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Abstract

Bronchiectasis is a clinico-radiological syndrome with variable course. Some patients are 
stable for years and others develop frequent exacerbations, characterised by symptoms 
such as increased cough and change in sputum and/or systemic features. Bacterial infec-
tions are the most frequent recognised trigger, and consequently the majority of these 
events are treated with systemic antibiotics. As a major cause of morbidity, mortality and 
healthcare related costs, exacerbations have been used as primary outcomes in clinical 
trials of new treatments in bronchiectasis. Furthermore, implementing prevention strategies 
in patients at risk of future exacerbations is a major goal of bronchiectasis management. 
However, evidence-based knowledge on bronchiectasis exacerbations is limited and there 
is no specific licensed-treatment. Further studies using the recently developed consen-
sus-based definition are needed to clarify the unanswered questions regarding the patho-
physiology, prevention and treatment of bronchiectasis exacerbations. This review sum-
marises the existing evidence and the gaps in our knowledge of bronchiectasis exacerbations. 
(BRN Rev. 2018;4(3):169-84)

Corresponding author: James D. Chalmers, jchalmers@dundee.ac.uk

Key words: Antibiotics. Bronchiectasis exacerbations. Infection. 
N

o
 p

ar
t 

o
f 

th
is

 p
u

b
lic

at
io

n
 m

ay
 b

e 
re

p
ro

d
u

ce
d

 o
r 

p
h

o
to

co
p

yi
n

g
 w

it
h

o
u

t 
th

e 
p

ri
o

r 
w

ri
tt

en
 p

er
m

is
si

o
n

 �o
f 

th
e 

p
u

b
lis

h
er

.  


©
 P

er
m

an
ye

r 
20

18



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

170

BRN Rev. 2018;4(3)

Introduction

Bronchiectasis is a complex and heteroge-
neous chronic respiratory disease defined 
by clinical and radiological criteria. Daily 
productive cough is the most characteristic 
symptom and irreversible bronchial dilata-
tion on high resolution computed tomogra-
phy (HRCT) of the chest confirms the diag-
nosis1-4.

The natural course of bronchiectasis is marked 
by exacerbations, traditionally associated with 
a new and/or persistent bacterial infection 
that causes increased inflammation and fur-
ther lung damage5. These events have a sig-
nificant impact on: 1)  patients’ short- and 
long-term experience of the disease, such 
as daily symptoms and quality of life (QoL); 
2)  clinical outcomes, such as lung function 
and survival; and 3)  direct and indirect 
healthcare costs6-12. Accordingly, exacerba-
tion frequency and time to first exacerbation 
have been the most widely used outcomes in 
clinical trials assessing treatment of bronchi-
ectasis, namely inhaled antibiotics13-18. For a 
chronic disease, the frequency of exacerba-
tions is likely to be the most clinically rele-
vant outcome and is the variable used most 
often for clinical decision making. 

The global prevalence of bronchiectasis is un-
known, but studies have suggested that it var-
ies between 52 and 566 cases per 100,000 pop-
ulation. Moreover, there is some evidence that 
patients experience on average between 1 and 
6  exacerbations per year in different popu-
lations, and the frequency increases with 
disease severity12,19-21. Bronchiectasis is still 
believed to be underdiagnosed and so preva-
lence estimates are likely to increase with time. 

Based on these facts, prevention and ade-
quate treatment of exacerbations are two ma-
jor goals of bronchiectasis management in 
everyday clinical practice and the focus of 
recent research.

In this review we highlight the research liter-
ature on bronchiectasis exacerbations in the 
context of clinical practice.

Definition OF EXACERBATION 

In 2017, a worldwide group of experts led by 
the European Multicentre Bronchiectasis Au-
dit and Research Collaboration (EMBARC) 
and United States (US) Bronchiectasis Regis-
try groups performed a systematic review of 
exacerbation definitions and organized a Del-
phi process followed by a round-table meet-
ing to reach a consensus definition (Fig. 1). 
They defined bronchiectasis exacerbation for 
research purposes as “a deterioration in ≥  3 
of the following key symptoms for at least 
48 hours: cough, sputum volume and/or con-
sistency, sputum purulence, breathlessness 
and/or exercise tolerance, fatigue and/or mal-
aise, haemoptysis AND a clinician determines 
that a change in bronchiectasis treatment is 
required”22. This symptom-based definition 
emphasises the importance of an interven-
tion that includes, but is not limited to, insti-
tution of antibiotics. Regarding its clinical 
picture, nonspecific symptoms, such as cough, 
breathlessness or fatigue, complement features 
suggestive of bacterial infection (e.g., sputum 
volume and/or consistency, sputum puru-
lence). As referred by the working group, this 
definition should be applied in a research 
context and is not intended to be used in 
clinical practice22. However, clinicians can use 
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it in an integrative manner, recognising that 
no concept of chronic respiratory disease ex-
acerbation is perfect to adopt into routine clin-
ical practice.

In the Spanish guidelines on treatment of 
bronchiectasis, an exacerbation is defined as 
“an acute sustained clinical deterioration char-
acterised by an increase in the usual cough 
and changes in the sputum characteristics 
consisting of increased purulence, volume or 
viscosity, which may be accompanied by an 
increase in dyspnoea, fever, asthenia, poor 
general condition, anorexia, pleuritic chest 
pain, haemoptysis, changes in the respiratory 
examination, changes in the patient’s usual 
treatment or a significant decline in lung 
function”23. The British Thoracic Society (BTS) 
guideline for non-Cystic Fibrosis (CF) bron-
chiectasis defined an exacerbation requiring 
antibiotics as “an acute deterioration with 
worsening local symptoms (cough, increased 
sputum volume or change of viscosity, in-
creased sputum purulence with or without 
increasing wheeze, breathlessness, haemopty-
sis) and/or systemic upset”1. These are broader 
definitions that do not include the component 

time or requirement of a minimum number of 
criteria. It remains speculative which definition 
is best suited for application in clinical setting.

Depending on the severity of the exacerbation 
and/or the severity of the underlying disease, 
these events can be managed in the commu-
nity or in the hospital. Severity assessment of 
bronchiectasis exacerbations is not well estab-
lished. The BTS guideline recommends hospi-
talisation if the patients are unable to cope at 
home or if they develop cyanosis or confusion, 
breathlessness with respiratory rate ≥ 25/min, 
circulatory or respiratory failure or tempera-
ture ≥  38°C. Intravenous (IV) antibiotics are 
reserved for patients particularly unwell, un-
able to take oral treatment or with clinical 
failure after oral antibiotics1. However, a for-
mal grading of bronchiectasis exacerbation 
severity is not addressed. The Spanish Society 
of Pulmonology and Thoracic Surgery (SEPAR) 
uses a classification system based on required 
medical intervention and patients’ clinical signs. 
Bronchiectasis exacerbations are considered: 
a) mild or moderate when controlled with 
oral antibiotics; b) severe when IV antibiotics 
or hospitalisation is required or if at least one 

1. Symptoms of bronchiectasis exacerbation
At last three of the following:
• Increased cough
• Increased sputum volume or change in sputum
 consistency
• Increased sputum purulence
• Increased breathlessness and/or decrease
 exercise tolerance
• Fatigue and/or malaise
• Haemoptysis 

2. Duration of symptoms
Symptoms should be present
for 48 hours or more Exacerbation

event for inclusion
in clinical research3. Physician decisions to treat

Physician determines that 
a change in bronchiectasis 
treatmentis required

Other causes of deterioration are
excluded

1, 2 + 3

Figure 1. Consensus-based definition of bronchiectasis exacerbation (adapted and reproduced with permission from Hill AT et al.22).
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of the following conditions is present: exacer-
bated acute or chronic respiratory failure, sig-
nificant deterioration in oxygen saturation, high 
temperature or other criteria for sepsis, frank 
haemoptysis or significant deterioration in lung 
function; and c) very severe in the presence of 
haemodynamic instability, altered level of con-
sciousness or need for admission to an inten-
sive or intermediate care unit23. The concept of 
“mild” exacerbations with symptoms that are 
worse than the day-to-day variation, but do 
not result in antibiotic treatment has not been 
universally accepted to date. In the future, the 
development and validation of severity scores 
for grading bronchiectasis exacerbations may 
help clinicians predict patients’ prognosis, and 
consequently make more evidence-based de-
cisions about their management. 

In the last years, two multidimensional scor-
ing systems, the Bronchiectasis Severity Index 
(BSI)12 and the FACED (F - forced expiratory 
volume in first second, A - age, C - chronic in-
fection with Pseudomonas aeruginosa, E - ra-
diological extension, D - dyspnoea) score24 
have been developed to predict bronchiecta-
sis prognosis, as will be discussed below. 
These scores were originally created and val-
idated in stable patients and are not designed 
to determine the severity of exacerbations. 

Epidemiology

Over recent years, there has been a paradigm 
shift towards increased awareness of bronchi-
ectasis among clinical and research commu-
nity. Historically described as an “orphan dis-
ease”, it has become one of the most recognised 
chronic respiratory diseases, following chron-
ic obstructive pulmonary disease (COPD) and 

asthma1,25. However, given the paucity of re-
search data, its real incidence and prevalence 
remain unclear.

There is growing evidence that incidence and 
prevalence of bronchiectasis and associated 
hospitalisations are increasing. The highest 
bronchiectasis prevalence rates have been 
reported in the United Kingdom (2013: 566.1 
per 100,000 inhabitants in men and 485.5 per 
100,000 inhabitants in women) and Catalonia 
(2012: 362 per 100,000 inhabitants)20,26. In 2013, 
Ringshausen et al.27 based on International 
Statistical Classification of Diseases and Re-
lated Health Problems, 10th revision (ICD-10) 
diagnosis codes found a much lower preva-
lence in Germany of 67 per 100,000 inhabitants. 
As described by the authors, this methodolo-
gy could underestimate the true prevalence 
of bronchiectasis. In a previous study, they 
showed an increase in the number of hospi-
talisations for bronchiectasis as the primary 
diagnosis per year between 2005 and 2011 
(from 1449 to 2009)8. Seitz et al.9 demonstrated 
a similar trend in the US, with an average 
annual increase of hospitalisations for bron-
chiectasis of 2.4% and 3.0% for men and wom-
en, respectively between 1993 and 2006. 

A prospective cohort study with a 4-year fol-
low-up by Chalmers et al.12 enrolling 608 bron-
chiectasis patients found that: 1) 31.1% of patients 
were admitted to the hospital or emergency de-
partment; 2) 13.3% of patients had > 1 hospi-
talisation; and 3)  the mean exacerbation fre-
quency was 1.8 per year. Recent European data 
showed that 40 to 60% of European bronchi-
ectasis patients had ≥ 2 exacerbations per year 
and one third required at least 1 hospitalisa-
tion per year12. These numbers are a matter 
of concern due to the significant impact of 
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exacerbations on the overall prognosis of bron-
chiectasis patients.

A prospective study by Loebinger et al.28 in-
cluding 91 bronchiectasis patients followed 
from 1994 to 2007 found a death rate of 29.7%, 
which was higher than expected according to 
life expectancy data from the same popula-
tion (expected death rate was 14.7% and 8.9% 
for men and women, respectively). Bronchiec-
tasis, respiratory infection or respiratory fail-
ure were considered the cause of death in 
more than 70% of cases. A more recent study 
by Quint et al.20 reported that mortality for 
patients with bronchiectasis was more than 
twice the mortality for the general popula-
tion, independent of sex (women: 1437.7 ver-
sus 635.9 per 100,000 inhabitants; men: 1914.6 
versus 895.2 per 100,000 inhabitants).

Overall, there is little evidence on bronchiec-
tasis exacerbations impact on patients’ daily 
symptoms, QoL or lung function. Brill et al.6 
showed that during an exacerbation, symptoms 
last for more than two weeks; after 35 days, 16% 
of patients had not returned to their pre-exac-
erbation state. They also found an increase of 
6.3 units in COPD Assessment Test (CAT) and 
a reduction of 10.6% or 31L/min in peak expi-
ratory flow rate (PEFR) during an exacerbation. 
A previous small study, suggested that more 
frequent severe exacerbations (≥ 1.5 per year) 
were associated with accelerated decline of lung 
function29. However, further large prospective 
studies are needed to clarify these results and 
assess patients’ outcomes during and after ex-
acerbations of bronchiectasis.

The economic burden of bronchiectasis is con-
siderable. The annual cost of bronchiectasis 
treatment was estimated by De La Rosa et al.10 

at 4671.9 euros per patient. This study also 
showed that the number of hospitalisations 
was independently associated with higher 
costs. Bibby et al.11 reported an annual cost 
for hospitalisations of 5.34 million New Zea-
land Dollar (NZD). 

In summary, this research evidence and clin-
ical experience are the rationale to consider 
exacerbations as one of the most important 
outcome measures in bronchiectasis.

Aetiology of exacerbations

The aetiology of bronchiectasis exacerbations 
is not fully understood, but there have been 
described distinct causes and triggers such as 
bacterial and viral infections and air pollution.

The most common isolated bacteria in the spu-
tum cultures of patients with bronchiectasis 
exacerbations are Pseudomonas aeruginosa, Hae-
mophilus influenzae, Enterobactericeae, Streptococcus 
pneumoniae, Staphylococcus aureus and Moraxel-
la catarrhalis. However, it has been increasing-
ly recognised, through clinical experience and 
limited evidence data that the same microor-
ganisms are also isolated when the patient is 
clinically stable30-32. The challenge is clarifying 
why these patients exacerbate. Three possible 
explanations have been suggested: 1) emergence 
of a new bacteria strain; 2) increase of bacteri-
al load of existing bacteria; and 3) changes in 
bacterial virulence33. Microbiome studies, based 
on 16S ribosomal RNA gene sequencing have 
revealed that the diversity of bronchiectasis mi-
crobiota is considerably higher than anticipated, 
including potentially pathogenic and non-patho-
genic aerobic and anaerobic species. In the small 
number of microbiota studies performed to 
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date that compared patients at exacerbation 
and when stable, no significant differences or 
consistent patterns have been found to account 
for exacerbations34-37. 

Atypical bacteria and viruses play a major role 
in exacerbations of chronic respiratory diseas-
es, such as COPD and asthma38,39; however, 
this is not yet demonstrated in bronchiectasis. 
Metaxas et al.40 described that in a cohort of 
15  patients with a total of 19 exacerbations 
over 2 years, polymerase chain reaction (PCR) 
and serology for detection of Mycoplasma pneu-
moniae, Chlamydophila pneumoniae and respira-
tory syncytial virus (RSV) in bronchoalveolar 
lavage samples were all negative. A prospec-
tive 1-year study by Gao et al.41 enrolling 
58  patients with a total of 100 exacerbations 
detected viruses in nasopharyngeal swabs 
and sputum samples by PCR more frequent-
ly during bronchiectasis exacerbations rather 
than during steady state (49% versus 18.9%), 
suggesting that they can be an exacerbation 
trigger in a significant number of patients. 
Furthermore, virus-positive patients were more 
likely to be treated with IV antibiotics.

Allergic bronchopulmonary aspergillosis (ABPA), 
associated with hypersensitivity to Aspergillus 
fumigatus is a cause of bronchiectasis in 4-8% 
of patients, and it should always be consid-
ered at diagnosis2,42,43. However, overall, the 
pathogenic significance of fungi in bronchi-
ectasis “vicious cycle” is not yet elucidated. 
The most frequent species cultured in clini-
cally stable patients are Candida albicans and 
A. fumigatus, and they are mostly isolated with 
bacteria and in patients receiving chronic anti-
biotics44,45. Whether fungi are relevant to exac-
erbations or just “co-cultured microorganisms” 
of pathogenic bacteria has not been examined. 

Further studies are needed to clarify the po-
tential causal relationship between atypical 
bacteria, viruses or fungi infection and bron-
chiectasis exacerbations.

Exposure to indoor and outdoor air pollutants 
are well described triggers of exacerbations of 
COPD, asthma and idiopathic pulmonary fi-
brosis (IPF). In bronchiectasis, Goeminne et 
al.46,47 suggested that air pollution is associated 
with a higher risk of exacerbations or death. 
However, the specific effect of different air pol-
lutants in this disease needs to be elucidated. 

RISK FACTORS of exacerbations

Recently there has been a lot of research on risk 
factors for bronchiectasis exacerbations. A large 
cohort study, including 2596 patients from Eu-
rope and Israel showed that overwhelmingly 
the strongest predictor of future events was a 
past history of frequent exacerbation. In addition, 
chronic infection with P. aeruginosa and H. influ-
enzae, worse lung function, radiological severity 
and co-existing COPD were associated with in-
creased exacerbation risk48. The authors also first 
described a “frequent exacerbator phenotype” in 
bronchiectasis that was stable over time (3 years 
follow-up) and associated with worse QoL, more 
frequent hospitalisations and increased mortal-
ity over up to 5 years48. Another recent study 
with the same cohort of patients showed that 
mortality was increased in those with two or 
more exacerbations per year, especially in the 
presence of P. aeruginosa chronic infection (haz-
ard ratio [HR] 2.03; 95% confidence interval [CI] 
1.36-3.03)49.

Bronchiectasis Severity Index (BSI)12 is a 
well-validated predictive tool that objectively 

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
18



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

175

M.A. Mendes, et al.: Bronchiectasis Exacerbations: Clinical Relevance and Management

stratifies patients into mild, moderate and se-
vere risk groups for mortality, hospitalisations, 
future risk of exacerbations and QoL. The pre-
dicted risk of hospitalisation at four years var-
ies between 0-9.2% to 41.2-80.4% for mild and 
severe patients, respectively. The data used to 
derive BSI showed that body mass index (BMI), 
FEV1% predicted, previous exacerbations (with 
and without hospitalisation), Medical Research 
Council (MRC) dyspnoea score and chronic 
infection, especially with P. aeruginosa and 
methicillin-resistant Staphylococcus aureus were 
risk factors for future exacerbations. Undoubt-
edly, the strongest independent predictors of 
hospitalisation and mortality were previous 
hospitalisation and age, respectively. 

The FACED score24 incorporating FEV1% pre-
dicted, age, P. aeruginosa chronic infection, ra-
diological extent of the disease, and dyspnoea 
was originally developed to predict mortality 
in bronchiectasis patients. Last year, a modi-
fied version including the variable “at least 
one severe exacerbation in the previous year” 
was created (E-FACED score) to improve pre-
dictive capacity of exacerbations50. 

A meta-analysis by Finch et al.51 demonstrated 
that P. aeruginosa chronic infection was an in-
dependent risk factor for hospitalisation and 
death: these patients had approximately one 
more exacerbation per year compared to pa-
tients without P. aeruginosa chronic infection. In 
addition, Aliberti et al.2 documented that pa-
tients with chronic infection (with P. aeruginosa 
or other microorganisms) had a higher number 
of exacerbations during 1-year follow-up than 
patients without chronic infection.

Therefore, bacterial infection is a consistent risk 
factor for future exacerbations. Not only the 

presence of bacteria, but also the load appears 
to be important. A higher bacterial load in pa-
tients with clinically stable bronchiectasis has 
been identified as a significant predictor of re-
current (≥ 3) exacerbations and hospitalisation52.

Several co-morbidities have been associated 
with exacerbation risk in chronic respiratory 
diseases. COPD, asthma, rhinosinusitis, gastro-
esophageal reflux and severe vitamin D defi-
ciency were all described as risk factors of ex-
acerbations in bronchiectasis patients25,53-58. 

Our knowledge of molecular biology and ge-
netics of bronchiectasis exacerbations is very 
limited. Recently, Chalmers et al.59 showed 
that elevated sputum neutrophil elastase ac-
tivity was associated with a higher risk of 
exacerbations (independently of severity) and a 
higher lung function decline. We also demon-
strated that at the onset of an exacerbation 
sputum elastase activity increased and after 
antibiotics returned to baseline levels. Man-
nose-binding lectin (MBL) deficiency has also 
been associated with increased bronchiectasis 
exacerbations and hospitalisations60.

In addition to these important risk factors of 
typical bronchiectasis exacerbations, clinicians 
should take into account that patients may suf-
fer exacerbations of underlying diseases such 
as COPD, asthma, ABPA or other co-morbid-
ities61. It is important therefore to consider 
co-morbidities and underlying conditions in 
evaluating patients with frequent bronchiec-
tasis exacerbations. 

Ultimately it should be noted that some of these 
risk factors, namely P. aeruginosa infection, 
higher bacterial load and co-morbidities could 
be considered “modifiable”, and consequently 
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should be focus of our attention in daily clin-
ical practice, as will be discussed below. 

Prevention OF EXACERBATIONS

Prevention of exacerbations, a key goal in bron-
chiectasis management, mainly concerns the 
optimisation of multifaceted pharmacological 
and non-pharmacological interventions. How-
ever, specific data on the benefits of these in-
terventions used in daily practice are limited 
and contradictory. Figure 2 presents a list of 
interventions that are used to prevent exacer-
bations. Table 1 shows the 2017 guidelines for 
the management of adult bronchiectasis by the 
European Respiratory Society (ERS) focusing 
on prevention of exacerbations19. 

General management

Although not extensively explored, there are a 
number of plausible strategies that could influ-
ence bronchiectasis patients’ prognosis, name-
ly reduce the frequency and/or the severity 
of exacerbations such as education, smoking 
cessation, influenza and pneumococcal vacci-
nation, treatment of the underlying causes of 
bronchiectasis (e.g., common variable immuno-
deficiency and ABPA), management of co-mor-
bidities and adequate nutrition1,12,19,23,25,58,62,63. 
From a clinical perspective, patient-centred ed-
ucation and shared-management programmes 
are particularly important; they have been 
widely reported as essential components of 
personalised care planning in chronic respi-
ratory diseases. Their therapeutic value in 
bronchiectasis has not been clearly document-
ed, but some limited data and daily clinical 
experience shows that they represent a key 

element to improve symptoms self-manage-
ment, QoL and therapeutic compliance1,23,33,64-67. 

Airway clearance techniques and 
pulmonary rehabilitation

The 2017 ERS bronchiectasis guidelines strong-
ly advocate airway clearance techniques (ACTs). 
Recently, the largest randomized control tri-
al (RCT) in this field, that included 44 patients 
randomised to perform twice daily ELTGOL 
(slow expiration with the glottis opened in the 
lateral posture) technique (n = 22) or placebo 
exercises (n = 22) over 1 year, showed that pa-
tients in the ELTGOL group had significantly 
reduced bronchiectasis exacerbations and im-
proved QoL68. A previous Cochrane review 
concluded that ACTs appear to be safe and 
may account for improvements in sputum ex-
pectoration, symptoms, lung function and QoL69. 
A small 3-month randomised crossover trial 
comparing twice daily chest physiotherapy us-
ing an airway oscillatory device with no chest 
physiotherapy did not find a significant differ-
ence in the number of bronchiectasis exacerba-
tions (secondary outcome)70.

Although mucus clearance could be consid-
ered the cornerstone of prevention of bronchi-
ectasis exacerbations, no form of ACT has been 
shown to be superior to another. A variety of 
manual and instrumental techniques are avail-
able, and they should be tailored to each pa-
tient’s needs, goals and preferences, being 
part of an appropriate personalised treat-
ment1,19,23,25,33,69,71.

It is important to emphasise that, when one 
is considering a “step-up” treatment, namely 
long-term antibiotic, it is always essential to 
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Inhaled
antibiotics

Macrolide
long-term treatment

Mucolytics and/or hyperosmolar
agents

Pulmonary rehabilitation
Advanced airway clearance techniques/devices

Education, smoking cessation, influenza and pneumococcal vaccination
Treatment of underlying causes of bronchiectasis

Management of co-morbidities, adequate nutrition, airway clearance

Figure 2. Key management components in the prevention of bronchiectasis exacerbations. The base of the pyramid shows interventions 
that should be considered for all patients, with interventions becoming more selective as the pyramid goes higher.

Table 1. Summary of ERS recommendations focusing on prevention of adult bronchiectasias exacerbations

Eradication treatment – Offering eradication antibiotic treatment following new isolation of P. aeruginosa
– Not offering eradication antibiotic treatment following new isolation of pathogens other than P. aeruginosa

Long-term antibiotic treatment – Offering long-term antibiotic treatment for patients with ≥ 3 exacerbations per year
– Offering long-term inhaled antibiotic treatment for patients with chronic P. aeruginosa infection 

AND ≥ 3 exacerbations per year
– Offering long-term macrolides (azithromycin or erythromycin) for patients without chronic P. aeruginosa 

infection AND ≥ 3 exacerbations per year
– Considering long-term antibiotic treatment only after optimisation of general aspects of bronchiectasis 

management

Long-term mucoactive treatment – Offering long-term mucoactive treatment in patients who have difficulty in expectorating sputum and poor 
quality of life where standard airway clearance techniques have failed to control symptoms

– Not offering recombinant human DNase

Regular physiotherapy – Patients with chronic productive cough or difficulty to expectorate sputum should be taught an airway 
clearance technique by a trained respiratory physiotherapist to perform once or twice a day

– Patients with impaired exercise capacity should participate in a pulmonary rehabilitation programme and take 
regular exercise

ERS guidelines provide other recommendations for the management of adult patients with bronchiectasis not addressed in this table (reproduced and modified with 
permission from Polverino E et al.19).
DNAse: deoxyribonuclease; ERS: European Respiratory Society.
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review adherence to airway clearance and 
other prescribed therapies. In the authors’ 
opinion, all clinicians involved in bronchiecta-
sis care should keep in mind what was re-
ferred by Baum72  in 1996: “the story of patients 
receiving course after course of antibiotics for 
the symptoms of bronchiectasis without use 
of physical measures is a recurrent one, in my 
experience”.

Unlike in COPD where pulmonary rehabilita-
tion has a well described benefit in symptoms, 
health status and exercise capacity, little has 
been studied about its impact on bronchiec-
tasis patients. Lee et al.69 showed that 8 weeks 
of supervised exercise training and review of 
ACTs reduced the number of exacerbations 
over 12 months, prolonged the time to first 
exacerbation (6 versus 8 months) and was as-
sociated with short-term improvement in dys-
pnoea, fatigue and exercise capacity. A pulmo-
nary rehabilitation programme usually also 
poses a unique opportunity to educate, review 
of potential co-morbidities such as cardiovas-
cular disease and osteoporosis, screen for mal-
nutrition, address psychosocial issues such as 
anxiety and depression, and promote regular 
physical activity, all essential components of 
management of bronchiectasis patients. 

Mucolytic and hyperosmolar agents 

It is not clear whether nebulised hypertonic 
saline 3-7% prevents bronchiectasis exacerba-
tions. Nicolson et al.73 showed that daily treat-
ment with hypertonic saline 6% or isotonic 
saline 0.9% for 12 months had similar effects 
on exacerbation frequency. In contrast, Kellet 
et al.74 demonstrated a significant decrease in 
the antibiotics and emergency healthcare use 

in patients treated with hypertonic saline 7% 
for 3 months, when compared to isotonic sa-
line 0.9%.

Treatment with inhaled mannitol or nebu-
lised deoxyribonuclease (DNase) is not advis-
able in bronchiectasis. Bilton et al.75 showed 
that inhaled mannitol 400mg (versus manni-
tol 50mg) twice a day for 52 weeks did not 
significantly reduce exacerbations rates (pri-
mary endpoint) but prolonged the time to first 
exacerbation and improved QoL (secondary 
endpoints). In 1998, O’Donnell et al.76 suggested 
that nebulised DNase was ineffective, and even 
potentially harmful in idiopathic bronchiec-
tasis patients. Since then, no more studies with 
this drug were performed.

Oral N-acetylcysteine or carbocisteine with 
known mucolytic and antioxidant proprieties 
are widely used in bronchiectasis patients, 
but their benefit has not yet been explored in 
clinical trials77.

Long-term antibiotic treatment  
– inhaled or oral 

While inhaled antibiotics have strong place-
bo-controlled trial evidence of exacerbations 
reduction in CF, particularly those chronical-
ly infected with P. aeruginosa, there remains 
controversy about their role in bronchiectasis. 
Clinical experience and some RCTs have shown 
beneficial effects of inhaled gentamicin, colis-
tin and ciprofloxacin on exacerbation frequen-
cy and/or time to first exacerbation specifically 
in bronchiectasis patients13,14,16-18. However, two 
large trials reported that aztreonam did not 
prolong the time to first exacerbation (second-
ary outcome)15. The Ciprofloxacin Dry Powder 
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for Inhalation in Non-cystic Fibrosis Bron-
chiectasis (RESPIRE) trials, the largest clin-
ical trial programme to date in bronchiecta-
sis, have recently been reported. These trials 
tested ciprofloxacin dry powder for inhala-
tion (DPI) versus placebo in 2 x 14-day on/off 
arms and 2 x 28-day on/off arms in a mul-
ticentre RCT. The trials gave inconsistent 
results with significant reductions in fre-
quency of exacerbations and prolonged time 
to first exacerbation in the 14-day on/off 
arm in RESPIRE 1, but no statistically sig-
nificant benefit in the other arms. Pooled 
data suggested a clear benefit of treatment17-18. 
Detailed description of these studies is shown 
in Table 2. 

Three RCTs, Azithromycin for prevention of 
exacerbations in non-cystic fibrosis bronchi-
ectasis (EMBRACE), Bronchiectasis and Long-
term Azithromycin Treatment (BAT) and the 
Bronchiectasis and Low-dose Erythromycin 
Study (BLESS) involving a total of 341 pa-
tients showed that long-term oral azithromy-
cin (500mg three times a week or 250mg once 
a day) or erythromycin (400mg twice a day) 
are effective in reducing the number of exac-
erbations78-80. 

The summary of ERS guidelines recommen-
dations for long-term antibiotic treatment 
are shown in figure 319. The ideal length of 
inhaled or oral antibiotic treatment is un-
certain. ERS guidelines define “long-term 
treatment” as at least 3 months19 and the 
published data are from 6- or 12-month 
RCTs78-80. Thus, in clinical practice it is com-
mon to treat patients for at least 6 to 12 months 
to confirm or exclude clinical benefit, unless 
adverse events lead to treatment discontin-
uation. 

A major concern about long-term antibiotic 
(inhaled and oral) treatment is microbial re-
sistance19. A prospective observational study 
by Menéndez et al.32 identified three inde-
pendent risk factors associated with isolation 
of multidrug-resistant (MDR) pathogens in 
bronchiectasis exacerbations: chronic renal 
disease, prior MDR isolation and hospitalisa-
tion in the previous year. Notably, MDR iso-
lation was more frequent in patients using 
inhaled antibiotics (34.4% versus 19.7%), but 
there was no statistically significant differ-
ence. To understand the possible impact of 
long-term antibiotics on the emergence of mi-
crobial resistance is a research priority in 
bronchiectasis33. 

Treatment OF EXACERBATIONS 

Since bacterial infection has been recognised 
as the most frequent cause of bronchiecta-
sis exacerbations, its treatment has been fo-
cused on antibiotics and other adjuvant ther-
apies. However, there is a limited body of 
good-quality evidence regarding: 1) choice 
of antibiotic and dosage regimen; 2) mono-
therapy versus combination treatment; and 
3) length of treatment19.

From a clinical perspective, physicians as-
sume a different therapeutic approach driven 
by exacerbation severity, previous positive 
sputum cultures, presence of P. aeruginosa in-
fection and co-morbidities1,23.

Before starting antibiotics, it is recommended 
to review patient’s previous sputum micro-
biology and antimicrobial susceptibility to 
guide antibiotic choice, and to send at least a 
sputum sample for culture1,19.

N
o

 p
ar

t 
o

f 
th

is
 p

u
b

lic
at

io
n

 m
ay

 b
e 

re
p

ro
d

u
ce

d
 o

r 
p

h
o

to
co

p
yi

n
g

 w
it

h
o

u
t 

th
e 

p
ri

o
r 

w
ri

tt
en

 p
er

m
is

si
o

n
 �o

f 
th

e 
p

u
b

lis
h

er
.  


©

 P
er

m
an

ye
r 

20
18



BARCELONA
RESPIRATORY
NETWORK

Collaborative research

180

BRN Rev. 2018;4(3)

Table 2. Summary of RCTs investigating the effect of inhaled antibiotics on exacerbation frequency and/or time to first exacerbation

Study and first 
author

Antibiotic Scheme  
of administration

Number  
of patients 
(completed  
the study)

Exacerbation 
frequency

Time to first 
exacerbation  

(days)

Murray et al.13 Gentamicin Nebulised gentamicin  
(80 mg) or placebo 
(0.9% saline) twice  
a day for 12 months

  57 
0 (0–1) versus 1.5 (1–2);
p < 0.0001


120 (87–161.5) versus 61.5 

(20.7–122.7);  
p = 0.02

Haworth et al.14 Colistin Colistin (1 million IU)  
or placebo (0.45% 
saline) via the I-neb 
twice a day for up 
to 6 months

144 Not evaluated 

165 (42) versus 111 (52);  
p = 0.11 

168 (65) versus 103 (37);  

p = 0.038 in adherent 
patients (taking > 80%  
of doses)#

AIR-BX1
AIR-BX2
Barker et al.14

Aztreonam Nebulised aztreonam 
(75 mg) or placebo 
three times a day,  
in 2 treatment cycles 
of 28 days on/off

AIR-BX1: 266
AIR-BX2: 274



AIR-BX1: 1.32 versus 1.08; 
p = 0.35

AIR-BX2: 1.20 versus 1.14; 
p = 0.81

Median time to first 
exacerbation was

only reached in one group 
as study

was only 2 cycles 
(placebo in AIRBX1)

ORBIT II
Serisier et al.16

Ciprofloxacin Nebulised dual 
release ciprofloxa-
cin (liposomal 
ciprofloxacin 150 mg 
in 3 ml and free 
ciprofloxacin 60 mg 
in 3 ml) or placebo 
once a day,  
in 3 treatment 
cycles of 28 days  
on/off

  42 Not evaluated 134 versus 58;  
p = 0.057 mITT,  
p = 0.046 per protocol

RESPIRE 1
De Soyza et al.17

Ciprofloxacin Ciprofloxacin DPI 
 32.5 mg or placebo  
in 2 treatment 
regimens  
consisting  
of on/off treatment  
cycles of 14 or  
28 days for 48 
weeks

334 
Ciprofloxacin DPI 14 days 

on/off:
0.6 versus 1.0;  

p = 0.0061*


Ciprofloxacin DPI  
28 days on/off:  
0.8 versus 0.8;  
p = 0.8946


Ciprofloxacin DPI  

14 days on/off:  
> 336 versus 186;  
p = 0.0005*



Ciprofloxacin DPI  
28 days on/off:  
336 versus 186;  
p = 0.0650

RESPIRE 2
Aksamit et al.18

Ciprofloxacin Ciprofloxacin DPI  
32.5 mg or placebo  
in 2 treatment 
regimens consisting  
of on/off treatment  
cycles of 14 or  
28 days for 48 weeks

442 

Ciprofloxacin DPI  
14 days on/off:  
IRR 0.83; p 0.2862*

Ciprofloxacin DPI  
28 days on/off:  
IRR 0.55; p 0.0014*



Ciprofloxacin DPI  
14 days on/off:  
HR 0.87; p 0.3965*

Ciprofloxacin DPI  
28 days on/off: 
HR 0.71; p 0.0511*

Data presented as median and interquartile range (IQR) or mean and standard deviation (SD) as appropriate.
 Met outcome(s).
× Unmet outcome(s). 
#Primary outcome. 
*Predefined statistical significance level: p=0.049 for the 14-day regimen and p=0.001 for the 28-day regimen.
DPI: dry powder for inhalation; HR: hazard ratio; IRR: incidence rate ratio; IU: international unit; mITT: modified intention to treat; RCT: randomised clinical trial.
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The majority of bronchiectasis exacerbations 
are treated with oral antibiotics. Intravenous 
treatment is reserved for severe exacerbations, 
namely requiring hospitalisation or after fail-
ure of oral treatment1. 

Many physicians recommend combination 
treatment, ideally with two antibiotics with 
different mechanisms of action and resistance 
development (e.g., beta‑lactam or antipseudo-
monal cephalosporin plus aminoglycoside) if 
there is evidence of in vitro resistant P. aeru-
ginosa infection or if the patient is likely to 
require many subsequent courses of antibiot-
ics1. This is common practice in CF. It must 
be noted that the bronchiectasis population is 
significantly older and more co-morbid than 
CF patients, and so the risks of drugs such as 

aminoglycosides used systematically may be 
higher. 

It is a common belief that bronchiectasis 
exacerbations require a more prolonged an-
tibiotic course at higher doses than other 
acute respiratory infections, namely pneu-
monia. Current guidelines suggest that bron-
chiectasis exacerbations should be treated 
with 14 days of antibiotics. However, the ERS 
task force panel recognised the possibility 
to treat some selected cases with shorter 
courses of antibiotics, namely mild exacer-
bations, exacerbations in mild patients, those 
associated with pathogens more sensitive 
to antibiotics (e.g. Streptococcus pneumoniae), 
or patients with a rapid return to baseline 
state1,19,23.

≥ 3 exacerbations per year

Optimise airway clearance
Treat underlying causes

P. aeruginosa infection Non-P. aeruginosa infection

Lack of response or intolerance

Inadequate response

Combined oral and inhaled
antibiotic treatment

Long-term inhaled
antibiotic treatment

Long-term macrolide 
treatment

Lack of response
or intolerance

Long-term targeted
oral antibiotic

Figure 3. Summary of recommendations for long-term antibiotic treatment (reproduced with permission from Polverino E et al.19).
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To date no studies have evaluated the clinical 
relevance of short- or long-acting bronchodi-
lators, inhaled or systemic corticosteroids, mu-
coactive drugs or ACTs in bronchiectasis ex-
acerbations. However, there is some evidence 
that patients with bronchiectasis exacerbations 
may benefit from intensification of broncho-
dilator treatment or even a course of oral cor-
ticosteroids if they have asthma or COPD. 
Furthermore, BTS guidelines suggested that 
patients should maintain ACTs during an ex-
acerbation and the addition of manual tech-
niques should be considered1. Therefore, along-
side antibiotic treatment, physicians should 
address whether the patient requires addition-
al help with airway clearance, bronchodilator 
treatment, systemic corticosteroids (in the case 
of co-existing airways disease), intravenous 
fluid treatment and other supportive measures. 

FUTURE CHALLENGES

There remain many unanswered questions 
regarding our understanding of bronchiecta-
sis exacerbations. It is likely that just as bron-
chiectasis is heterogeneous, exacerbations are 
likely to be equally heterogeneous. A deeper 
understanding of the mechanisms leading to 
exacerbations and a recognition of phenotypes 
and endotypes of exacerbations may lead to 
more targeted treatment and successful clin-
ical trials. Understanding the role of bacteria, 
viruses, fungi and non-infectious stimuli in 
triggering exacerbations are now vital to de-
signing more effective preventative measures. 
Further clinical trials are needed to establish 
the efficacy of measures to reduce exacerba-
tions, including mucoactive drugs and antibiot-
ic approaches. The research priorities in bron-
chiectasis have been well described recently 

by the EMBARC network, including a large 
number of proposed studies around the topic 
of exacerbations33,81. 

Conclusions

Prevention of exacerbations, a serious and fre-
quent complication of bronchiectasis is a pri-
ority goal in daily clinical practice. Recently 
developed prognostic scores aid clinicians to 
identify patients at risk of future events, guiding 
individually tailored strategies. However, fur-
ther research is needed to analyse the effective-
ness of current approaches and to explore new 
strategies that could support evidence-based 
decision making. The recent consensus defi-
nition of bronchiectasis exacerbations should 
help to standardise outcomes in upcoming clin-
ical trials. 
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