no evi-
dence of higher risk of bronchospasm after inhaled 
therapy, which was inconsistent with previous 
conclusions. On the one hand, clinical studies 
focused mostly on inhalation of aminoglycoside 
antibiotics (mainly tobramycin and gentamicin) 
until 2014, which caused patients with a high 
chance of airway spasm of 21–40%, far exceeding 
other kinds of antibiotics. On the other hand, the 
multi-center, high-quality studies published in 
recent years showed that there was no risk of bron-
chospasm in patients using different types of anti-
biotics administered via DPI instead of jet 
nebulizer. Therefore, it is believed that the results 
could be attributed to improvements in research 
quality, the diversification of the types of antibiot-
ics used, and the development of nebulizer devices.

Limitations and prospects
Our study has some limitations. First, the time 
span of included studies is as long as 20 years, 
early small-sample clinical studies did not meet 
strict criteria of intentionality analysis (ITT), 
which may have an impact on the evaluation of 
prognostic related indicators; thence, the experi-
mental design needs to be improved from a statis-
tical perspective. Second, most patients showed a 

decrease in sputum bacterial load within a short 
period of time (about 4 weeks) after inhaled anti-
biotics treatment but load increased again during 
the withdrawal period. The change in bacterial 
resistance followed the same trend, which indi-
cated that the timeliness of drug action presents 
obstacles to the formulation of treatment courses. 
Finally, because of the insufficient data and 
unknown details about the use of nebulizer 
devices, we were unable to perform subgroup 
analysis of whether types of nebulizer device have 
an impact on the efficacy of inhaled therapy. It is 
certain, however, that drug delivery can be 
improved through the development of sustained-
release formulations, new inhaler technologies, 
and optimization of aerosol properties of DPI for-
mulations, in order to increase patient tolerance 
and to reduce economic burden.

Conclusion
The British Thoracic Society (BTS) has stated 
that management of bronchiectasis should aim to 
reduce symptoms, decline exacerbations, and 
prevent pulmonary function from deteriorating to 
improve QoL. Our meta-analysis offers a real 
therapeutic option for patients with stable NCFB: 
inhaled antibiotics therapy can effectively reduce 
the sputum bacterial load and the risk of acute 
attack and delay disease progression, with good 
tolerance, no nephrotoxic, and/or ototoxic effects. 
However, treatment fails to increase the eradica-
tion rate of P. aeruginosa due to drug resistance 
during medication, nor has any effect on HRQoL.

Although the most effective treatment has yet to 
be determined, reducing bacterial load seems 
more likely using strategies with nebulizing anti-
biotics. However, the absence of universally 
accepted endpoints has been a major obstacle in 
the development of inhaled antibiotics for NCFB, 
and evidence-based medicine indicating a posi-
tive benefit–risk ratio in NCFB patients has been 
elusive.

In line with the above considerations, we believe 
that inhaled antibiotics treatment holds great 
promise. Further large-scale, long-term clinical 
trials should be carried out on the basis of a 
sophisticated continuous study design with recog-
nized antibiotics that can used be safely, in order 
to explore evidence-based optimum doses and 
regimes, finally providing benefits for patients 
suffering from NCFB.
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