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Abstract

Bronchiectasis presents a significant challenge due to its rising prevalence, associated economic burden
and clinical heterogeneity. This review synthesises contemporary understanding and literature of
bronchiectasis exacerbations, addressing the transition from stable state to exacerbations, underlining the
importance of early and precise recognition, rigorous severity assessment, prompt treatment, and
prevention measures, as well as emphasising the need for strategies to assess and improve early and long-
term patient outcomes. The review highlights the interplay between stable state phases and exacerbations in
bronchiectasis, introducing the concept of “exogenous and endogenous changes in airways homeostasis”
and the “adapted island model” with a particular focus on “frequent exacerbators”, a group of patients
associated with specific clinical characteristics and worse outcomes. The pathophysiology of exacerbations
is explored through the lens of microbial and nonmicrobial triggers and the presence and the activity of
comorbidities, elaborating on the impact of both exogenous insults, such as infections and pollution, and
endogenous factors such as inflammatory endotypes. Finally, the review proposes a multidisciplinary
approach to care, integrating advancements in precision medicine and biomarker research, paving the way
for tailored treatments that challenge the traditional antibiotic paradigm.

Introduction

Bronchiectasis is a chronic respiratory disease characterised by irreversible airways dilation, chronic
inflammation and impaired mucus clearance [1]. Clinical features of bronchiectasis include daily
productive cough, dyspnoea, fatigue and increased susceptibility to respiratory tract infections [1, 2].
Bronchiectasis is a heterogeneous disease and, in recent years, international registries have informed the
scientific community about patient demographics, clinical characteristics, comorbidities and microbiology
across different geographical regions [3].

The occurrence and prevalence of bronchiectasis are increasing, especially among the elderly population [4].
Prevalence estimates range up to 566 cases per 100 000 people in the UK [4]. In a Belgian prospective
cohort study, overall mortality in bronchiectasis patients was 20.4% in a 5-year follow-up [5]. The
economic burden of bronchiectasis is far from insignificant: total annual healthcare costs per adult patient
reach up to 82 000 USD, driven predominantly by exacerbations and hospitalisations [6].

Bronchiectasis encompasses stable state phases interspersed with phases of acute worsening of signs and

symptoms, in line with other chronic airway diseases (CADs) such as asthma and COPD [1, 2]. Landmark
studies on CADs have shown that repeated exacerbations lead to faster lung function decline and higher
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mortality [7-10]. Additionally, the frequency and the severity of exacerbations are indicative of the
effectiveness of disease control measures, highlighting the need for tailored treatment strategies to mitigate
exacerbation risk and optimise long-term outcomes. In bronchiectasis, exacerbations have also been
associated with increased mortality, impaired lung function and worsening quality of life [11-14]
(figure 1). From a clinical perspective, the rate of exacerbations as well as the interval between them are
evaluated as markers of bronchiectasis severity, activity and control. From a research perspective,
exacerbations are recognised as the primary end-points in clinical trials [2].

Data from the European Bronchiectasis Registry (EMBARC) showed that over a third of patients across all
regions can be identified as frequent exacerbators (defined as three or more exacerbations per year) [3].
Exacerbations are significant events in the clinical course of the disease and represent integral components
of severity scoring systems such as the bronchiectasis severity index (BSI) and the E-FACED score
(exacerbation—frequency, age, chronic infection and dyspnoea) [13, 14]. These scoring systems serve as
valuable tools for clinicians in evaluating prognosis and guiding management of bronchiectasis patients.

This review will primarily focus on exacerbations in adults with bronchiectasis. We conducted a thorough
and expansive search of the literature to ensure that all significant studies related to this topic were covered.
We explore the complex interplay between stable state phases and exacerbations, introducing the concepts
of “exogenous and endogenous homeostasis” and the “adapted island model” during exacerbation in the
universe of bronchiectasis, as well as clinical manifestations and diagnostic challenges, providing useful
tips for management and therapeutic interventions.

Methods

To conduct this review, we searched electronic databases, including PubMed, Embase and Scopus, from
January 1980 up to April 2024. We used the following combination of keywords: “bronchiectasis”,
“exacerbations” and “management”. The search was limited to articles published in English. With this
approach, we tried to cover the literature related to the exacerbations of bronchiectasis as comprehensively
as possible.

From suspicion to diagnosis of bronchiectasis exacerbation

Bronchiectasis presents a spectrum of clinical manifestations that vary not only between individuals but
also within the same patient, even during the stable state. Some individuals exhibit typical symptoms such
as chronic cough and daily sputum production, while others may present with less common manifestations
such as wheezing, fatigue or other symptoms [1, 2]. Factors contributing to this heterogeneity of signs and
symptoms include the underlying bronchiectasis aetiology, sudden changes in lung microbiome and/or
homeostasis, and the presence/activity of comorbidities [15].
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FIGURE 1 Disease decline and exacerbations in the natural history of bronchiectasis. a) Trajectory of lung function over time in bronchiectasis. The
decline in lung function is associated with the occurrence of both mild/moderate and severe exacerbations. b) Oscillation between stable states
and exacerbations over time, the influence of triggers and the impact of protective factors and interventions on maintaining overall lung health
and raising the threshold for exacerbations.
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The heterogeneous nature of bronchiectasis is also evident when looking at the different ways
exacerbations can occur across different patients. Various definitions of bronchiectasis exacerbations have
been proposed over the years for both clinical and research purposes, as shown in table 1. Typically,
bronchiectasis exacerbations are marked by the sudden appearance or worsening of symptoms, prompting
an adjustment in respiratory therapy or the start of a specific treatment (e.g. antibiotics).

One reason explaining heterogeneity during bronchiectasis exacerbations might be coexistence with other
CAD [3]. The two most recent analyses from the EMBARC registry revealed that 31% of bronchiectasis
patients have a diagnosis of asthma, while 25% have COPD, highlighting significant overlap between these
respiratory conditions [16, 17]. This co-existence not only significantly complicates the overall clinical
picture in stable phases but also influences the frequency, severity and clinical characteristics of
exacerbations, with an impact on overall patient health and treatment approaches [16, 17]. In patients with
multiple CADs, distinguishing the role of each disease in characterising exacerbations poses a considerable
challenge due to substantial overlap in clinical manifestations (increased cough, wheezing, dyspnoea and
sputum modifications); however, it is uncertain whether it might change clinical management. As evidence
of this, current definitions of exacerbations in bronchiectasis, asthma and COPD largely coincide, as shown
in table 1 [18-20].

Among less frequent manifestations of bronchiectasis exacerbations, haemoptysis is a concerning
complication. Severity can range from mild to massive and management ranges from domiciliary oral
tranexamic acid to bronchial artery embolisation in urgent settings [21]. A recent single-centre
observational prospective study from Seo et al. [22] found that bronchiectasis patients hospitalised with
haemoptysis only and no signs of pulmonary or systemic sepsis had a lower bronchiectasis severity
(measured by BSI and FACED), a lower rate of Pseudomonas (P.) aeruginosa infection and lower
short-term mortality compared to those hospitalised due to an infective complication.

Moving from clinical phenotypes to endotypes, bronchiectasis patients have been clustered during stable
states based not only on clinical features (phenotypes) [23] but also on molecular pathways of
inflammation (endotypes) [24]. By extending this approach to exacerbations, it is possible that distinct
clinical and inflammatory profiles could emerge among exacerbating patients, potentially unrelated to their
stable state characteristics.

Bronchiectasis exacerbations are currently identified as primary end-points in the majority of phase IT and
III clinical trials. A specific definition of bronchiectasis exacerbation for clinical trials was developed in
2017 through a large expert consensus and includes deterioration in three or more pivotal symptoms for at
least 48 h (table 1) [2]. Previous studies employed slightly different criteria for defining bronchiectasis
exacerbations [25]; therefore, such differences might have influenced previous data analyses. This global
definition of bronchiectasis exacerbation was introduced to standardise criteria for clinical research and
improve the comparability of study outcomes by providing a clear and actionable framework for
identifying exacerbations.

TABLE 1 Current definitions of exacerbation for bronchiectasis, asthma and COPD

Bronchiectasis Asthma COPD

HiL [2] Progressive increase in dyspnoea, cough, Dyspnoea and/or cough and
Deterioration in three or more key symptoms for at least 48 h* wheezing or chest tightness, accompanied sputum that worsen over
SEPAR by a decline in lung function [18] <14 days [19, 20]

Sustained clinical deterioration characterised by an increase in
the usual cough and changes in the sputum characteristics
(purulence, volume or viscosity), which may be accompanied
by a change in other symptoms, changes in the respiratory
examination or in patient’s usual treatment or a significant
decline in lung function [92]

BTS

Deterioration with worsening local symptoms such as cough,
increased sputum volume or change in viscosity, with or
without worsening of other symptoms [37]

*: This definition has been developed for clinical trials. BTS: British Thoracic Society; SEPAR: Sociedad Espafiola de Neumologfa y Cirugia Tordcica.

https://doi.org/10.1183/16000617.0085-2024 3



EUROPEAN RESPIRATORY REVIEW

BRONCHIECTASIS | A. DE ANGELIS ET AL.

While Hiir’s [2] definition provides a solid framework for identifying exacerbations, it lacks validation
studies and may not reflect patients’ personal experiences in real life. To overcome these issues, innovative
tools that accurately reflect the patient’s disease experience have been designed. The bronchiectasis
exacerbation diary (BED) and the bronchiectasis exacerbation and symptom tool (BEST) are both designed
to monitor exacerbations and daily symptoms as reported by patients themselves (patient-reported
outcome). However, they were developed with different focuses and methodologies [26, 27]. The BED is
an eight-item tracking system that aims to capture the variability of symptoms and the impact of
exacerbations more qualitatively, whereas the BEST provides a structured approach for symptom
monitoring with a scoring system, offering a more quantitative measure of exacerbation severity.

The “frequent exacerbator” bronchiectasis phenotype

CHALMERS et al. [28] defined the “frequent exacerbator phenotype” (three or more exacerbations per year)
in bronchiectasis which is associated with worse disease outcomes, including poorer quality of life and
increased mortality. The authors also identified that factors such as Haemophilus (H.) influenzae and
P. aeruginosa infection, low forced expiratory volume in 1 s (FEV,), radiological severity, and coexisting
COPD independently predict future exacerbation frequency. This phenotype shares similarities with those
identified in COPD and asthma. The work from HursT et al. [29] is well-known for its insights into the
frequent exacerbator phenotype in COPD (two or more exacerbations per year), illustrating that severity of
disease and history of exacerbations were the major predictors for new exacerbations. Furthermore, factors
independently associated with exacerbations in this study were gastroesophageal reflux disease (GERD)
and worse lung function. In asthma, frequent exacerbations are often associated with daily poor symptom
control, medication noncompliance and environmental triggers [10]. Having had one or more exacerbations
puts the patient at risk for future exacerbations, suggesting this phenotype exists also in asthmatic people.
Factors underlying the frequent exacerbator phenotype in asthma are cigarette smoking, GERD, chronic
rhinosinusitis and obesity [30]. Interestingly, although the “frequent exacerbator” phenotype is
acknowledged across the three different CADs (bronchiectasis, asthma and COPD), the specific number of
exacerbations needed vary by disease. Finally, according to Arauio et al. [31], the presence of
P. aeruginosa infection further increases mortality in patients with bronchiectasis experiencing two or
more exacerbations per year. However, it is unknown whether patients with P. aeruginosa have more
exacerbations or whether frequently exacerbating patients have a poor prognosis, with frequent antibiotic
courses leading to P. aeruginosa infection and poor outcomes.

The pathophysiology of bronchiectasis exacerbations

The “vicious cycle” model from Core [32] describes how, regardless of underlying aetiology, four
mechanisms contribute to bronchiectasis disease progression, namely recurrent and chronic bacterial
infection, chronic airways inflammation, impaired mucociliary clearance, and structural lung damage. This
model was subsequently updated to the “vicious vortex” as it was recognised that, rather than occurring
sequentially, there is interaction and interdependence between these mechanisms, so targeting one
component alone cannot simply halt the cycle [33]. Frequent exacerbations can accelerate the vicious
vortex, leading to progressive structural lung damage and clinical decline [34]. Identifying exogenous and
endogenous triggers that disrupt the patient’s homeostasis and predispose to exacerbations may be
important to guide treatment.

Exogenous triggers of exacerbations

Acute and chronic bacterial infection are known triggers for bronchiectasis exacerbations. The most
common bacteria cultured in sputum from bronchiectasis patients include P. aeruginosa, H. influenzae,
Moraxella catarrhalis, Enterobacteriales, Staphylococcus aureus and Streptococcus pneumoniae [3, 35].

However, many of these bacteria are also cultured during stable state; thus, positive sputum culture alone is
not a diagnostic criterion for exacerbations [36, 37]. Furthermore, novel culture-independent
microbiological techniques, including DNA and rRNA sequencing, have demonstrated the complexity of
the respiratory microbiome beyond individual cultured pathogens, even during exacerbations [38, 39]. The
“adapted island model” provides a more nuanced understanding of these dynamics and describes how lung
microbiological homeostasis is determined by a balance between microbial immigration and elimination
processes, with strong interconnections between upper and lower airways and the gut [39, 40]. In
bronchiectasis, this delicate balance may be easily disrupted by features of the vicious vortex, including
architectural airway distortion, impaired mucociliary clearance and altered local immunity [38, 39, 41], as
well as potentially many other endogenous and exogenous triggers (see figure 2).
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FIGURE 2 “Adapted island model” and the “vicious vortex/cycle” in bronchiectasis pathophysiology. This figure
illustrates the dynamic homeostasis of lung inflammation, likened to an “island”, affected by both exogenous
factors such as infections and pollution, and endogenous factors including underlying diseases and immune
responses. One or more triggers may destabilise these interactions leading to exacerbations. These factors are
also grouped according to the aspect of the vortex/island to which they predominantly relate. GERD:
gastroesophageal reflux disease; P.: Pseudomonas.

Several studies have shown that the composition of the microbiome does not change significantly during
or after treatment for exacerbations. Instead, dysregulation or “dysbiosis” of the microbiome is associated
with exacerbation frequency [38, 42—44].

A case in point is P. aeruginosa, whose occurrence in sputum is associated with a higher risk of
exacerbations and severe exacerbations requiring hospitalisation [31, 45]. Studies using 16S rRNA
sequencing have further demonstrated that the predominance of proteobacteria, particularly P. aeruginosa,
is associated with reduced microbiome diversity and a consequent increased exacerbation risk [43, 46, 47].
P. aeruginosa also affects other aspects of the bronchiectasis vicious vortex by activating inflammatory
mediators, such as interleukin-1f, and stimulating mucin secretion, leading to mucus hyperviscosity and
reduced mucociliary clearance [48, 49].

Antibiotics used to treat or prevent exacerbations may also alter the lung microbiome [38]. Post hoc
analysis of the BLESS randomised controlled trial (RCT) showed that erythromycin treatment altered the
microbiome with displacement of H. influenzae by macrolide-tolerant pathogens such as P. aeruginosa [50],
which is one of many bacteria capable of virulence adaptations conferring resistance to antibiotic
treatment [51]. Multidrug-resistant organisms are common in bronchiectasis and are associated with more
severe exacerbations and higher mortality, both in prospective and retrospective analyses [52, 53].

There is a need for more studies investigating viruses in bronchiectasis exacerbations, but current evidence
suggests they play a significant role [54]. A Spanish prospective observational multicentre study by
PoLveriNO et al. [55] comparing bronchiectasis exacerbations with and without pneumonic changes on
chest X-ray found that respiratory viruses accounted for 19.4% of pneumonic exacerbations and 29% of
nonpneumonic exacerbations. Other studies demonstrated viral infection in 14.5-49% of exacerbations.
Rhinovirus, influenza A and B, and respiratory syncytial virus (RSV) were the most common viruses
isolated [55-58].

During the coronavirus disease 2019 (COVID-19) pandemic, studies in the UK and USA demonstrated an
over 40% reduction in bronchiectasis exacerbations, likely due to public health measures leading to reduced
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circulation of viruses, confirming the hypothesis that some bronchiectasis exacerbations are related to external
exposure [59, 60]. On the other hand, bronchiectasis patients who did contract COVID-19 were at risk of
more severe COVID-19 and of increased exacerbation frequency during a 12 month follow-up [61-63].

Fungi are also implicated in the pathophysiology of exacerbations. The Cohort of Matched Asian and
European Bronchiectasis study characterised the respiratory mycobiome in 238 bronchiectasis patients and
found Aspergillus sensitisation and colonisation, and serological allergic bronchopulmonary aspergillosis
(ABPA) were associated with increased exacerbations [64]. In addition to their individual contributions,
interactions between the respiratory virome, mycobiome and microbiome in bronchiectasis exacerbations
are a growing area of study with potential to reveal new treatment approaches [47].

There is evidence that air pollution triggers bronchiectasis exacerbations. In a study of 432 patients,
GOEMINNE et al. [65] found an 11.2% increased exacerbation risk associated with a 10 pg'm_3 increase in
particulate matter particles <10 pm in diameter and a 4.7% increase per 10 pg-m™> nitrogen oxide.
Subsequent studies in Spain, China and Seoul have also shown a link between air pollutants, exacerbations
and increased healthcare utilisation in bronchiectasis [66—68].

Lastly, recent research suggests that nutrition may play a significant role in bronchiectasis through its
impact on the immune system and the gut-lung axis [69, 70]. In particular, malnutrition should be
considered a critical concern/comorbidity, as it can lead to impaired airways epithelium barrier function,
decreased cellular immunity and antibody production, thereby increasing the vulnerability to bacterial and
viral infections that can trigger exacerbations in bronchiectasis patients [71, 72].

Endogenous triggers of exacerbations

Bronchiectasis is an inflammatory disease and distinct inflammatory endotypes have been linked to
exacerbation risk. Neutrophilic inflammation is the most well-studied inflammatory process underlying
exacerbations. Neutrophil elastase (NE), a protease released from the azurophil granules of activated
neutrophils, increases during exacerbations [73]. High baseline NE predicts an increased exacerbation risk,
reduced microbiome diversity and P. aeruginosa infection [74, 75]. NE is also reported to increase mucin
secretion, with implications for mucociliary clearance [76]. Neutrophil extracellular traps, webs of DNA
and granule contents released as part of a dysregulated neutrophilic response, also predict severe
exacerbations and are reduced by intravenous (i.v.) antibiotics [46].

A T2-high bronchiectasis endotype, distinct from comorbid asthma, has also been demonstrated. This
inflammatory endotype in bronchiectasis is associated with distinct microbiome profiles and blood
eosinophils >300 cells-uL.™" are associated with shortened time to first exacerbation following antibiotic
treatment for P. aeruginosa [77, 78].

Inflammatory endotypes may also explain the links between comorbid asthma and COPD and higher
exacerbation risk [16, 17]. Both asthma and COPD have neutrophilic and eosinophilic endotypes, which
may interact with the bronchiectasis vicious vortex [79, 80].

Further supporting the concept of the island model, the association of comorbid GERD and chronic
rhinosinusitis with increased exacerbations underscores the dynamic movement of microbial communities
into and out of the airways. This phenomenon may be attributed to dysphagia and associated
micro-aspiration, as evidenced in many studies demonstrating interactions between gastro—intestinal and
upper and lower airway microbiomes [38, 41, 81-83].

GERD can exacerbate bronchiectasis symptoms and increase exacerbation frequency [81]. Notably,
McDonnELL et al. [81] showed how azithromycin can modulate this effect, potentially by reducing the
inflammatory response induced by acid reflux in the airways. Furthermore, we can speculate that the
beneficial effects of azithromycin in this context might be partially due to its ability to enhance gastric
emptying, mitigating the reflux of gastric contents into the oesophagus and, subsequently, the airways.

These interactions underscore the importance of considering respiratory and nonrespiratory comorbid
conditions such as GERD and malnutrition in the comprehensive management of bronchiectasis, as well as
during an exacerbation.

Additionally, some evidence suggests dental health affects exacerbation risk in COPD, but this has not
been studied in bronchiectasis [84].

https://doi.org/10.1183/16000617.0085-2024 6
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Poor adherence to treatment, for both bronchiectasis and comorbid conditions, likely contributes to
exacerbations. McDonNELL et al. [85] showed that just 16% of patients were adherent to all three of
inhaled antibiotics, other respiratory medicines and airway clearance and that treatment nonadherence led
to increased exacerbations. Furthermore, McCurLoucH et al. [86] explored predictors of adherence to
treatment in bronchiectasis and found that concerns about medications and perceived necessity of
treatment, significantly influence adherence. Older age and fewer prescribed medications also predicted
better adherence, suggesting that interventions to improve adherence should consider both psychosocial
and demographic factors.

Endotyping bronchiectasis exacerbations

There is significant overlap between the exogenous and endogenous causes of exacerbations. Identifying
distinct endotypes that may respond to specific treatments has been a recent research focus. Integrating
inflammatory pathways and microbiome data, CHor et al. [24] identified four inflammatory clusters with
distinct microbiome and clinical profiles. Notably, clusters defined by severe neutrophilic inflammation and
mixed neutrophilic and T2 inflammation displayed a predominance of proteobacteria and were associated
with higher exacerbation risk. Similarly, the T2 predominant endotype or endotypes defined by coexistent
CAD may respond to targeted therapies. Ongoing research into endotypes and the biomarkers defining
them may aid future personalised therapies for bronchiectasis exacerbations [87].

Defining severity and site-of-care of bronchiectasis exacerbations

An important gap in bronchiectasis management is the lack of an instrument to assess exacerbation
severity. We know from other lower respiratory tract acute conditions, such as COPD exacerbations and
community acquired pneumonia (CAP), that having a risk tool to predict mortality is helpful to guide site
of care and treatment. A robust prediction tool in COPD exacerbations is the DECAF score [88, 89].
DECAF stands for dyspnoea, eosinopenia, consolidation, acidaemia and atrial fibrillation, which are the
variables that better predict the risk of adverse outcomes [88]. On the other hand, in CAP, the CURB-65
test only evaluates clinical parameters (confusion, urea level, respiratory rate, blood pressure and age 65 or
older), whereas the pneumonia severity index incorporates a wider range of clinical variables (including
comorbidities) to categorise patients into risk classes [90, 91]. These scores aid clinicians in making
informed decisions about patient care, including the need for hospital admission or intensive care, by
providing an objective assessment of the clinical picture. The absence of a severity score for bronchiectasis
exacerbations underscores the need for research and development in this area to improve patient outcomes
and care strategies. Currently, clinicians must rely on clinical judgment through evaluation of factors such
as respiratory failure, severity of haemoptysis, sepsis or systemic deterioration, and coexistence of new or
decompensated comorbidities (see figure 3) [92, 93].

The scientific and clinical communities agree that a bronchiectasis exacerbation leading to hospitalisation
should be considered severe. Hospitalisation due to bronchiectasis exacerbation has been recognised as a
major end-point in previous clinical trials [94]. Although this might be correct for most cases, some
bronchiectasis patients could be admitted with a mild-to-moderate exacerbation only because of the need
for i.v. antibiotics. Furthermore, the decision to admit a patient with acute exacerbation of bronchiectasis,
as in other conditions, is not always solely determined by clinical features. Factors such as healthcare
resources, social circumstances and caregiver support also influence the decision-making process.

Management strategies for bronchiectasis exacerbations are evolving and new approaches have been
explored to enhance patients’ quality of life and reduce healthcare costs. One notable option is the use of
outpatient parenteral antibiotic therapy (OPAT), which allows patients to receive i.v. antibiotics in an
outpatient setting. In 2019, Loprez-CortEs et al. [95] conducted a prospective observational cohort study
demonstrating that 94% of patients with bronchiectasis exacerbation who were treated under an OPAT
programme achieved resolution of exacerbation symptoms, with a significant reduction in hospital days
and, therefore, health costs.

Another important issue is to decide whether a patient with an exacerbation needs chest imaging to search for
consolidation, as bronchiectasis exacerbations and CAP share similar clinical features (see figure 3) [96].
PorveriNo et al. [55] compared 144 bronchiectasis patients with acute deterioration of symptoms with and
without a new radiological infiltrate to verify the clinical significance of differentiating between CAP and a
severe exacerbation. They found that CAP in bronchiectasis leads to more complications, such as atrial
fibrillation and pleural effusion, and had higher hospitalisation rates, despite similar in-hospital, 30- and
90-day and 1-year mortality rates. Patients with pneumonia also had higher rates of fever, leucocytosis and
high C-reactive protein (CRP); microbiologically, Streptococcus pneumoniae is the main cause of CAP,
while P. aeruginosa was the main isolate of nonpneumonic exacerbations.
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to severity assessment, followed by targeted treatment strategies and culminating in preventative measures to mitigate future exacerbations. ACT:
airway clearance technique; BEST: bronchiectasis exacerbation and symptom tool; CV: cardiovascular; i.v.: intravenous; OPAT: outpatient parenteral
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Investigations

Microbiological assessment is crucial during bronchiectasis exacerbations. Latest bronchiectasis guidelines
and quality standards suggest, where possible, using sputum or bronchioalveolar lavage and
nasopharyngeal swabs to detect bacterial and/or viral infection during acute exacerbations and before
commencing antibiotic therapy [37, 97].

Specific blood tests are not recommended by the latest guidelines during bronchiectasis exacerbations. In a
single-centre prospective study, Kwok et al. [98] enrolled 123 patients and found that an elevated serum
CRP level (>0.35 mg-dL™") at stable state was predictive of increased risks of bronchiectasis exacerbation
and hospitalisations. Unfortunately, CRP is nonspecific and increases in multiple inflammatory conditions
and therefore is not useful in guiding targeted treatment of exacerbations. On the other hand, given
increasing data supporting a T2-high bronchiectasis endotype, we can speculate that, as in asthma and
COPD where patients with eosinophilia or other markers of T2-high inflammation may benefit from
corticosteroid therapy, a similar approach could be explored in bronchiectasis exacerbations [8, 99, 100].

Identifying reliable biomarkers is crucial for an effective management of bronchiectasis exacerbation.
Studies by Goop et al. [101, 102] demonstrated that procalcitonin levels in sputum are significantly higher
than in serum during bronchiectasis exacerbations and elevated in stable bronchiectasis compared to
healthy controls.

According to current guidelines, every patient should also be educated on recognising early signals of
exacerbations, when and how to use medications (such as antibiotics and bronchodilators), lifestyle
modifications (such as increasing chest physiotherapy), and managing haemoptysis (see figure 3) [37].
This “self-management plan” is aimed at empowering patients to take an active role in managing
their condition.
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Treatment of bronchiectasis exacerbations
Exacerbations require immediate management and a comprehensive approach combining pharmacological
and nonpharmacological strategies (see figure 3).

Airway clearance techniques (ACTs)

ACTs are cornerstone interventions for managing bronchiectasis, as emphasised by British Thoracic
Society, Sociedad Espafiola de Neumologia y Cirugia Tordcica and European Respiratory Society
guidelines [36, 37, 92]. During exacerbations, frequency and/or duration of ACT sessions may need to be
increased. These techniques, including postural drainage, chest physiotherapy and positive expiratory
pressure, aim to clear mucus from the airways, thereby reducing bacterial load and inflammation. All chest
physiotherapy interventions should be tailored to the patient’s symptoms, physical capability and disease
characteristics. When a patient is experiencing an exacerbation, manual techniques can be employed to
improve the clearance of sputum.

Antibiotic therapy

Oral, inhaled or iv. antibiotics are used short-term for management of pulmonary exacerbation and
eradication purposes, or long-term as suppressive therapy for maintenance of lung health [103]. Eradication
refers to treatment with the intent to clear the airways of a pathogen and is only recommended for P.
aeruginosa infection based on expert consensus, with higher eradication rates achieved by combining
systemic and inhaled antibiotics [104].

Systemic antibiotics are a mainstay in the treatment of bronchiectasis exacerbations [36, 37, 92]. Nonetheless,
studies assessing the effectiveness of different antibiotics in treating exacerbations among adults are lacking.
Selection of an appropriate antibiotic (pathogen-directed therapy) should be guided by previous sputum
bacteriology findings. In the absence of specific sputum microbiology, clinicians can be guided by local
data on prevalent pathogens in bronchiectasis patients. To enhance diagnostic accuracy, it is recommended
that sputum for microbiological analysis be collected before beginning treatment during exacerbations.
Following identification of a pathogen, antibiotic therapy, referred to as targeted antibiotic therapy, should
be adjusted in the absence of clinical improvement, guided by the results of sensitivity testing.

Typically, a 14-day course of antibiotics is recommended, particularly for patients infected with
P. aeruginosa [36, 37, 92]. However, shorter durations may be adequate for nonsevere patients. Due to a
lack of strong evidence supporting specific antibiotic durations, a recent proof-of-concept RCT aimed to
determine the feasibility of reducing the length of i.v. antibiotic treatment during exacerbations depending
on bacterial load compared to a standard 14-day regimen [105]. It involved 47 patients receiving 14 days
of antibiotics and 43 patients where treatment duration was determined by bacterial load measurements; in
the latter group, 88% were able to discontinue antibiotics by the eighth day. The study noted a trend
towards greater clinical improvement by the twenty-first day with the 14-day regimen, although the
difference was not statistically significant. Intriguingly, the group with the bacterial load-guided shorter
antibiotic course experienced a longer interval before the next exacerbation [105].

In patients experiencing frequent exacerbations or those with persistent airway infection caused by
P. aeruginosa, there exists moderate-quality evidence supporting the recommendation for inhaled
antibiotics, for a duration of 3 months or longer [103]. While inhaled antibiotics are a staple in managing
stable bronchiectasis, they have no role in treating acute exacerbations.

Bronchodilators

For patients experiencing symptomatic airflow obstruction, use of long-acting beta-agonists and/or
anticholinergics is suggested [36, 37, 92]. Due to the lack of data regarding the use of bronchodilators in
the setting of exacerbations, their application is currently recommended for patients with coexisting CAD,
where bronchial hyperresponsiveness is a concern.

Corticosteroids

The use of corticosteroids, either systemic or inhaled, in bronchiectasis exacerbations is a topic of ongoing
debate. The CORTICO-COP and STARR2 trials recently showed that blood eosinophil-guided
corticosteroid therapy in COPD exacerbation is a valuable option [99, 100]; however, no RCTs or
observational studies regarding the use of systemic corticosteroids, either in stable conditions or during
exacerbations, exist in bronchiectasis. However, studies indicate a potential role for inhaled corticosteroids
(ICS) as a targeted treatment approach for eosinophilic exacerbations of bronchiectasis [106, 107].
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EUROPEAN RESPIRATORY REVIEW

BRONCHIECTASIS | A. DE ANGELIS ET AL.

Early and long-term outcomes in bronchiectasis exacerbations
Once treatment of bronchiectasis exacerbation is started, clinicians should be aware what clinical
consequences to expect, both in short- and long-term metrics.

Regarding early outcomes, time to clinical stability refers to the duration it takes for a patient to improve
and stabilise after initiation of treatment. However, a clear definition of clinical stability in bronchiectasis
exacerbation is not provided in either current international guidelines or literature. This early end-point is
critical for determining when the overall condition is coming under control, when it might be safe to
simplify therapy and, in the case of hospitalised patients, to consider discharge. In CAP, this concept is
well established by Harm et al.’s [108] criteria. On the other hand, clinical cure refers to resolution of
clinical symptoms and signs, indicating that the patient has recovered completely. In bronchiectasis
exacerbations, BriLL et al. [109] provided 32 bronchiectasis outpatients with symptom diary cards and
advised them to measure peak expiratory flow (PEF) during exacerbations. The median duration of
exacerbation symptoms was 16 days, during which mean PEF dropped significantly by 10.6%.
Interestingly, 16% had not fully recovered by 35 days. Something similar was observed in COPD patients
where median duration of exacerbation symptoms was 10 days and 7.3% of patients did not recover PEF
within 99 days [110].

Symptom resolution is a primary goal of treatment, but managing symptoms is only one aspect of care.
Successful treatment also involves preventing complications such as to hospital readmissions and mortality.

Interesting data regarding characteristics and outcomes of patients requiring hospitalisation for exacerbations
of bronchiectasis come from a prospective observational study from SuarRez-CuArTIN et al. [111]. The
authors found that patients admitted had very severe disease with median BSI=15 and E-FACED=4
and high prevalence of respiratory failure (62%). These patients showed, respectively, 17 and 34% 30- and
90-day readmission rates with low mortality rates (3/60 patients enrolled, 5%). Similar mortality
and re-admission rates were found by Porverino et al. [55] in their study evaluating pneumonic versus
nonpneumonic exacerbations.

A larger sample of 1235 patients with severe bronchiectasis exacerbations (including pneumonia) were
retrospectively analysed in a Taiwan cohort. The definition of severe exacerbation in this study was need
for emergency room visits or hospital admission, and all patients had chest computed tomography. Overall,
in-hospital mortality was 3.0%. Post-discharge, age, bronchiectasis aetiology and comorbidity indexscore
>6, male sex and systemic corticosteroid usage were associated with significantly higher cumulative
incidence of respiratory failure and mortality in a 1-year follow-up, while ACT was associated with a lower
mortality risk [112].

Data in the literature show that 1-year mortality after a bronchiectasis exacerbation ranges up to 30%
according to patient’s exacerbating status, the number of hospitalisations in the previous year, FEV; and
co-existence of COPD or cigarette smoking [113, 114].

In recent years, an association between bronchiectasis, exacerbations and risk of cardiovascular events
(CVESs) has been established in population-based studies [115, 116]. Navaratnam et al. [115] tried to clarify
the weight of exacerbations on this outcome and found that a respiratory tract infection is associated with a
significant increase in incident CVEs (myocardial infarction and stroke) during a 91-day follow-up. In a
post hoc retrospective analysis of a prospective observational study enrolling 250 patients with bronchiectasis
at two tertiary care clinics, MEénDEz et al. [117] found that almost 30% of bronchiectasis patients developed a
CVE during 35-month median follow-up after an exacerbation. CVE was defined as any acute coronary
syndrome, new or worsening heart failure, new or recurrent arrhythmia or cerebrovascular accident. Risk
factors associated with CVE were age, hypertension and COPD, whereas severe exacerbations showed a
trend (hazard ratio 1.85, 95% CI 0.98-3.52). Eventually, the patients with a CVE during follow-up had a
greater risk of death than those who did not have one. In another study from Korea, two separate
retrospective cohorts of patients with bronchiectasis experiencing first-time atherosclerotic cardiovascular
disease or cerebrovascular disease were analysed. Within 1 year before the index events, more than 13.5% of
patients in both cohorts had experienced an exacerbation necessitating emergency room access or
hospitalisation. In the multivariate analysis, the exacerbators group showed increased 90-day and 1-year
cardiovascular and cerebrovascular mortality compared to the nonexacerbators [118].

This evidence highlights the importance of comprehensive post-exacerbation care, addressing modifiable
risk factors, such as minimising unnecessary corticosteroid use, and the need to routinely perform
cardiovascular evaluations possibly in a standardised protocol that involves a multidisciplinary team.
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Prevention of bronchiectasis exacerbations

As with acute management, preventing bronchiectasis exacerbations requires a multidisciplinary approach
focussed on preventing infections, optimising mucociliary clearance and targeted treatment of
comorbidities and inflammatory endotypes (figure 3).

The 2017 European guidelines recommend prophylactic macrolide therapy first line for patients with frequent
exacerbations without P. aeruginosa infection and inhaled antibiotics for those with P. aeruginosa [36].
A 2019 meta-analysis subsequently showed macrolide therapy reduced exacerbation frequency and
increased time to first exacerbation in patients with and without P. aeruginosa [119]. The effect on
P. aeruginosa despite known macrolide resistance is attributed to immunomodulatory properties and
broader impact on microbial communities [46, 47]. A recent meta-analysis investigating efficacy of inhaled
antibiotics in bronchiectasis showed a comparable reduction in exacerbations in patients with and without
P. aeruginosa [120]. These findings suggest that both macrolide therapy and inhaled antibiotics effectively
prevent exacerbations irrespective of P. aeruginosa infection status.

The effect of vaccines on bronchiectasis exacerbations has not been extensively studied but the limited
available evidence suggests benefit [121, 122]. Given the robust evidence for vaccination in other
respiratory diseases and the high risk of exacerbations in bronchiectasis, influenza and pneumococcal
vaccines are recommended [36, 65, 92]. Vaccinations against other viruses such as RSV are either on the
market or in development and may benefit bronchiectasis patients in future [123, 124].

The drastic reduction in bronchiectasis exacerbations during COVID-19 lockdowns was attributed to
reduced circulating viruses and reduced air pollution [59, 60]. Social, psychological, physical and
economic effects mean these measures cannot be maintained long-term, but it is unknown whether less
stringent preventative measures, such as mask-wearing in high-risk settings, could be an effective approach
to reduce exacerbations.

As well as its role in acute management of excessive mucus during exacerbations, two RCTs have shown
that practising regular airway clearance also prevents exacerbations [125, 126]. Mucolytics can also be
suggested if beneficial. N-acetylcysteine reduced exacerbations in one study, with a further RCT underway
[127, 128]. Exercise is also associated with a reduction in exacerbations and pulmonary rehabilitation
reduced exacerbations over 12-month follow-up in one study [129].

Regular ICS therapy could be beneficial to prevent exacerbations in patients with a T2-high inflammatory
endotype. In the EMBARC study, regular ICS reduced risk of hospitalisation in patients with comorbid
bronchiectasis and asthma [16]. Furthermore, in a study of bronchiectasis patients without asthma, ICS
reduced exacerbation frequency in those with high eosinophils but not in noneosinophilic patients [130].

However, current guidelines collectively advise against routine use of ICS in bronchiectasis, except for in
coexisting COPD, asthma, ABPA, inflammatory bowel disease or significant bronchorrhea unresponsive to
other treatments, based on low-quality evidence [36, 37, 92]. Their extended use must be carefully
weighed against the risk of side-effects. For example, among nonselected bronchiectasis patients, regular
ICS use is associated with increased exacerbation frequency and severity in one study [131]. This is
concerning as ICS are commonly prescribed in COPD but 44.4% of patients in the EMBARC cohort
diagnosed with COPD did not meet diagnostic criteria, raising concerns about inappropriate prescribing [17].

The role of bronchodilators in bronchiectasis without COPD or asthma remains unclear, and a trial of
inhaled tiotropium showed improvement in lung function but not in exacerbations [132]. Bronchodilators
are therefore not recommended routinely, but further studies are ongoing. On the other hand, it is advised
to administer short-acting beta-agonists (such as salbutamol or terbutaline) prior to respiratory
physiotherapy to enhance ACT and support the effectiveness of inhaled antibiotics.

New treatments, such as DPP-1 (dipeptidyl peptidase-1) inhibitors, highlighted by the phase IT Willow
trial using brensocatib, offer promising avenues for bronchiectasis management by targeting
inflammation. This trial showed that brensocatib significantly reduced time to first exacerbation and
reduced exacerbation risk by about 40% compared to placebo [133]. Such treatments could serve as
alternatives to conventional antibiotic therapy, lessening reliance on antibiotics and potentially curbing the
rise of antimicrobial resistance. Comparative studies between long-term macrolides, inhaled antibiotics
and DPP-1 inhibitors are needed to elucidate the most effective maintenance strategies for preventing
exacerbations in bronchiectasis.
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TABLE 2 Questions for future research in the field of bronchiectasis exacerbation

Summary of research needs and priorities

1) Generate epidemiological data, including healthcare costs, across different countries and continents of
bronchiectasis exacerbations, not only for patients treated in the hospital but also for those treated in a
domiciliary setting

Validation of HiLL’s [2] criteria of bronchiectasis exacerbation in a real-life setting

Identification of clinical phenotypes among bronchiectasis patients who are exacerbating

Identification of endotypes among bronchiectasis patients who are exacerbating

Validation of DECAF or other existing tools in bronchiectasis exacerbation to define severity

Derivation and validation of new tools to assess exacerbation severity

Validation of tools for exacerbation severity in deciding the site-of-care

Identification of exogenous and endogenous triggers for bronchiectasis exacerbations

Studies comparing different antibiotic regimens during exacerbations

Definition and validation of clinical stability as well as clinical cure and clinical failure in bronchiectasis
exacerbations

Definition of the proper duration of antibiotic therapy during an exacerbation based on each single
patient’s response to treatment

Define safety and efficacy of systemic corticosteroids treatment during a bronchiectasis exacerbation in
patients with or without eosinophilia

Define safety and efficacy of bronchodilators during a bronchiectasis exacerbation

Identification of a systematic bundle of interventions (e.g. ACT, antibiotic, steroids, bronchodilators, etc.)
to improve outcomes during a bronchiectasis exacerbation

Comparative studies between long-term macrolides, inhaled antibiotics and other immunomodulatory/
anti-inflammatory agents to elucidate the most effective maintenance strategies for preventing
exacerbations in bronchiectasis

= = = O oo ~NOo U WN

I
2

=
o

ACT: airway clearance technique; DECAF: dyspnoea, eosinopenia, consolidation, acidaemia and atrial fibrillation.

Finally, interventions to ensure treatment adherence are important. Self-management and electronic and
digital technologies have shown promising results in other lung diseases but their impact on bronchiectasis
exacerbations has not been studied [134].

Conclusions

The interplay between stable and exacerbation phases of bronchiectasis reveals a dynamic disease course,
influenced by both exogenous and endogenous factors, including microbial immigration and emigration, as
conceptualised in the adapted island model. Identification of the frequent exacerbator phenotype presents a
critical opportunity for targeted interventions aimed at mitigating the adverse effects of recurrent
exacerbations. Thus, exacerbations serve as important markers of disease activity reflecting the dynamic
nature of chronic lung conditions and their impact on respiratory health. Moreover, exploration of
molecular endotypes and their link to exacerbation patterns (phenotypes) offers a promising avenue for
personalised treatment strategies, aligning with the field of precision medicine. Despite advancements in
understanding and managing bronchiectasis, significant gaps remain, particularly in the definition of
exacerbations and the standardisation of a comprehensive management approach (see table 2).
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