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Background and Objective: Bronchiectasis exacerbations are significant events in the natural course of 
the disease and determine long-term clinical outcomes. This review aims to discuss the definition, causes, 
risk factors, management and prevention of bronchiectasis exacerbations.
Methods: The PubMed database was searched for relevant articles published in English between January 
1990 and March 2022 using keywords “bronchiectasis” and “exacerbation”.
Key Content and Findings: Causes of bronchiectasis exacerbation are multifactorial; it can be associated 
with bacterial and viral pathogens, host inflammatory responses, and external environmental effects. In 
addition, recent advances in bronchiectasis research highlight the phenotype of patients who are more prone 
to exacerbations, including those with chronic Pseudomonas aeruginosa infection, worse symptoms, greater 
lung inflammation and comorbid airway diseases. Once bronchiectasis exacerbations occur, antibiotics are the 
mainstay treatment. Preventing exacerbations is of paramount importance because frequent exacerbations 
are linked to a detrimental disease course and higher mortality. To prevent frequent exacerbations, clinicians 
should attempt to understand the risk factors for exacerbation that are amenable to therapeutic intervention: 
so called “treatable traits”. Treatments are personalised but include improving mucociliary clearance by 
physiotherapy and mucoactive therapy, reducing airway infection by inhaled antibiotics, and inflammation 
by long-term macrolide or in specific subpopulations, inhaled corticosteroids (ICS). Novel approaches to 
prevent exacerbations including direct anti-inflammatory therapies are in development for bronchiectasis.
Conclusions: Future research is needed to better manage and prevent exacerbations in patients with 
bronchiectasis, although recent studies have characterised frequent exacerbator phenotype and enhanced our 
understanding of various aspects of exacerbations.
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Introduction

Non-cystic fibrosis bronchiectasis (hereafter referred to as 
bronchiectasis) was, until recently, considered as an orphan 
disease (1). Over the past 10 years, however, publications 
have revealed that bronchiectasis is not rare and contributes 
to a considerable healthcare burden and increased mortality 
(2-5). Bronchiectasis is a heterogeneous condition that may 
be a standalone suppurative pulmonary disease and can 
sometimes complicate other pulmonary diseases, including 
asthma and chronic obstructive pulmonary disease  
(COPD) (6). Thus, physicians should recognise this 
heterogeneous lung condition to appropriately manage 
patients with bronchiectasis. Increasing recognition 
has been encouraged by the establishment of large-
scale bronchiectasis registries and relevant clinical trials 
worldwide, improving our understanding of many aspects of 
bronchiectasis (7-12).

Many patients with bronchiectasis experience frequent 
acute worsening of symptoms that are referred to as 
exacerbations. Exacerbation of bronchiectasis is a major 
adverse event in the natural history of this disease. The 
number of exacerbations per year independently predicts 
future mortality risk, with frequent exacerbators having 
double the mortality rates than those who do not experience 
exacerbations (13). Consequently, the exacerbation has 
been a fundamental endpoint in clinical research and a 
target for most therapeutic interventions in bronchiectasis  
research (14,15).

Clinical and translational research in recent years 
has enhanced our understanding of the causes and 
consequences of bronchiectasis exacerbations. Data from 
the European Multicentre Bronchiectasis Audit and 
Research Collaboration (EMBARC) registry demonstrated 
that almost half of the patients with bronchiectasis have 
two or more exacerbations per year, and approximately 
one-third of them require one or more hospitalisation 
per year (7). In this review, we discuss the definition, 
causes, risk factors, management and prevention of 
bronchiectasis exacerbations. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-3437/rc).

Methods

Source references were identified through a PubMed search 
of English language abstracts and articles published between 
January 1990 and March 2022. Randomised controlled 

trials (RCTs), observational studies, translational studies 
and systematic and narrative reviews were retrieved. The 
keywords included “bronchiectasis” and “exacerbation”. 
These keywords were used alone and in combinations. The 
reference lists of original articles, narrative reviews, clinical 
guidelines, and previous systematic reviews and meta-
analyses were searched for additional relevant materials. 
The citations from the articles identified in these searches 
were also reviewed and included, where appropriate. The 
search strategy is summarised in Table 1.

Definition

Clinically, patients recognise exacerbations as a deterioration 
of respiratory symptoms for which they seek medical 
help, and which is usually treated with antibiotics. This is 
how the 2010 British Thoracic Society guidelines defined 
an exacerbation, using the terminology “a deterioration 
in respiratory symptoms and/or systemic upset with the 
need for antibiotic treatment” (16). A problem with this 
definition is that patients may have a different threshold 
for reporting a deterioration in symptoms or may perceive 
normal day to day fluctuations in symptoms as exacerbation. 
This is particularly a challenge for clinical trials where 
exacerbations are frequently a primary endpoint. In 2017, an 
international group of experts on bronchiectasis generated 
a uniform definition for use in clinical trials. The process 
was based on a literature review of all published definitions 
between 2000 and 2015 and a Delphi methodology followed 
by a round-table discussion (17).

The experts  agreed on the  f ina l  def in i t ion of 
bronchiectasis exacerbation as follows: a person with 
bronchiectasis with a deterioration of three or more key 
symptoms for at least 48 hours, in addition to a clinician’s 
decision that a change in bronchiectasis treatment is 
required. Key symptoms include (I) cough, (II) sputum 
volume and/or consistency, (III) sputum purulence, (IV) 
breathlessness and/or exercise intolerance, (V) fatigue 
and/or malaise and (VI) haemoptysis (17). The clinician’s 
decision to change treatment generally refers to the 
prescription of antibiotics.

This definition was intended for use in clinical trials 
but is also helpful for conceptualising exacerbations in 
daily practice. The implications of the definition are that 
exacerbations are a deterioration in symptoms which is 
persistent, is greater than the normal day to day variation 
and can include worsening of respiratory symptoms and 
systemic upset.

https://atm.amegroups.com/article/view/10.21037/atm-22-3437/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3437/rc
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An important observation is that many patients with 
bronchiectasis experience sustained worsening of symptoms 
which are not reported as exacerbations. In a study of  
21 patients using a novel symptom diary, Artaraz et al. 
showed that 23 of 52 diary-detected exacerbations were 
not reported by patients and did not result in antibiotic 
treatment (18). Considering the detrimental effect of 
exacerbations in patients with bronchiectasis (19), clinicians 
should educate their patients to recognise the worsening 
of symptoms, particularly for those whose exacerbation is 
insufficiently severe to warrant hospital admission.

Causes of exacerbations

The pathophysiology of bronchiectasis has been poorly 
understood and this also extends to a lack of mechanistic 
studies examining the causes of exacerbations. Guidelines 
recommend that antibiotics are used to treat exacerbations 
and clinical experience suggests patients often feel better 
after an antibiotic course. Data suggests, however, that 
many other factors including viruses, inflammation and 
external environmental factors can affect the risk of 
exacerbation (Figure 1).

Bacterial infection

Bacterial infection is traditionally regarded as the most 
probable cause of bronchiectasis exacerbation for two 
reasons. First, there is a clear relationship in observational 
studies between chronic bacterial infection and bronchiectasis 
exacerbation risk (13,20). Second, antibiotic treatment 
decreases airway bacterial loads and reduces markers 
of the airway and systemic inflammation in patients 

with bronchiectasis, leading to clinical improvements in 
many patients (21). The relationship between bacterial 
infection and exacerbation risk during stable disease is 
clear. In a multicentre European study of 2,596 patients 
with bronchiectasis, chronic P. aeruginosa infection was 
independently associated with exacerbation frequency (22).  
In a United States (US) multicentre bronchiectasis cohort 
study of 830 patients, 94 (11.3%) had Staphylococcus 
aureus infection. Patients with S. aureus showed a higher 
exacerbation rate than those without prior S. aureus or 
glucose-nonfermenting gram-negative bacilli growth 
in the sputum samples. However, S. aureus growth was 
not independently associated with the frequency of 
exacerbations in multivariate analyses (23). Moreover, a US 
multicentre cohort study of 2,659 patients showed that 134 
(5%) patients had Stenotrophomonas maltophilia infection. 
The prior exacerbation rate was significantly higher in 
patients with S. maltophilia than in those without pathogens 
or pathogens other than P. aeruginosa and S. maltophilia (24).

Although it may be logical that microbiological test 
results differ between the stable and exacerbated states 
of patients with bronchiectasis, many studies show 
similar profiles in both stable state and exacerbation. In 
a study of 40 patients with bronchiectasis, sputum was 
collected from patients when they were clinically stable 
and during exacerbations (25). Bacterial abundance and 
community composition were analysed using culture-
based microbiological and molecular-based (16S ribosomal 
RNA sequencing) techniques. Interestingly, there were 
no significant intergroup differences between stable and 
exacerbated states (25), which was also replicated in a 
Korean study investigating bronchoalveolar lavage samples 
from 14 patients with bronchiectasis (26). In a more recent 

Table 1 The search strategy summary

Items Specification

Date of search The initial search was conducted on 1 April 2022

Databases PubMed

Search terms used Terms used included “bronchiectasis” and “exacerbation”

Timeframe Published between January 1990 and March 2022

Inclusion and exclusion criteria English language abstracts and articles

Selection process H Choi identified source references. Randomised controlled trials, observational studies, translational 
studies and systemic and narrative reviews were considered. The reference lists of the original 
articles, narrative reviews, clinical guidelines and previous systematic reviews and meta-analyses were 
manually searched to identify additional relevant material. The citation lists from articles identified in 
these searches were also reviewed and included, where appropriate
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microbiome study of 281 patients, individual patient 
microbiome profiles were relatively stable over time, during 
exacerbations, and during disease stability (27); however, 
this study provided further insight. Patients in whom 
Pseudomonas was dominant in the microbiome profiles 
(n=35) were at increased risk of all-cause mortality [hazard 
ratio (HR), 3.12; 95% confidence interval (CI), 1.33–7.36] 
and had more frequent exacerbations [incident rate ratio 
(IRR), 1.69; 95% CI, 1.07–2.67] than patients with other 
dominant genera (n=246). This indicates that a reduction 
in microbiome diversity, particularly that associated 
with Pseudomonas dominance, may be closely related to 
bronchiectasis exacerbation (27).

Nevertheless, several microbiome studies therefore show 
no consistent changes between the stable and exacerbation 
states, suggesting conventional acute bacterial infection is 
not seen consistently at exacerbation. It is likely, therefore, 
if bacteria are involved in exacerbations that it is changes 
in the composition of the resident microbes of the lung, 
rather than invasion of a new pathogen, that is seen in the 
majority of exacerbations. A study investigating interactions 
between microbes during exacerbations demonstrated 
no change in the overall community composition, but an 
increase in negative interactions between microbes during 
exacerbations that was partially reversed after antibiotic 
treatment (28).

This supports a model where bacteria are important in 
exacerbation, but that the inciting event, the true cause 
of exacerbation that changes bacterial behaviour, may 
be external such as a viral infection or a change in the 
immunological state of the lung.

Viral infection

Viruses are likely to be responsible for a high proportion 
of exacerbations and this is supported by both direct and 
indirect evidence. In a prospective study, sputum samples 
were collected from 108 patients with bronchiectasis 
every 3–6 months and at the onset of exacerbation, which 
were sent for bacterial culture and viral polymerase chain 
reaction. Viral isolation [odds ratio (OR), 3.28; 95% CI, 
1.76–6.12] and viral plus bacterial isolation (OR, 2.24; 
95% CI, 1.11–4.55) occurred more frequently during the 
onset of exacerbation (29). Similarly, Gao et al. revealed 
that respiratory viruses were found more frequently 
during bronchiectasis exacerbation than during a stable 
state (49.0% vs. 18.9%, P<0.001) (30). The most common 
viruses found in patients experiencing exacerbations include 
rhinovirus, influenza virus A/B and seasonal coronaviruses 
in these studies from China. Interestingly, virus-positive 
exacerbations were related to a greater increase in systemic 
and airway inflammatory markers [serum interleukin 

Figure 1 Causes of bronchiectasis exacerbations. This figure was created with BioRender.com. PM, particulate matter.

Bacterial infection
Pseudomonas aeroginosa  
and other bacteria such as  
Haemophilus influenzae and 
Staphylococcus aureus

Viral infection 
Rhinovirus, influenza virus  
A/B and seasonal 
coronavirus

Host inflammatory 
response
Neutrophilic inflammation
Eosinophilic inflammation

Environmental effects
Air pollutants, including 
PM10, nitrogen dioxide 
and sulphur dioxide



Annals of Translational Medicine, Vol 11, No 1 January 2023 Page 5 of 14

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2023;11(1):25 | https://dx.doi.org/10.21037/atm-22-3437

(IL)-6 and tumour necrosis factor (TNF)-α; sputum IL-
1β and TNF-α] than virus-negative exacerbations (30). 
A recent Korean cohort study enrolled 792 patients with 
bronchiectasis who had visited the emergency room or 
were admitted to the hospital because of exacerbations (31).  
Respiratory viruses were detected in 25% of patients 
experiencing bronchiectasis exacerbations. Additionally, 
viral detection was independently associated with female sex 
and chronic heart disease as a comorbidity in multivariable 
analyses (31).

In contrast, some studies have raised questions regarding 
the role of the virus in bronchiectasis exacerbations. 
Mitchell et al. performed respiratory viral panels in a cohort 
of patients with stable bronchiectasis, which showed that 
the virus was detected in 92% of patients during winter 
and 33% during summer (32). In addition, a Greek study 
of 33 patients with bronchiectasis assessed the possible 
role of atypical bacteria and respiratory syncytial virus in 
exacerbations. Over a one-year follow-up period, 15 of 
the 33 patients experienced bronchiectasis exacerbations. 
Respiratory syncytial virus was detected by polymerase 
chain reaction during stable visits in four patients; however, 
it was never detected during exacerbations (33). Hence, 
respiratory viruses are commonly detected in patients with 
stable bronchiectasis, and future studies are warranted to 
define the role of viruses in bronchiectasis exacerbation. 
These studies were conducted prior to the coronavirus 
disease 2019 (COVID-19) pandemic and the role of 
COVID-19 as a cause of bronchiectasis exacerbations has 
not yet been studied.

Indirect evidence of the importance of viruses is 
provided by the 48% reduction in exacerbations reported 
during the COVID-19 pandemic by Crichton et al. Social 
distancing measures introduced during the pandemic 
virtually eliminated the transmission of rhinovirus and 
influenza viruses. There are other possible explanations 
for the observed reduction in exacerbations, but these 
data indirectly suggest that viruses cause bronchiectasis 
exacerbations (34).

Host inflammatory response

Neutrophilic inflammation within the airway is an 
important risk factor for exacerbation of bronchiectasis. 
One United Kingdom study measured the sputum 
neutrophi l  e lastase  act iv i ty  of  381 pat ients  with 
bronchiectasis at baseline and during exacerbations, and 
evaluated long-term clinical outcomes over a 3-year 

follow-up period (35). Elevated sputum elastase activity 
was associated with a higher frequency of exacerbations 
(P<0.001). Neutrophil elastase activity also increased during 
exacerbations (P=0.001) and was reduced by antibiotic 
treatment (35). Keir et al. performed a proteomic study 
identifying neutrophil extracellular traps, webs of DNA 
and granule proteins released from activated neutrophils, 
as a key mediator of severity and exacerbation risk in the 
sputum of bronchiectasis patients enrolled in multiple 
cohorts. Neutrophil extracellular traps predicted the time 
to the first severe exacerbation (36). These data support 
the concept of targeting neutrophilic inflammation in 
bronchiectasis treatment (discussed later). Keir et al. also 
showed that antibiotic treatment during exacerbation 
caused extensive protein changes in sputum, but that the 
response in P. aeruginosa infected patients was minimal, 
suggesting exacerbations in this group are more severe and 
less antibiotic responsive.

Some studies have also evaluated systemic inflammation 
in relation to the exacerbation of bronchiectasis. A 
Spanish prospective observational study assessed systemic 
proinflammatory cytokines on days 1, 5, 30, and 60 in 
165 patients with exacerbated bronchiectasis (93 of 165 
had severe exacerbations). Interestingly, on day 30, severe 
exacerbations were independently associated with higher 
levels of IL-17 (OR, 4.58), IL-6 (OR, 4.89), IL-8 (OR, 3.08), 
and high-sensitivity C-reactive protein (CRP) (OR, 6.7), 
which were adjusted for age, bronchiectasis severity index, 
and treatment duration (37). This study suggests that severe 
exacerbation elicits a higher systemic proinflammatory 
response sustained until  day 30 (37). In addition, 
Posadas et al. reported the impact of CRP in steady-
state bronchiectasis on future exacerbations (n=802) (38).  
When CRP levels were divided into tertiles, patients 
with CRP levels in the second (0.4–2.7 mg/L) and third  
(≥2.7 mg/L) tertiles presented 2.9 (95% CI, 1.4–5.9) and 4.2 
(95% CI, 2.2–8.2) times greater probability, respectively, of 
experiencing a severe exacerbation than the control group 
(CRP <0.4 mg/L), regardless of bronchiectasis severity or 
a previous exacerbation history (38). Although systemic 
inflammation may result from airway inflammation, 
these studies highlighted a host inflammatory response in 
bronchiectasis exacerbation.

Although bronchiectasis is historically considered 
a neutrophilic lung disease, eosinophilic inflammation 
is increasingly recognised in bronchiectasis. A recent 
European multicentre study analysing 1,007 patients with 
bronchiectasis showed that 22.6% of them had blood 
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eosinophil counts of ≥300 cells/µL (39). Furthermore, to 
examine the relationship between eosinophil counts and 
exacerbations after adjusting for infection, this study assessed 
144 patients who received antipseudomonal antibiotics in a 
clinical trial. Compared with patients with blood eosinophil 
counts <100 cells/µL, elevated eosinophil counts of 100– 
299 cells/µL (HR, 2.38; 95% CI, 1.33–4.25; P=0.003) and 
300 cells/µL (HR, 3.99; 95% CI, 2.20–7.85; P<0.001) 
were associated with a shorter time to exacerbation (39). A 
further study confirmed and extended these observations by 
measuring blood eosinophil counts and fractional exhaled 
nitric oxide to define a type 2 inflammatory endotype (40). 
Incorporating fractional exhaled nitric oxide increased the 
proportion of patients with Th2 high bronchiectasis to 
30%. In this regard, more studies are needed to characterise 
eosinophilic bronchiectasis and to develop treatments 
targeting this population.

Environmental effects

In addition to pathogens and host inflammatory responses, 
environmental factors such as air pollution may be related 
to bronchiectasis exacerbations. Goeminne et al. performed 
a case-crossover analysis that included more than 6,000 
exacerbations from approximately 400 patients. This study 
revealed each 10 µg/m3 increase in ambient particulate 
matter particles <10 µm in diameter and nitrogen dioxide 
increased the risk of exacerbation on the same day (by 4.5% 
and 3.2%, respectively, reaching statistical significance) 
(14,41). Similarly, a Spanish study showed that a high 
concentration of sulphur dioxide was significantly associated 
with hospitalisation due to bronchiectasis exacerbation, 
even when controlling for the effect of temperature  
(P=0.008) (42). More data are needed to define which air 
pollutants are related to bronchiectasis exacerbation and 
the concentration of each pollutant sufficient to cause 
exacerbations.

Risk factors and the “frequent exacerbator 
phenotype”

Previous exacerbations

Considering that exacerbations are key events in the natural 
history of bronchiectasis, it is meaningful to find specific 
populations that are more vulnerable to exacerbations. 
A history of exacerbations should be discussed first. In a 
European cohort study of 2,572, the baseline exacerbation 

frequency was categorised into zero, one, two, or more 
than three per year, and long-term clinical outcomes for 
up to 5 years were observed (19). Interestingly, frequent 
exacerbations in the past were the strongest predictors of 
future exacerbation. The IRR for future exacerbation was 
1.73 (95% CI, 1.47–2.02; P<0.001) for one exacerbation 
per year, 3.14 (95% CI, 2.70–3.66; P<0.001) for two 
exacerbations per year, and 5.97 (95% CI, 5.27–6.78; 
P<0.001) for more than three exacerbations per year at 
baseline (19). Thus, the phenotype was relatively stable over 
time.

The concept of a frequent exacerbator phenotype in 
bronchiectasis is similar to that in COPD, which describes 
a patient group more susceptible to pulmonary exacerbation 
with no relation to lung function (43). We should pay 
attention to this bronchiectasis phenotype because 
frequent exacerbators have more frequent hospitalisations 
and increased 5-year mortality rates (19). Additionally, 
exacerbations are the second most concerning aspect of 
bronchiectasis from the patient’s perspective as reported in 
a European survey (44). Exacerbations are also associated 
with poorer quality of life (QoL) (45). Thus, preventing 
exacerbations is of paramount importance in bronchiectasis 
management, which will be discussed later.

Chronic Pseudomonas infection

Along with the frequent exacerbator phenotype, the  
P. aeruginosa phenotype in bronchiectasis is well known for 
its distinct clinical picture (46). A meta-analysis pooled data 
from 21 observational cohort studies that compared patients 
with and without P. aeruginosa colonisation (n=3,683). 
The study showed that P. aeruginosa was associated with 
increased exacerbations (mean difference, 0.97 per year; 
95% CI, 0.64–1.30; P<0.001), hospital admissions (OR, 
6.57; 95% CI, 3.19–13.51; P<0.001) and mortality (OR, 
2.95; 95% CI, 1.98–4.40; P<0.001) (47). As P. aeruginosa 
colonisation is associated with frequent exacerbations and 
other markers of disease severity (22,47), international 
guidelines have focused on the eradication and suppression 
of the pathogen (48,49). The relevant inhaled antibiotic 
therapy is reviewed below.

Comorbid airway diseases

When bronchiectasis is coupled with airway disease, the risk 
of exacerbation increases. In a Chinese study of 249 patients 
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with only bronchiectasis and 214 with both bronchiectasis 
and asthma, the presence of asthma was independently 
associated with bronchiectasis exacerbation (OR, 2.60; 95% 
CI, 1.15–5.88; P=0.021) (50). Efforts have been made to 
define the association between COPD and bronchiectasis, 
because the interaction between the two diseases is complex 
(51,52). Despite this complexity, patients with COPD-
associated bronchiectasis have an increased frequency of 
exacerbation compared to those with bronchiectasis not 
associated with COPD across multiple cohorts (19,53). 
In a European cohort study of 2,572 patients with 
bronchiectasis, COPD was independently associated with 
future exacerbation frequency during up to 5 years of 
follow-up (IRR, 1.43; 95% CI, 1.22–1.67; P<0.001) (19).

Other risk factors for exacerbations

Patients with bronchiectasis are often elderly and 
multimorbid, and a higher frequency of exacerbations 
has been shown to be associated with a higher frequency 
of co-morbid illnesses (54). Bronchiectasis has many 
underlying causes and those carrying a higher risk of 
exacerbation as well as other worse outcomes include 
rheumatoid arthritis, ulcerative colitis/inflammatory bowel 
disease, immunodeficiency and allergic bronchopulmonary 
aspergillosis. The fact that diseases associated with 
a high inflammatory burden or dysregulation of the 
immune response points to inflammation as a key driver 
of exacerbation risk. Gastrooesophageal reflux has been 
reported to contribute to exacerbation risk as has chronic 
rhinosinusitis (55). Anxiety and depression are common in 
this population and is also a risk factor. Exacerbations are 
a worsening of daily symptoms and so it is not surprising 
that worse daily symptoms are a risk factor for exacerbation. 
A study by Gao et al. showed that exacerbation risk 
increases 10% for each 10 units increase in the St. George’s 
Respiratory Questionnaire (SGRQ), a validated QoL 
questionnaire (56).

Management of acute exacerbations

Antibiotic treatment

Antibiotics are the mainstay treatment for bronchiectasis 
exacerbat ions  and are  a l so  recommended by the 
international bronchiectasis guidelines (48,49). The 
rationale for using antibiotics is that antibiotic treatment 
reduces bacterial load, thereby reducing symptoms and 

airway and systemic inflammation in bronchiectasis (21). 
In a UK study including 385 patients with bronchiectasis, 
there was a direct relationship between bacterial load and 
the risk of subsequent exacerbations (OR, 1.20; 95% CI, 
1.11–1.29; P<0.001) and severe exacerbations (OR, 1.11; 
95% CI, 1.11–1.21; P=0.02) (21). A UK study evaluating 
the impact of 14 days of intravenous antibiotics showed 
that antibiotic treatment reduces 24-hour sputum volume, 
exercise capacity, symptoms measured on the SGRQ 
score and reduced systemic inflammation. Interestingly, 
forced expiratory volume in 1 second is not improved with 
antibiotics in contrast to cystic fibrosis (57). Based on expert 
opinion, the length of the antibiotic course is recommended 
to be 14 days. An antibiotic course of 14 days should always 
be administered to patients infected with P. aeruginosa. 
However, shorter courses may suffice in cases of mild 
exacerbations or a rapid return to baseline condition (48,49).

Because the length of antibiotics has limited evidence, 
a recent proof-of-concept RCT evaluated this issue (58). 
This study aimed to assess whether it is feasible to shorten 
intravenous antibiotics during exacerbations based on 
bacterial load, and whether 14 days of treatment is superior. 
A total of 47 patients were in the 14-day group and 43 
were in the bacterial load-guided group; 88% of patients 
in the bacterial load-guided group could stop antibiotics 
by day 8. The authors concluded that there was a non-
significant trend for increased clinical improvement by 
day 21 with 14 days of antibiotics compared to bacterial 
load-guided therapy; however, paradoxically, there was a 
prolonged time to exacerbation in the bacterial load-guided 
group who received less antibiotics (58). Further studies are 
needed to elucidate the optimal duration of antibiotics in 
bronchiectasis exacerbations.

Three points should be considered regarding antibiotics. 
First, antibiotics should be chosen according to sputum 
cultures taken either at the start of exacerbation or 
previously isolated. Empirical antibiotics can be initiated 
while awaiting sputum microbiology (49). If there is 
no information on sputum microbiology, clinicians can 
choose antibiotics based on local data to evaluate common 
pathogens found in patients with bronchiectasis (11).  
Second, the British Thoracic Society Guideline for 
bronchiectasis in adults recommends that suitable patients 
should have antibiotics to keep at home as part of a self-
management plan (49). This strategy guarantees the 
prompt treatment of exacerbations, but is not universally 
implemented due to concerns about antibiotic overuse. 
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Finally, it is likely that not all exacerbations require 
antibiotic treatment as molecular methods do not identify 
bacteria in all cases. Some symptom worsening may be 
managed with intensified airway clearance. Further research 
is needed to clarify whether some exacerbation events could 
be treated without antibiotics.

Other measures

An RCT exploring the long-term benefits of airway clearance 
technique (ACT) in bronchiectasis identified its potential 
role in the management of acute exacerbation, although 
only one study covered a duration of 12 months (59). 
Although there is no clear evidence regarding this issue, 
there are a few systematic reviews of interest. A systematic 
review including six studies with 120 patients revealed 
that all ACT appeared safe for adult patients with 
bronchiectasis experiencing an acute exacerbation, with no 
adverse reactions reported (60). Another systematic review 
including seven studies with 105 patients concluded that 
the role of ACT in acute exacerbation of bronchiectasis is 
unknown in relation to its clinical effects; however, in view 
of the chronic nature of bronchiectasis, additional data may 
be needed to accurately establish its effect (61). Regarding 
pulmonary rehabilitation, a pilot RCT compared pulmonary 
rehabilitation (n=9) to standard care (n=18) in exacerbated 
patients after completing antibiotic treatment. This study 
revealed that the time to the next exacerbation was not 
significantly different (HR, 0.83; 95% CI, 0.31–2.19; P=0.7) 
between the two groups (62). Taken together, ACT and 
pulmonary rehabilitation may have limited roles in the 
management of acute bronchiectasis exacerbation, but ACT 
can be continued safely in patients with bronchiectasis, even 
in exacerbation.

Prevention

Concept of vicious vortex and treatable traits

The pathophysiology of bronchiectasis has recently been 
understood as a vicious vortex. Impaired mucociliary 
clearance and retention of airway secretions along with 
airway inflammation disrupt normal host defences, 
rendering the airway susceptible to infection. The three 
key components—impaired mucociliary clearance, airway 
infection and inflammation—lead to airway structural 
damage in a persistent and progressive manner over  
time (63). Therefore, frequent exacerbations result in disease 
progression and high mortality (19). Hence, clinicians 

should intervene in one or all of these key components 
with the goal of reducing exacerbations. Patients may have 
multiple risk factors for exacerbation, many of which are 
treatable. These characteristics are referred to as treatable 
traits, including pulmonary and non-pulmonary traits. 
Optimal management includes addressing all possible 
risk factors in a multidisciplinary manner. Figure 2  
summarises managements targeting treatable traits to 
prevent bronchiectasis exacerbation.

Mucoactive therapy

Regular airway clearance has been shown to reduce 
exacerbations, most recently in a 12-month RCT. All 
patients with bronchiectasis should be encouraged to 
practice airway clearance (59). Clinical trials investigating 
mucoactive therapy to prevent exacerbations have not 
given conclusive results. A RCT assessed the impact of 
inhaled mannitol on the exacerbation rates in patients 
with bronchiectasis. This study compared 233 patients in 
the mannitol group (mannitol 400 mg inhaled twice daily 
for 12 months) with 228 patients in the control group. 
The exacerbation rate, a primary study endpoint, was 
not significantly reduced by mannitol [rate ratio (RR), 
0.92; P=0.31], although the time to first exacerbation was 
increased in the mannitol group (HR, 0.78; P=0.022) (64).  
Another RCT assessed the efficacy of inhaled 6% 
hypertonic saline (n=20) versus isotonic saline (n=20) 
administered daily for 12 months in patients with 
bronchiectasis. The exacerbation rate at 12 months was 
similar in both groups, although clinically significant 
improvements in QoL were observed in both groups (65). 
The lack of a control group makes interpretation difficult 
because normal saline may have beneficial effects.

Despite the unsuccessful results of clinical trials, 
we emphasise that a specific proportion of frequent 
exacerbators may benefit from mucoactive therapy. Gao 
et al. performed a post-hoc analysis of the aforementioned 
inhaled mannitol study (56,64). The authors hypothesised 
that exacerbation reduction would only be evident in highly 
symptomatic patients using inhaled mannitol. Symptom 
burden was measured using SGRQ. Interestingly, inhaled 
mannitol treatment improved the time to first exacerbation 
(HR, 0.56; 95% CI, 0.40–0.77; P<0.001), and the rate of 
patients remaining exacerbation-free for 12 months was 
higher in the mannitol group than in the control group 
(32.7% vs. 14.6%; RR, 2.84; 95% CI, 1.40–5.76; P=0.003), 
only in highly symptomatic patients. However, no benefit 
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was evident in patients with lower symptom burdens (56). 
This supports the treatable traits concept that patients are 
likely to benefit from mucoactive therapy only if they have 
severe mucus symptoms.

Inhaled antibiotics

As previously noted, chronic infection, particularly with P. 
aeruginosa is associated with worse outcomes (13,15,22,47). 
Thus, the international guidelines recommend inhaled 
antibiotics to eradicate and suppress P. aeruginosa in 
frequent exacerbators (48,49). A meta-analysis of 16 
trials with 2,597 patients showed that inhaled antibiotics 
significantly reduced the frequency of all exacerbations (RR, 
0.81; 95% CI, 0.67–0.97; P=0.020) and severe exacerbations 
(RR, 0.43; 95% CI, 0.24–0.78; P=0.005). Furthermore, the 
time to first exacerbation was significantly prolonged (HR, 
0.83; 95% CI, 0.69–0.99; P=0.015) (66). This meta-analysis 
suggests the efficacy of inhaled antibiotics in preventing 
exacerbation of bronchiectasis despite heterogeneity 
between trials.

Individual trials demonstrate conflicting results in the 
efficacy of inhaled antibiotics. RESPIRE 1, a phase III RCT 

of ciprofloxacin dry powder inhalation, showed an apparent 
reduction in exacerbations in the 14-day intervention arm, 
but not in the 28-day arm (67). In addition, the RESPIRE 
2 trial did not show the effect of ciprofloxacin dry powder 
inhalation in reducing exacerbation of bronchiectasis (68). 
These conflicting results may be due to patient selection 
and lack of statistical power (15). Several trial programmes 
have shown conflicting results between replicate phase III 
studies. It is likely that only a subset of patients responds to 
inhaled antibiotics, but no definitive clinical parameter or 
biomarker has so far been identified. A secondary analysis 
of two phase III trials of inhaled aztreonam found improved 
symptoms in patients with high bacterial loads (69). Inhaled 
antibiotics seem to improve cough and sputum in particular. 
Symptoms worsen during “off periods” when antibiotics 
are administered 28-day on and 28-day off suggesting 
continuous administration may achieve better disease 
control (70,71).

Long-term macrolide treatment

The international bronchiectasis guidelines recommend 
long-term macrol ides  for  f requent  exacerbators 

Figure 2 Management targeting treatable traits to prevent bronchiectasis exacerbations. IL, interleukin.
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without chronic P. aeruginosa infection (48,49). The 
recommendations are based on three RCTs showing 
the impact of long-term macrolides on the reduction 
of bronchiectasis exacerbations (72-74). Following the 
publication of the guidelines, an individual patient meta-
analysis including the previous three trials (n=341) showed 
that macrolides reduced the frequency of exacerbation 
(IRR, 0.49; 95% CI, 0.36–0.66; P<0.001) and prolonged the 
time to first exacerbation (HR, 0.46; 95% CI, 0.34–0.61; 
P<0.001) (75). The effect of macrolides was observed in all 
subgroups; notably, a high level of benefit was observed in 
patients with P. aeruginosa infection (IRR, 0.36; 95% CI, 
0.18–0.72; P=0.004) (75).

Two points regarding long-term macrolide treatment 
require considerations. First, the benefit of long-term 
macrolides seemed greater in patients with bronchiectasis 
with P .  aeruginosa  infect ions  than in the overal l 
bronchiectasis population. This is thought to be due to 
the anti-inflammatory properties of macrolides, although 
it is also possible that macrolides have effects on other 
constituents of the microbiome or on quorum sensing in 
P. aeruginosa (75). Future bronchiectasis guidelines may 
consider macrolides as the first-line drug for frequent 
exacerbators, regardless of the presence of P. aeruginosa 
infection. Second, it is important to remember the potential 
side effects of macrolides, including an increased risk of 
cardiovascular complications (76) and macrolide-resistant 
non-tuberculous mycobacterial (NTM) infection (77). 
Considering that macrolide-resistant NTM pulmonary 
disease is difficult to treat, it is important to collect sputum 
samples for NTM culture in patients with bronchiectasis 
being considered for long-term macrolide treatment (78,79).

Anti-inflammatory therapy

A novel drug that directly targets neutrophilic inflammation 
in bronchiectasis is currently under development. Increased 
neutrophil elastase activity in the sputum is closely related 
to future exacerbation risk in patients with bronchiectasis, 
which indicates that neutrophilic inflammation in 
bronchiectasis reflects disease activity (35). Brensocatib 
is an oral reversible inhibitor of dipeptidyl peptidase 1 
(DPP1). By inhibiting DPP1, neutrophils are released from 
the bone marrow with reduced levels of active neutrophil 
elastase and other neutrophil serine proteases, thereby 
reducing inflammation (80). The WILLOW phase II RCT 
enrolled patients with bronchiectasis in a 1:1:1 ratio to 
receive placebo (n=87), 10 mg brensocatib (n=82) or 25 mg 

brensocatib (n=87) for 24 weeks. As a primary endpoint, 
brensocatib prolonged the time to first exacerbation at  
10-mg (HR, 0.58; 95% CI, 0.35–0.95; P=0.03) and 25-mg 
(HR, 0.62; 95% CI, 0.38–0.99; P=0.046) compared with 
placebo (81). Significant reductions in sputum neutrophil 
elasatase were also observed. This therapy is now in phase 
III trials.

Inhaled corticosteroids (ICS) are the most widely 
used anti-inflammatory drugs in current clinical practice. 
However, international guidelines do not recommend 
ICS in the overall bronchiectasis population, but only in 
patients with bronchiectasis with specific comorbidities (e.g., 
asthma, allergic bronchopulmonary aspergillosis) (48,49). 
As approximately 20% of patients with bronchiectasis 
were identified as having the eosinophilic endotype (39), 
we may need to reassess the role of ICS in bronchiectasis. 
Aliberti et al. performed a post-hoc analysis of a RCT 
to investigate whether patients with bronchiectasis with 
high eosinophil counts (≥3% or ≥150 cells/µL) showed 
improved QoL in the high eosinophil subgroup treated with  
ICS (82). Although the primary outcome of the study 
was QoL, future research is warranted to evaluate the 
role of ICS in preventing exacerbation of eosinophilic 
bronchiectasis. In addition, anti-IL-5 or anti-IL-5 
receptor monoclonal antibodies were used to treat severe 
eosinophilic bronchiectasis in a German case series, which 
demonstrated marked improvements in the exacerbation 
rate, QoL and lung function (83). The recognition of 
inflammatory endotypes of bronchiectasis has led to 
several phase III trials of anti-inflammatory drugs in the 
disease, including brensocatib (ClinicalTrials.gov Identifier: 
NCT04594369) and benralizumab (NCT05006573) which 
are ongoing at the time of writing.

Conclusions

The mechanisms underlying bronchiectasis exacerbation are 
complex. The causes of exacerbations and recurrent events 
may differ between patients with bronchiectasis and those 
with multiple episodes in one patient. Although recent 
studies have characterised frequent exacerbator phenotype 
and enhanced our understanding of various aspects of 
exacerbations, future research is needed to better manage 
and prevent exacerbations in patients with bronchiectasis.
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