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There is renewed interest innon–cysticfibrosisbronchiectasis,which
is a cause of significant morbidity in adults and can be diagnosed
by high-resolution chest computed tomography scan. No longer
mainly a complicationafter pulmonary infectionwithMycobacterium
tuberculosis, diverse disease processes and mechanisms have been
demonstrated to result in the chronic cough, purulent sputum pro-
duction, andairwaydilation that characterize this disease. Improved
understanding of the role of mucus stasis in causing bacterial colo-
nization has led to increased emphasis on the use of therapies that
enhance airway clearance. Inhalational antibiotics reduce the bacte-
rial burden associated with a worse outcome. Low-dose, chronic
macrolide therapy has been shown to decrease exacerbation fre-
quency and airway inflammation. For the first time, a number of
therapies for non–cystic fibrosis bronchiectasis are undergoing test-
ing in clinical research trials designed specifically for this population.
This concise clinical review focuses on themajor etiologies, diagnos-
tic testing, microbiology, and management of patients with adult
non–cystic fibrosis bronchiectasis. Systematic evaluation identifies a
specific cause in the majority of patients and may affect subsequent
treatment. We outline current therapies and review the data that
support their use.
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Originally described in 1819 by Laënnec (1), bronchiectasis is
a suppurative lung disease with heterogeneous phenotypic
features. Bronchiectasis is diagnosed on axial images of high-
resolution chest computed tomography (HRCT) scans. The spe-
cific criteria include the following: (1) The internal diameter of
the bronchus is larger than that of its accompanying vessel; or
(2) the bronchus fails to taper in the periphery of the chest (2).
Although airway wall thickening is often present, this radio-
graphic finding is not diagnostic of bronchiectasis, as it is seen
in other airway diseases such as asthma and chronic obstructive
pulmonary disease (COPD). In this concise clinical review, we
discuss the common causes of bronchiectasis. Systematic evalua-
tion leads to a specific diagnosis in the majority of cases, which
may alter management. We review the microbiology and manage-
ment including treatment strategies to improve mucus clearance;
the use of inhaled antimicrobial therapy, which limits systemic ab-
sorption and toxicity; and new data demonstrating the benefit of

chronic macrolide therapy. Unlike bronchiectasis from cystic fibro-
sis (CF), rigorous, randomized controlled trials to guide evaluation
and management are few in number. The British Thoracic Society
(BTS) has published guidelines for non-CF bronchiectasis with
most recommendations based on case series and expert opinion
(3). Evidence-based algorithms await the results of actively enroll-
ing national multicenter bronchiectasis research registries and clin-
ical trials of therapy in patients with non-CF bronchiectasis.

EPIDEMIOLOGY

The prevalence of bronchiectasis is increasing in the United
States. This was demonstrated by Seitz and colleagues, who an-
alyzed a 5% sample of the Medicare Part B outpatient databases
for bronchiectasis ICD-9 codes (4). The prevalence increased
every year from 2000 to 2007 by an annual percentage change of
8.74%. Prevalence was also shown to increase with age and peaked
at ages 80–84 years. Bronchiectasis prevalence was higher in
women and remained so after logistic regression controlling for
race and number of CT scans (odds ratio [OR], 1.36; 95% confi-
dence interval [CI], 1.32–1.40). Bronchiectasis was highest in prev-
alence in Asian populations. The data do not permit a conclusion
about whether this is a true increase in the number of patients with
bronchiectasis versus increased recognition due to more frequent
use of HRCT in clinical practice.

Non-CFbronchiectasis imposes a significant burden onpatients.
They require longer hospital stays, more frequent outpatient visits,
and more extensive medical therapy than do matched control sub-
jects, with a cost of approximately $630 million annually in the
United States (5). Mortality rate ranged from 10 to 16% over
an approximate 4-year observation period (6–8). Observed cause
of death is due primarily to bronchiectasis or related respiratory
failure. Low values for FEV1 and advanced dyspnea scores have
consistently correlated with increased mortality. Pseudomonas
sputum positivity, low body mass index, male sex, advanced age,
and COPD have also been identified as risk factors for mortality
in some but not all studies. Onen and colleagues showed that
regular vaccinations and scheduled visits are likely to have a fa-
vorable effect on survival (6). An association between the specific
etiology of bronchiectasis and mortality rate has not been defin-
itively established. Two studies did not find an association with
etiology and mortality rate (6, 7), but, more recently, retrospective
analysis of 539 patients by Goeminne and colleagues showed that
idiopathic bronchiectasis had the lowest death rate (3.4% at 3.3
yr) compared with bronchiectasis due to other causes (8).

PATHOGENESIS

In a landmark paper from 1950, Reid published findings on 45
surgical lobectomy specimens from patients with bronchiectasis
(9). Reid further refined the pathologic phenotypes (cylindrical,
varicose, and saccular) and discovered that in bronchiectasis
there is a reduction of bronchial subdivisions compared with
normal control subjects. Cole’s vicious cycle model is the gen-
erally accepted explanation for the evolution of bronchiectasis
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(Figure 1) (10). In this model, a predisposed individual develops
a robust inflammatory response to pulmonary infection or tissue
injury. The inflammation that results is partially responsible for
the structural damage to the airways. The structural abnormal-
ities allow for mucus stasis, which favors continued chronic in-
fection and the vicious cycle persists. In bronchiectasis, the mucus
itself is often abnormal (11) and more complex (12). Tracheo-
bronchial clearance in bronchiectasis has been shown to be slower
(13) than in normal control subjects independent of the presence
of infection (14). Over time, retained sputum can cause mucous
plugs and airway obstruction, obliteration, and damage resulting
in more advanced bronchiectasis. The inflammatory response
(Figure 2), which involves neutrophils, lymphocytes, and macro-
phages, results in further airway destruction (15). How this cycle is
initiated may differ according to the causative disease, but in most
cases a circular feedback loop results. Therapy is focused on
breaking the vicious cycle of mucus stasis, infection, inflammation,
and airway destruction.

ETIOLOGY

Numerous causes of adult non-CF bronchiectasis have been de-
scribed (Table 1) with the reported etiologies dependent on the
population under study. In 2000, a landmark United Kingdom–
based investigation into etiology was published by Pasteur and
colleagues (16). The authors found that even after a rigorous
evaluation of 150, predominantly white patients with bronchi-
ectasis, 53% of the cases remained idiopathic. A subsequent
United Kingdom–based investigation into the etiology of bron-
chiectasis showed that only 26% of the cases remained idio-
pathic after evaluation (17). In both studies, the most common
identified etiology was postinfectious, accounting for about one-
third of cases. A U.S. investigation into the etiology of bronchi-
ectasis identified causative factors in greater than 90% of 106
patients after systematic evaluation (18). A major finding in this
study was that immune dysregulation, either hyperimmunity (au-
toimmune disease) or hypoimmunity (immunoglobulin deficiency
or hematologic malignancy), was the main cause of bronchiecta-
sis. The study was performed at a single center with a large re-
ferral population, which may have contributed to the ability to

identify the underlying cause of bronchiectasis in most subjects
and influenced the specific etiologies identified. A novel finding
was that stem cell transplantation was associated with the devel-
opment of bronchiectasis in 15 patients (14.2%), 11 of whom had
graft-versus-host disease (GVHD). The exact contribution of re-
current infection from immunosuppression versus GVHD-related
airway wall injury is yet to be elucidated.

It has been postulated that nontuberculous mycobacterial
(NTM) infection causes bronchiectasis. AlthoughNTM infection
has been shown to worsen preexisting bronchiectasis (19), the
evidence for causality has not been definitively established. There is
mounting evidence that patients with NTM-related bronchiectasis
have a distinct immunologic phenotype that results in an imbalance
of cytokines leading to inability of the host to resist mycobacterial
infection (20, 21). As these findings become more mechanistically
defined, perhaps by genetic studies, the role of NTM in the genesis
of bronchiectasis is likely to be clarified.

Large network studies show that a subset of patients who meet
diagnostic criteria for asthma or COPDhaveHRCT scans that dem-
onstrate the presence of bronchiectasis (22, 23). Although some
patients who are thought to have asthma or COPD on a clinical
basis will subsequently be determined to have bronchiectasis, it is
postulated that long-standing asthma or COPD may also result in
findings of bronchiectasis on chest imaging. In a multicenter pro-
spective observational study of 99 patients with moderate to severe
COPD by GOLD (Global Initiative for Chronic Obstructive Lung
Disease) criteria, bronchiectasis was noted on HRCT in 52.7% of
patients (24). Pathogenic bacteria such as Pseudomonas aeruginosa
andHaemophilus influenzaewere identified in the sputum of 42.3%
of the subjects and may have played a role in the development of
bronchiectasis as suggested by the vicious cycle hypothesis.

DIAGNOSIS

Bronchiectasis should be suspected in any patient with chronic
cough and sputumproductionor frequent respiratory infections.Ad-
ditional factors suggesting the diagnosis include the following: daily
sputum production, rhinosinusitis, fatigue, hemoptysis, difficult-to-
treat asthma, nonsmokers diagnosed with COPD (25), and patients
with P. aeruginosa or NTM in their sputum (26). Although chronic
sputum production is the classic symptom suggesting the diagnosis,
patients may have a chronic cough that is nonproductive. Dyspnea,
wheezing, and pleuritic chest pain are also described (25). HRCT is
the diagnostic test of choice (3). Figure 3 shows an HRCT scan that
demonstrates the diagnostic features of bronchiectasis.

Data support the benefit of determining a precise etiology. Shoe-
mark and colleagues noted that identification of the etiology af-
fected management in 37% of their bronchiectasis cohort (17).
The first step in evaluation of bronchiectasis is to exclude CF with
two sweat chloride measurements and gene testing according to
CF guidelines (27). Two measurements greater than 60 mmol/L
are diagnostic of CF. Values not exceeding 59 mmol/L require
follow-up genetic testing as cases of genetically proven CF have
been associated with results below 40 mmol/L.

CF transmembrane conductance regulator (CFTR) gene het-
erozygosity may have pathogenic consequences for patients with
diffuse bronchiectasis even in the presence of normal sweat chlo-
ride levels. Bienvenu and colleagues measured nasal mucosal po-
tential difference in 85 patients with idiopathic bronchiectasis
and normal sweat chloride levels with either one, two, or no CFTR
mutations (28). The authors demonstrated an increasingly abnor-
mal nasal mucosal potential difference correlating with none, one,
or two abnormal genes, respectively. Some experts (29) propose
that this continuum of CFTR dysfunction could explain the dispro-
portionate percentage of women with bronchiectasis and NTM
disease who have CFTR mutations without overt CF (30).

Figure 1. Vicious cycle hypothesis. Host-mediated inflammatory re-

sponse to foreign material and bacteria in the airway causes tissue

damage resulting in bronchiectasis, which contributes to abnormal

mucus clearance and further bacterial colonization.
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The BTS guidelines for non-CF bronchiectasis suggest the fol-
lowing evaluation (3): History to include neonatal symptoms, infer-
tility, previous pneumonia or viral illness in childhood, gastric
aspiration, asthma, and connective tissue or autoimmune symptoms.
Family history is important to identify genetic causes such as primary
ciliary dyskinesia (PCD). PCD is an under-recognized cause of bron-
chiectasis forwhich genetic testing is becoming available.Adailywet
coughdatingback to childhood,neonatal distress, recurrent oto-sino-
pulmonary infections, and situs abnormalities are characteristic of
PCD (31). Nasal nitric oxide testing, which is available at specialized
centers, is emergingas thefirst step inPCDevaluation (32, 33).A low
nasal nitric oxide level warrants follow-up evaluation, including ge-
netic testing. Patients with a clinical phenotype suggestive of PCD
shouldbereferred toa specializedcenter forPCDasmost institutions
are not equipped to complete a thorough PCD evaluation.

In the absence of PCD andCF, the patient with bronchiectasis
should be evaluated for other etiologies. Table 2 lists the min-
imum diagnostic laboratory testing. Sputum should be cultured
for bacterial organisms with a separate specimen tested for acid-
fast bacilli. In patients who cannot spontaneously expectorate,
sputum induction can be performed by inhalation of hypertonic
saline, a technique that has been shown to be safe and at least as
accurate as bronchoalveolar lavage for isolation of pathogenic
organisms in CF (34). Bronchoscopy for bronchoalveolar lavage
is reserved for patients who (1) are unable to produce sputum
and in whom bacterial infection is suspected, (2) are doing
poorly, or (3) whose CT scan is suggestive of NTM but spu-
tum culture is negative. Follow-up imaging may be necessary
for patients who require specific disease monitoring (e.g., the
patient with NTM who is not receiving antimycobacterial ther-
apy). Serial imaging raises concern about long-term effects of
cumulative radiation exposure. Magnetic resonance imaging
(MRI) is an underused imaging modality in pulmonary disorders
(35) but has been studied in both the CF and non-CF populations
and found to be comparable to CT in detecting airway architec-
ture distortion without using ionizing radiation (36, 37). As both
pulmonologists and chest radiologists become more familiar with
this technique, thoracic MRI may play a valuable role in the
management of bronchiectasis, especially in pediatric or young
adult patients, in whom sequential exposure to ionizing radiation
over the long term is an issue.

MICROBIOLOGY

The mucus-filled airways in patients with bronchiectasis foster
growth of a variety of organisms. In a study of 89 adult patients with
predominantly idiopathic bronchiectasis, King and colleagues (38)
prospectively evaluated sputum bacterial culture results and corre-
lated clinical features with three separate groups of sputum cul-
tures results: (1) P. aeruginosa, (2) H. influenzae, and (3) normal
flora or no organisms. Clinical features, lung function, and disease
extent were worse in patients with P. aeruginosa, less severe in
patients with H. influenzae, and least affected in patients with
either normal flora or no organisms, suggesting there may be a pro-
gression of disease that correlates to the evolution from normal
flora to H. influenzae to P. aeruginosa.

Gram-negative bacteria are the most frequently identified
organisms in the sputum of patients with bronchiectasis. King
and colleagues (38) found nontypeable H. influenzae present in
47% of patients followed by P. aeruginosa (12%) and Moraxella
catarrhalis (8%). Other studies have shown P. aeruginosa to be
more prevalent, noted in 25–58% of the study cohorts (18, 39, 40).
P. aeruginosa has been shown to correlate with severe disease,
a greater decline in lung function, more frequent exacerbations,
and reduced quality of life compared with other bacteria (39–41).

Gram-positive organisms are less common and include Strep-
tococcus pneumoniae and Staphylococcus aureus. In the cohort
studied by King and colleagues (38), S. pneumoniae was seen in
7% of patients whereas S. aureus was isolated in only 3 of the 89
subjects. Methicillin-resistant S. aureus (MRSA) may coexist in-
termittently with P. aeruginosa, or be the sole chronically infecting
organism in small numbers of patients.

NTM infections are common in patients with bronchiectasis,
and there is evidence that infection rates are increasing (42).
These organisms are notoriously difficult to eradicate because
of their hardiness and ubiquitous presence in the environment
(43). For a detailed discussion of the diagnosis and management
of these organisms we recommend the American Thoracic
Society/Infectious Diseases Society of America guideline (44).

Most bacteria involved in bronchiectasis, including mycobac-
terial species, form biofilms (45–48). Biofilms make effective
antimicrobial therapy more challenging because their hydrated
matrix of extracellular polysaccharides and proteins encases

Figure 2. Hematoxylin and eosin stain of the bronchial wall

in a patient with bronchiectasis (left) versus a normal subject

(right). A ¼ Pseudostratified columnar, ciliated epithelium;

B ¼ thickened epithelium with intraepithelial lymphocytes;
C ¼ submucosa with dense infiltrate of lymphocytes and

plasma cells; D ¼ blood vessel with reactive endothelial

cells. Original magnification,3200. Photos courtesy of Aliya
N. Husain, M.D.
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organized communities of bacteria and protect them from the
host environment. Biofilms bolster the ability of bacteria to
survive in the host in several different ways. Within the biofilm
are zones of anoxia, acidity, or nutrient depletion that induce
a dormancy phase to render bacteria resistant to antibiotics
(49). Biofilms retard the rate of antibiotic penetration (50),
allowing bacteria time to sense and phenotypically respond to
their environment, a phenomenon referred to as quorum sens-
ing (51). Antibiotics may be inactivated by the charge of

polymers within the biofilm, diluted by cellular debris within
the biofilm, or be rendered ineffective due to inducible,
antibiotic-specific efflux pumps (52). Finally, biofilms may pro-
tect bacteria from phagocytosis and host antibodies (53). In the
near future, therapies may be available that target and pene-
trate the biofilm environment (54).

MANAGEMENT

A comprehensive approach to bronchiectasis management is im-
portant (Figure 4), regardless of whether the bronchiectasis is
diffuse or localized. It is essential to establish whether an un-
derlying modifiable cause, such as immunoglobulin deficiency
or a1-antitrypsin deficiency, is present. The next step is to initi-
ate an airway clearance regimen and obtain a sputum sample
for bacterial analysis, including acid-fast bacteria. The results of
the sputum culture dictate subsequent choice of antibiotics when
indicated, as discussed below. In patients with frequent exacerba-
tions, chronic macrolide therapy should be considered. Expert
opinion regards exercise, whether part of the patient’s daily routine
or in the form of pulmonary rehabilitation, as integral in manage-
ment. Overall, the goals of therapy are as follows: (1) reduce symp-
toms, (2) improve quality of life, and (3) prevent exacerbations,
which are associated with worse outcomes.

Airway Clearance

The goal of airway clearance is to mobilize bronchopulmonary
secretions and interrupt the vicious cycle of inflammation and
infection. Airway clearance employs an inhaled agent (e.g.,
7% hypertonic saline) in conjunction with chest physiotherapy
(CPT) (55), such as an oscillatory positive expiratory pressure
(PEP) device, high-frequency chest wall oscillation (HFCWO,
e.g., The Vest airway clearance system; Hill-Rom, St. Paul,
MN), autogenic drainage, active cycle breathing with huff
coughs (56), or manual chest percussion. In a randomized cross-
over trial of 20 patients with non-CF bronchiectasis, Murray and
colleagues evaluated the effect of CPT using an oscillatory PEP
device (Acapella Choice; Smiths Medical, St. Paul, MN) versus no
CPT (57). Significant improvements in quality of life scores and
exercise capacity were achieved in patients using the PEP device
twice daily for 3 months. A study comparing HFCWO with the
PEP device showed that HFCWO produced statistically significant

TABLE 1. ETIOLOGIES OF NON–CYSTIC FIBROSIS
BRONCHIECTASIS

Autoimmune disease

Rheumatoid arthritis

Sjögren’s syndrome

Cilia abnormalities

Primary ciliary dyskinesia

Connective tissue disease

Tracheobronchomegaly (Mounier-Kuhn syndrome)

Marfan’s disease

Cartilage deficiency (Williams-Campbell syndrome)

Hypersensitivity

Allergic bronchopulmonary aspergillosis (ABPA)

Immune deficiency

Immunoglobulin deficiency

HIV infection

Job’s syndrome

Inflammatory bowel disease

Ulcerative colitis

Crohn’s disease

Injury

Pneumonia/childhood infections

Aspiration

Smoke inhalation

Malignancy

Chronic lymphocytic lymphoma

Stem cell transplantation; graft-versus-host disease

Obstruction

Tumor

Foreign body

Lymphadenopathy

Other

a1-Antitrypsin deficiency

Yellow nail syndrome

Young’s syndrome

Figure 3. Radiographic signs of bronchiectasis. A ¼ Bronchus

terminating in a cyst; B¼ lack of bronchial tapering as it travels

to the periphery of the lung; C ¼ signet ring sign (bronchus is
larger than the accompanying vessel);D¼mucus plug (mucus

completely filling the airway lumen).
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improvements in the Breathlessness, Cough, and Sputum Scale and
COPD Assessment test, improved FEV1 and FVC, and reduced
C-reactive protein and sputum neutrophils compared with the PEP
device (58). The limitation of this study and others evaluating
modes of airway clearance are small sample size and short
study periods, making it difficult to claim superiority of a spe-
cific mode of airway clearance. Adding postural drainage to
CPT has been shown to augment the amount of sputum pro-
duced during airway clearance (59). Any of the airway clear-
ance modalities can be tailored to fit the specific preferences of
the patient (60) but in all cases, patient education on the var-
ious techniques by an informed practitioner is an important
factor in the success of therapy.

Nebulized hypertonic saline and mannitol inhaled as a dry
powder improve clearance of mucus by reducing osmolality,
making it easier to clear (61, 62). An international, multicenter,
long-term phase 3 trial of inhaled mannitol in patients with non-
CF bronchiectasis has completed enrollment.

Nicolson and colleagues performed a single-center, blinded,
prospective, 12-month study to compare airway clearance with

6% hypertonic saline versus isotonic saline in patients with
non-CF bronchiectasis and found improved sputum bacteriology
and quality of life scores in both groups; the difference between
groups was not significant (63). Additional studies are needed to
clarify whether the benefit bestowed on the patient is the result
of the agent used in clearance or the act of clearance itself. It is
noteworthy that after study completion, more patients elected
to continue hypertonic saline therapy than isotonic saline ther-
apy. In addition to augmenting mucus clearance, hypertonic
saline may have immune-modulating effects. Reeves and col-
leagues showed reduced IL-8 concentrations in sputum and
bronchoalveolar lavage fluid in patients with CF after adminis-
tration of nebulized hypertonic saline (64).

Mucolytic agents are intended to reduce sputum viscosity.
Dornase alfa (recombinant human DNase) is a commercially
availablemucolytic agent that has been studied in bronchiectasis.
Dornase alfa was shown to improve lung function and decrease
the frequency of exacerbations in the CF population, but it did
not perform as well in non-CF bronchiectasis when initially in-
vestigated (65) and was found to be potentially harmful in a later
study by O’Donnell and colleagues, who studied the drug in
a large population randomized to receive either dornase alfa or
placebo for 6 months (66). Subjects treated with dornase alfa had
more frequent exacerbations, hospitalizations, and antibiotic and
corticosteroid courses than did subjects randomized to receive
placebo. Therefore, dornase alfa is not recommended for this
population. This is an example in which extrapolation from stud-
ies in CF-related bronchiectasis may not always be appropriate
and reinforces the need for rigorous studies in non-CF bronchiec-
tasis (67, 68).

Bronchodilators

Some patients with bronchiectasis exhibit a significant improve-
ment in FEV1 after the administration of bronchodilators (69).
Overall, however, there is a lack of data to recommend use of
short-acting bronchodilators in bronchiectasis.

TABLE 2. DIAGNOSTIC EVALUATION OF THE PATIENT
WITH BRONCHIECTASIS

Bacterial and mycobacterial sputum culture

Immunoglobulins A, E, G, and M

Titers to pneumococcal vaccine

CF sweat test (two measurements)

CFTR genetic mutation analysis

ANA, RF, aCCP, SSA, SSB antibodies

a1-Antitrypsin level and phenotype

In some cases:

Bronchoscopy

Gastrointestinal evaluation

Nasal nitric oxide testing

Definition of abbreviations: aCCP ¼ anti–cyclic citrullinated protein antibody;

ANA ¼ anti-nuclear antibody; CF ¼ cystic fibrosis; CFTR ¼ cystic fibrosis trans-

membrane conductance regulator; RF ¼ rheumatoid factor; SSA, SSB ¼ anti–

Sjögren’s syndrome A and B antibodies, respectively.

Figure 4. Overview of a com-

prehensive approach to bron-
chiectasis management. AAT ¼
a1-antitrypsin; ATS/IDSA ¼ Amer-

ican Thoracic Society/Infectious

Diseases Society of America;
IgG ¼ immunoglobulin G;

HRCT ¼ high-resolution com-

puted tomography; NTM ¼
nontuberculous mycobacteria.

*A 2-week course is suggested.
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Exercise

Pulmonary rehabilitation may benefit patients with exertional
dyspnea. Proponents of exercise consider it to be a form of air-
way clearance, but the benefits extend beyond mobilization of
secretions. A retrospective study of 111 patients with non-CF
bronchiectasis and exertional dyspnea limiting activities of daily
living, who participated in 6–8 weeks of twice-weekly supervised
exercise sessions of walking, cycling, and strengthening exercises,
showed significant improvement in 6-minute walk distance (mean
change, 50.4 m; 95% CI, 40.9–60.0) and health-related quality of
life scores (70). In another retrospective study of the effects of
a similar exercise program, patients showed significant improve-
ments not only in exercise capacity, but also required fewer emer-
gency room and outpatient visits as well as a decreased need for
short-acting bronchodilators (71).

Antiinflammatory Therapy

The dense infiltration of lymphocytes (Figure 2) beneath the
basement membrane in the airways of patients with bronchiec-
tasis (11) and the significant numbers of neutrophils within the
airway lumen suggest a role for antiinflammatory therapy in this
disease. Two commonly used classes of antiinflammatories are
corticosteroids and macrolides.
Corticosteroids. Systemic corticosteroids do not alter the rate

of decline in FEV1 in non-CF bronchiectasis (69). Systemic
corticosteroids most often cause side effects that outweigh the-
oretical benefit. Therefore, with the exception of patients with
allergic bronchopulmonary aspergillosis (72), systemic cortico-
steroids are not used for patients with non-CF bronchiectasis.

Inhaled corticosteroids (ICS), which have an established role
in asthma and COPD, have also been investigated in the non-CF
bronchiectasis population (73). High-dose ICS (e.g., fluticasone
at 1,000 mg/d) either reduce sputum volume (74–76) or reduce
inflammatory markers within sputum (77), but have not been
shown to improve lung function or reduce exacerbation frequency
in bronchiectasis and are more likely to cause adverse consequen-
ces such as cataracts (78) and osteoporosis (79). Medium-dose
budesonide (640 mg) plus formoterol was compared with high-
dose budesonide (1,600 mg) in patients with non-CF bronchiecta-
sis in a 12-month randomized, double-blind, parallel-group trial by
Martínez-García and colleagues (80). Patients receiving medium-
dose budesonide plus formoterol had less dyspnea, required fewer
rescue b-agonist inhalations, had an increase in cough-free days,
and improved health-related quality of life scores compared with
the high-dose budesonide group. Lung function, exacerbation fre-
quency, and chronic bacterial colonization were not different be-
tween the two study groups. Further study is necessary to clarify
whether perceived benefits were due to the combination of ICS
and the long-acting bronchodilator (LABA) or due to the LABA
alone. At present, there are no definitive data to support the
routine use of an ICS–LABA combination unless the patient
has coexisting asthma.
Macrolides. Macrolides exert immunomodulatory effects on

host inflammatory responses without suppression of the immune
system (81). The immunomodulatory effects of macrolides are
numerous and include modifying mucus production, inhibition
of biofilm production, suppressing inflammatory mediators, and
moderating leukocyte recruitment and function (73, 81). Clini-
cal benefits of azithromycin have been observed in both patients
with CF and patients with non-CF bronchiectasis. Reduced fre-
quency of respiratory exacerbations, decreased 24-hour sputum
volume, and improved well-being are among outcomes seen in
studies that employed low-dose azithromycin, that is, 250 mg
three times weekly, or 500 mg twice weekly in patients with
non-CF bronchiectasis (82–84).

More recently, three large trials have been published on the
effect of macrolides in reducing exacerbations in non-CF bron-
chiectasis. In the largest study, the Effectiveness ofMacrolides in
patients with BRonchiectasis using Azithroymycin to Control
Exacerbations (EMBRACE) trial, Wong and colleagues ran-
domized 141 patients to receive either azithromycin at 500 mg
or placebo three times weekly for 6 months (85). Coprimary
end points were the rate of antibiotic-treated exacerbations,
FEV1, and St. George’s Respiratory Questionnaire (SGRQ)
scores. At the end of the 6-month treatment period, the azithro-
mycin group had a 62% relative reduction in rate of exacerba-
tions compared with placebo (rate of exacerbations in treatment
and placebo groups, 0.59 and 1.57 per patient, respectively; rate
ratio, 0.38; 95% CI, 0.26–0.54; P , 0.0001). This benefit per-
sisted into the posttreatment observation period, corresponding
to an annual relative reduction in the exacerbation rate of 42%
for the azithromycin group. A reduction in the symptoms com-
ponent of the SGRQ was appreciated in the treatment group
compared with placebo at 6 but not 12 months. No significant
difference was seen in FEV1 between the two groups. Other
significant differences noted between groups were markers of
inflammation, such as C-reactive protein; peripheral white
blood cell count; and peripheral neutrophils, all favoring
lower inflammation in the treatment group. In the Bronchiec-
tasis and Long-term Azithromycin Treatment (BAT) tri-
al (86), Altenburg and colleagues randomized 83 patients with
non-CF bronchiectasis to receive either azithromycin at 250 mg
daily or placebo for 12 months. During treatment, patients re-
ceiving azithromycin had a median number of exacerbations of
0 (interquartile range [IQR], 0–1) compared with 2 (IQR, 1–3)
in the placebo group (P , 0.001), and a prolonged time to a first
exacerbation (hazard ratio [HR], 0.29; 95% CI, 0.16–0.51). The
difference was most impressive at 90 days (2 exacerbations in
the azithromycin group vs. 22 in the placebo group). Quality of
life score (measured by the SGRQ) also improved in the azithro-
mycin group at the end of the treatment period. A statistically
significant, although likely subclinical, improvement in FEV1

was seen in treated patients. Serisier and colleagues random-
ized 117 patients to either erythromycin ethylsuccinate at 400
mg (250 mg of erythromycin base) twice daily, or placebo for
48 weeks in the Bronchiectasis and Low-dose Erythromycin
Study (BLESS) trial (87). Protocol-defined exacerbations
were 76 versus 114 in favor of the treatment group; mean
exacerbations per patient per year in erythromycin versus pla-
cebo were 1.29 (95% CI, 0.93–1.65), and 1.97 (95% CI, 1.45–
2.48), respectively, yielding an incidence rate ratio of 0.57 (95%
CI, 0.42–0.77; P ¼ 0.003). Reduction of sputum volume and
attenuation of decline of FEV1 to a statistically significant, al-
though clinically questionable, extent were also noted in the
treatment group.

An active area of controversy surrounding the use of chronic
macrolide therapy is the potential development of resistant bac-
terial strains. Indeed, in the BAT trial, a statistically greater per-
centage of macrolide-resistant pathogens was identified in the
azithromycin group by the end of the treatment period. Likewise,
erythromycin significantly increased the proportion of macrolide-
resistant oropharyngeal streptococci in the BLESS trial. Although
macrolide resistance was not routinely tested in the EMBRACE tri-
al, macrolide-resistant S. pneumoniae developed in 4% of patients
in the treatment group.

Chronic use of macrolides also has the potential for fostering
the growth of macrolide-resistant strains of NTM. Because of the
significant increase in macrolide resistance associated with
monotherapy, experts recommend vigilance in ruling out chronic
infection with NTM before initiating chronic macrolide therapy
in patients with bronchiectasis (88, 89).
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The U.S. Food and Drug Administration released a warning
that azithromycin can lead to fatal arrhythmias because of its ef-
fect on the QT interval. When clinically indicated, an ECG
should be performed to evaluate the QT interval and potential
medication interactions should be reviewed. However, the BAT,
EMBRACE, and BLESS trials did not demonstrate a higher risk
of cardiovascular events (85–87).

Antibiotics

Antibiotics are used in the following scenarios: (1) in an attempt
to eradicate Pseudomonas and/or MRSA, (2) to suppress the
burden of chronic bacterial colonization, or (3) to treat exacer-
bations. The use of “rotating” antibiotics to minimize the de-
velopment of resistance in colonizing bacteria, as has been studied
in the intensive care unit setting (90, 91), has not been adequately
assessed long term in the outpatient setting and is therefore not
recommended for this patient population.
Antibiotics for eradication of bacteria. The BTS guidelines ad-

vocate an attempt to eradicate Pseudomonas and MRSA on first
identification (3) with a course of directed antibiotics with the
hope of interrupting the vicious cycle of infection, inflammation,
and airway damage. White and colleagues published a retrospec-
tive review of early, aggressive eradication therapy in non-CF
bronchiectasis patients with Pseudomonas infection (92).
Patients received either 3 months of oral ciprofloxacin at 500
mg twice daily or 2 weeks of an intravenous regimen (typically
combination therapy with ceftazidime and an aminoglycoside).
Both groups then received 3 months of nebulized colistin after
systemic therapy. Pseudomonas was initially eradicated in 80%
of patients. At the latest follow-up (median, 14.3 mo), 50%
remained Pseudomonas free. Reduced exacerbation frequency
was also seen, even in the group that remained colonized with
Pseudomonas.

Eradication of other pathogenic bacteria such as H. influen-
zae, M. catarrhalis, or S. pneumoniae in stable patients has been
shown to correlate with reduced airway and circulating markers
of inflammation (93).
Suppressive antibiotics. The goal of suppressive antibiotic

therapy is to reduce the bacterial burden for patients in whom
eradication of the organism is not successful, to improve symp-
toms and reduce the frequency of exacerbations. There is a direct
relationship between bacterial load and levels of airway and sys-
temic inflammation (93). A study by Chalmers and colleagues of
385 patients with stable non-CF bronchiectasis showed that spu-
tum bacterial load had a direct relationship with increasing lev-
els of airway inflammation (myeloperoxidase, neutrophil elastase,
IL-8, IL-1b, and tumor necrosis factor-a) as well as systemic levels
of inflammation (intercellular adhesion molecule-1, soluble
E-selectin, and vascular cell adhesion molecule-1) (93). In both
stable patients and those with exacerbation, antibiotic interven-
tion lowered bacterial burden and reduced most markers of in-
flammation. This study supports a concerted effort to reduce
sputum bacterial load in patients with non-CF bronchiectasis.

Inhaled antibiotics are safe and effective in reducing sputumbac-
terial load over the long term because they deliver a high concen-
tration of drug to the airway with reduced systemic absorption,
thereby reducing the risk of systemic side effects. Tobramycin, gen-
tamicin, and colistin are antibiotics that are commonly compounded
or reconstituted for nebulization in bronchiectasis. Use of inhala-
tional antibiotics is “off-label” for the non-CF bronchiectasis pop-
ulation because the majority of supporting data come from the
CF population. Several studies performed in the non-CF popula-
tion have shown that inhaled antibiotics, such as TOBI (inhaled
tobramycin), reduce the density of Pseudomonas and in some cases
result in fewer exacerbations or hospitalizations (94–98). In a study

of 65 patients with non-CF bronchiectasis randomized to receive
either nebulized gentamicin (80 mg twice daily) or 0.9% saline for
12 months, Murray and colleagues showed that nebulized genta-
micin conferred a reduction of bacterial density (2.96 [1.0–5.9] log10
cfu/ml compared with 7.67 [7.34–8.17] log10 cfu/ml; P , 0.0001 in
the placebo group), and fewer exacerbations (0 [IQR, 0–1] vs. 1.5
[IQR, 1–2] in the treatment group and placebo group, respectively)
(99). A multicenter, phase 3, double-blind, randomized, placebo-
controlled trial of repeated courses of inhaled aztreonam in pa-
tients with non-CF bronchiectasis has completed recruitment. A
phase 3, randomized, double-blind, placebo-controlled, multicenter
study of ciprofloxacin dry powder inhalation (32.5 mg twice daily)
in non-CF bronchiectasis is currently recruiting patients. Dual-
release liposomal ciprofloxacin, which can be administered once
daily because of the liposomal encapsulation, was shown to signif-
icantly reduce Pseudomonas density, decrease exacerbations, and
was well tolerated in non-CF bronchiectasis in a phase 2 multicenter
trial in Australia and New Zealand (100).

Treatment of Exacerbations

Distinguishing an exacerbation from baseline symptoms can be
difficult because patients with bronchiectasis often report short-
ness of breath, fatigue, and mucopurulent sputum at baseline
(25). Although there is no authoritative definition of a non-CF
bronchiectasis exacerbation, the following symptoms are consistent
with this finding: increased sputum (volume, viscosity, or puru-
lence), increase in cough, wheezing, shortness of breath, hemopty-
sis, and decline in lung function (101). Once the presence of an
exacerbation is established, a sputum sample should be obtained
and sent for bacterial analysis, including acid-fast bacteria (60).
While the sputum culture results are pending, antibiotics targeted
toward organisms in the patient’s prior sputum culture results
should be initiated. If prior culture data are not available, a fluo-
roquinolone with activity against Pseudomonas, such as ciproflox-
acin, is an effective choice (102, 103). Fluoroquinolones act by
concentration-dependent killing, and extrapolating from adult CF
data, higher doses of ciprofloxacin (i.e., 750 mg twice daily) may be
necessary to achieve adequate ratio of peak concentration to min-
imum inhibitory concentration (104). Fluoroquinolone use is a risk
factor for Clostridium difficile colitis (105) and is associated with
tendinopathy, especially in elderly patients concurrently using glu-
cocorticoids (106). For organisms with sensitivity to fluoroquino-
lones, the addition of inhaled tobramycin to high-dose oral
ciprofloxacin (750 mg twice daily) was shown in a randomized
controlled trial to eradicate Pseudomonas more often than cipro-
floxacin plus placebo, but the difference was not statistically signif-
icant and the subjects who received tobramycin had an increased
frequency of wheezing (107).

Many patients with bronchiectasis develop strains of bacteria
resistant to various antibiotics (38). Data to guide the antibiotic
approach in these patients, especially those with resistant strains
of Pseudomonas, come from studies of patients with CF. In
these studies, monotherapy (i.e., ceftazidime) has been shown
to be at least as clinically effective as combination therapy (e.g.,
an extended-spectrum penicillin plus an aminoglycoside) (108,
109). The BTS guidelines, however, recommend combination
antibiotics for infections due to resistant strains of Pseudomonas
(3). Until data are available in the adult non-CF bronchiectasis
population, this may continue to be an area of controversy. In
our practice, antibiotics are customized to each patient accord-
ing to the extent of disease, severity of infection, local resistance
patterns, and prior culture results. The BTS guidelines provide
details on dosing aminoglycosides to achieve a peak concentra-
tion of 7–10 mg/L and a trough concentration of less than 2 mg/L
(3). Renal function should be monitored closely.
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Clear-cut evidence is not available to dictate length of an-
tibiotic therapy for exacerbations, but a 2-week course is rec-
ommended (60). Murray and colleagues prospectively studied
the effect of intravenous antibiotic therapy on clinical and
laboratory end points in patients with non-CF bronchiectasis
exacerbations. A 14-day course of therapy significantly im-
proved 24-hour sputum volume, microbial clearance, C-reac-
tive protein, exercise capacity, and quality of life scores (110).
In practice, this approach may require insertion of a periph-
eral intravenous central catheter for the administration of
outpatient antibiotics.

SURGERY

Despite long-term, comprehensive management, some patients
fail to adequately improve, or demonstrate an inability to toler-
ate therapy. In these patients, if the bronchiectasis is localized,
referral to a specialized center for surgical evaluation for lobec-
tomy or segmentectomymay be warranted. Surgical intervention
via the thoracoscopic approach is challenging in bronchiectasis
because of the vascular pleural adhesions and bronchial artery
hypertrophy that are inherent to the disease. Nevertheless, the
thoracoscopic approach in bronchiectasis is associated with
low perioperative morbidity (111, 112). Mitchell and colleagues
reported their experience with 212 thoracoscopic lobectomies
or segmentectomies on 171 predominantly white, female patients
over a 6-year period (113). Operative mortality was zero. The
most common operative complication was prolonged air leak in
5.6% of the patients with an overall operative complication rate of
8.9%. Complications were transient and included atrial fibrilla-
tion, bronchial injury, pneumonia, wound infection, atelectasis,
and pleural effusion. In all cases, surgical intervention was part
of a multidisciplinary approach involving pulmonary and infec-
tious disease consultants.

CONCLUSIONS

Non-CF bronchiectasis is increasing in prevalence and is associ-
ated with significant morbidity. Management of these patients
requires a comprehensive multimodal therapeutic approach.
This approach includes airway clearance, reducing chronic infec-
tion and inflammation, and treatment of exacerbations. Antibi-
otics, especially in the inhalational form, reduce exacerbations
and inflammation by decreasing bacterial density. Macrolides re-
duce exacerbation frequency and are a mainstay of antiinflam-
matory therapy in bronchiectasis. Together, these various
treatments work in concert to improve the overall status of
the patient with bronchiectasis. Much of the available information
on non-CF bronchiectasis stems from relatively small trials. Ongo-
ing multicenter collaboration will provide the evidence to guide
management decisions and develop new treatments.

Author disclosures are available with the text of this article at www.atsjournals.org.
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