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ABSTRACT

While bronchiectasis is an old condition, it is only in the last decade that there have been major strides
in our understanding of this disease and its treatment. Recent evidence has shown that the “vicious
cycle” hypothesis remains valid. This, and the concept of “treatable traits,” provide useful frameworks
on which to base the management of this condition. In all recently diagnosed patients, a search should
be undertaken for specific etiologies. A number of factors, including chronic infection by Pseudomonas
aeruginosa, have been shown to be associated with increased morbidity and mortality. While airway
clearance strategies remain the mainstay of therapy, other treatments including nebulized hypertonic
saline and inhaled antibiotic treatment are discussed. Greater emphasis is being placed on immune-
-modulatory therapies, not just long-term macrolide therapy but other more innovative strategies. The role
of surgical lung resection in the management of this condition is also discussed.

Introduction  This article will focus on several
recent developments and other aspects that will
hopefully be of interest to specialists in internal
medicine. It is not intended as a comprehensive
review of bronchiectasis and its management;
for this, the reader is directed to other recent
publications.'*

Bronchiectasis was first described by the French
physician Rene Theophile Hyacinthe Laénnec,
the inventor of the stethoscope, in 1819 in his
book, the English version of which is entitled
A Treatise on the Diseases of the Chest and on Me-
diate Auscultation. However, it is only in the last
decade that bronchiectasis has gone from a “ne-
glected cause of respiratory morbidity and mor-
tality”® with a very limited evidence base for man-
agement, and has “...(shaken) off its orphan sta-
tus.”® The condition has recaptured its name (and
is no longer referred to as “noncystic fibrosis bron-
chiectasis”).” It is now the topic of clinical pre-
diction tools,*? a comorbidity index,'’ an updat-
ed computed tomography (CT) scoring system, "
disease-specific quality of life scales,'?'® a research
priority register listing the 55 (!) key research
priorities,’ and a number of large good quality
randomized controlled trials (RCTs). In the light
of these substantial developments, and the fact
that bronchiectasis is a condition responsible for
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a substantial global economic and human bur-
den,' it is an ideal topic for a contemporary clin-
ical review.

Diagnosis Nowadays, the diagnosis of bronchi-
ectasis is based on radiologic, specifically high-
-resolution CT scans criteria. The criteria are as
follows: a lack of tapering of airways, visible air-
ways within 1 cm of the pleural surface but most
often a B:A ratio (the ratio of the diameter of
the airway to the diameter of the accompanying
branch of the pulmonary artery) of >1. However,
it must be remembered that bronchiectasis is first
and foremost a clinical condition. This is reflected
in the definition: “a chronic condition character-
ized by irreversible destruction and dilatation of
airways, generally associated with chronic bacteri-
al infection and symptoms of cough and sputum.”

Not all patients who meet the radiologic cri-
teria fulfil the clinical criteria. This is particular-
ly the case in older patients, often with chron-
ic airways disease, who have thin-walled “bron-
chial dilatation” affecting the basal segmental
branch of the lower lobes, without symptoms
of cough and sputum production. There is some
evidence that in such patients the increased B:A
ratio is not due to bronchial dilatation but due
to narrowing of pulmonary arteries,'® possibly
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FIGURE 1 The “vicious
cycle” of bronchiectasis
(based on Cole'¢) and
modern therapeutic
interventions
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on the basis of regional hypoxic vasoconstric-
tion related to basal airway closure during tidal
breathing in the elderly. The finding that bron-
chial lumen size was more strongly correlated
with forced expiratory volume in first second of
expiration (FEV,) than pulmonary artery diam-
eter is also consistent with the concept of dys-
anapsis; that the bronchial tree and lung pa-
renchyma may develop relatively independent-
ly of each other. The increased B:A ratio seen in
smokers (and likely responsible at least in part
for the high rate of “bronchiectasis” cases report-
ed in patients with chronic obstructive pulmo-
nary disease) seems to be mainly due to reduc-
tions in vascular caliber rather than bronchial
dilatation'” and thus termed “mistaken identi-
ty” in an accompanying editorial.

It is not clear to what extent the increasing
prevalence of bronchiectasis, particularly in the el-
derly, reported in several countries, is due to in-
creased use of thoracic CT scans and/ or differ-
ences in diagnostic criteria (related to some of
the points above).

Etiology The “vicious cycle” hypothesis of airway
wall damage, impaired clearance of secretions,
chronic infection and inflammation, and worsen-
ing pulmonary damage, was proposed a number
of decades ago by Professor Peter Cole."® In recent
years, a number of studies exploring the microbi-
ologic as well as the inflammatory and immuno-
logic basis of bronchiectasis have provided mod-
ern evidence supporting Cole’s hypothesis.'?-?!
Neutrophils in bronchiectasis inherently have
greater activation, increased degranulation, but
impaired phagocytosis and bacterial killing.?%-?!
This “vicious cycle” and the current therapeutic
interventions directed towards its various aspects
are illustrated in FIGURE 1.
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* Nebulised hypertonic saline
* Inhaled mannitol

The concepts of “treatable traits” has been ap-
plied to the management of a number of airway
diseases, and bronchiectasis is no exception.?
The management of the condition is approached
under the headings of:

+ pulmonary (manifestations),

« etiological,

» extra-pulmonary manifestations or related con-
ditions (such as chronic rhinosinusitis and gas-
troesophageal reflux), and

« environmental/lifestyle factors.

While this approach merely formalizes the ap-
proach already undertaken by many clinicians,
it nevertheless provides a useful framework
through which to approach the management of
bronchiectasis.

As an example, TABLE 1 lists the tests recom-
mended for the investigation of the etiology of
bronchiectasis. Nevertheless, in most cases, no
specific etiology is found and is labelled “idio-
pathic.”?? While many such cases are thought to
be due to infection in early childhood (adenoviral
bronchiolitis perhaps being the best studied), sel-
dom is there compelling evidence for such an eti-
ology, and there is often the difficulty of distin-
guishing between a causative event and an infec-
tion occurring as a complication of pre-existing
disease and leading to the diagnosis.

The British Thoracic Society (BTS) guidelines’
recommend the measurement of specific anti-
body levels to identify specific polysaccharide
antibody deficiency and argue that low antibody
levels against Streptococcus pneumonia may rep-
resent an indication for the 23 valent polysac-
charide pneumococcal vaccination. Another ap-
proach is to measure the antibody response to
vaccination of those with low or borderline im-
munoglobulin levels to determine the adequacy
of the humoral immune response. Measurement



TABLE 1 Recommended investigations of the etiology of bronchiectasis, based on
guidelines of the British Thoracic Society’ and the European Respiratory Society?

* Immunoglobulin levels (but not subclasses)

* Tests for allergic bronchopulmonary aspergillosis; total IgE, aspergillus-specific
IgE/skin-prick tests

* Sweat chloride
* Nasal nitric oxide
* Evidence of connective tissue disease or inflammatory bowel disease

Abbreviations: IgE, immunoglobulin E

TABLE 2 Indications for follow-up in secondary (or tertiary) care

Etiology

* Immune deficiency syndromes

* Primary ciliary dyskinesia

* Allergic bronchopulmonary aspergillosis

* Associated connective tissue disease or inflammatory bowel disease

Severity

* High dyspnea scores

* Marked impairment of pulmonary function
* Extensive radiologic extent

* Rapid or progressive decline

High morbidity

* Large sputum volumes

* Need for long-term antibiotic therapy
* Chronic PA infection

* Chronic NTM infection

* Recurrent exacerbations (>3/year)

* Hospitalization

Abbreviations: NTM, nontuberculous mycobacteria; PA, Pseudomonas aeruginosa

of sweat chloride (to detect abnormalities of ion
and water transport), rather than genotyping, is
used to “screen” for cystic fibrosis (CF). Only if
sweat chloride is high (>60 mmol/]) or interme-
diate (40-60 mmol/1) should genotyping be un-
dertaken. If 2 causative mutations are not iden-
tified on the local panel tested, then CFTR gene
sequencing may be required. Many patients diag-
nosed with CF as adults will have retained pancre-
atic exocrine function and therefore are likely to
have been missed on newborn screening testing
based on the measurement of immune-reactive
trypsinogen. Because of the increasing availabil-
ity of cystic fibrosis transmembrane regulator
modulator therapy and the dramatic responses to
such therapy, it is important that this condition
is not missed. The measurement of nasal nitric
oxide levels is recommended as the first-line in-
vestigation for primary ciliary dyskinesia; it has
a specificity of 96% but a sensitivity of 91%." It
is useful to remember that most men with CF or
primary ciliary dyskinesia are infertile, so a his-
tory of paternity is important. Routine screen-
ing for alpha-1 antitrypsin deficiency is not rec-
ommended because of a low rate of detection.??
Bronchiectasis may be a feature of some connec-
tive tissue diseases (particularly rheumatoid dis-
ease) and inflammatory bowel diseases (ulcerative

colitis but also Crohn disease).?*

While the underlying mechanisms in bronchi-
ectasis differ from those in cystic fibrosis (where
mutations in the genes encoding the ion chan-
nel protein, cystic fibrosis transmembrane regu-
lator, cause abnormalities in ion and water trans-
port), recent studies of the mucus and airway se-
cretions from patients with bronchiectasis have
shown some similarities to the findings in CE.
In mucus from bronchiectasis patients, there is
a higher percentage of solids (an index of dehy-
dration), a dysregulation of mucus secretion with
greater amounts of MUCSB, increased mucus os-
motic pressure, and higher DNA content.?® These
factors lead to changes in the physical properties
of the mucus (increased viscosity and elastici-
ty) of a magnitude that would lead to an impair-
ment of mucociliary clearance. The solid content
of the mucus correlates with indicators of disease
severity. In a clinical component of this study,
the inhalation of nebulized hypertonic saline re-
duced mucus concentration by 25%. While nebu-
lized hypertonic saline is now a mainstay of ther-
apy in CF on the basis of good-quality evidence,
there have been only 2 small RCTs of this treat-
ment conducted in patients with bronchiecta-
sis?627 with varying results. Nevertheless, the BTS
guidelines conclude that hypertonic saline “may
improve quality of life, outcomes and sputum
clearance in individuals with bronchiectasis...”
Nebulized hypertonic saline is a cheap, well-toler-
ated treatment that influences the physical prop-
erties of airway mucus in a way that may lead to
more effective clearance of airway secretions, par-
ticularly if used in association with conventional
airway clearance strategies that remain the main-
stay of therapy in bronchiectasis."?®

However, there are fundamental differences in
the underlying pathophysiology between CF and
bronchiectasis, and treatments that may be effec-
tive in one are not necessarily effective in the oth-
er. Perhaps the best example of this is Pulmozyme
(dornase alfa, recombinant human DNase) which
is effective in CF, but has been shown to increase
the exacerbation rate in bronchiectasis.?® Thus,
it is not justified to use treatments for bronchi-
ectasis based solely on their effectiveness in CE.

There is also the danger of extrapolating from
other conditions to the management of bronchi-
ectasis. The United States bronchiectasis registry*’
demonstrated that more than a third of patients
with bronchiectasis were taking inhaled cortico-
steroids, despite a Cochrane Review on the sub-
ject showing no convincing benefit in idiopathic
bronchiectasis®' and that inhaled corticosteroids
may increase the risk of infection by nontuber-
culous mycobacteria (NTM).3?

Morbidity ~Bronchiectasis is a heterogeneous con-
dition in terms of etiology, clinical manifesta-
tions, radiologic appearance, exacerbation fre-
quency, impairment of pulmonary function, and
microbiology—and it is this heterogeneity (and
therefore varying responses) which is thought to
have contributed to the somewhat disappointing
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results of many RCTs, particularly of inhaled an-
tibiotics.** Based on clinical prediction tools®*
a number of factors have been associated with
a poorer outcome, increased morbidity and mor-
tality. These factors include high dyspnea scores,
impaired pulmonary function, the radiologic ex-
tent of disease, chronic Pseudomonas aeriguno-
sa infection, hospitalizations, and frequent ex-
acerbations. Thus, patients with one or more of
these factors, certain etiologies, and high morbid-
ity should be considered for follow-up by an in-
ternal medicine specialist. These factors are list-
ed in TABLE 2.

A previous challenge for those conducting tri-
als in bronchiectasis was the absence of a reli-
able, relevant, and responsive primary outcome.
FEV,, used in studies of asthma and chronic ob-
structive pulmonary disease, is not responsive in
bronchiectasis and may be of limited clinical sig-
nificance. Sputum measures (volume, purulence,
and inflammatory markers) are beset by techni-
cal factors and concerns about clinical relevance.
The situation has improved greatly with the de-
velopment of a consensus definition of a pulmo-
nary exacerbation®” and the validation of disease-
-specific quality-of-life measures.""'?

Bronchiectasis registers have been established
in the United States®’ and Europe,* and in time,
they should provide valuable data on etiology,
microbiology, management, and natural his-
tory of bronchiectasis. However, it is impor-
tant that these registries are representative of
the bronchiectasis population in the communi-
ty. The United States registry may not reflect
the majority of patients with bronchiectasis as
in this register, White female patients chroni-
cally infected with NTM predominated—Ilikely
a reflection of the clinical expertise in the con-
tributing centers. Disproportionately, bronchi-
ectasis is a disease of indigenous populations
(specifically in New Zealand, Australia, and Can-
ada), the poor, and the disadvantaged. The next
challenge is to recruit patients into these regis-
ters from a wider range of centers, to be more
geographically representative, and to include
ethnic minorities and the socioeconomically
disadvantaged.

Microbiology A recent study of the lung micro-
biome in bronchiectasis®® has shown that in se-
vere disease, there is a reduced diversity of bac-
terial species and that organisms such as Pseudo-
monas aerigunosa, Enterobacteriaceae, and Steno-
trophomonas predominate, both when clinically
stable and during exacerbations. Individual pa-
tients’ microbial profiles were relatively stable
over time. The evidence of limited microbiologic
change during exacerbations challenges the con-
ventional view that exacerbations are primarily
caused by bacteria, specifically Gram-negative
bacteria found in expectorated sputum cultures.

Chronic Pseudomonas aerigunosa infection is
associated with an increased exacerbation rate,
poorer quality of life, greater impairment of
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pulmonary infection, and increased mortality.
Itis for that reason that many advocate attempts
to eradicate this organism when it is first cultured.
However, there is no evidence as to what regi-
men is most effective, although the BTS guide-
lines' recommend oral ciprofloxacin for 2 weeks,
as the first of several alternatives.

The high rate of chronic infection by NTM, pre-
dominantly Mycobacteria avium-intracellulare com-
plex (MAIC) is increasingly recognized in patients
with idiopathic bronchiectasis; more than 60% in
one study.’” Many bronchiectasis patients have
NTM infection and the majority of patients with
NTM have some radiologic evidence of bronchi-
ectasis. The relationship between NTM and bron-
chiectasis is likely to be complex and bidirection-
al. Originally described in slim elderly females,
with predominantly right middle lobe bronchiec-
tasis (the so-called Lady Windermere Syndrome),
the spectrum of disease is now recognized to be
much wider. Diagnosis is based on sputum cul-
ture, as there is considerable overlap of the CT ap-
pearances of bronchiectasis and NTM infection.
The decision-making about if, when, and how to
treat NTM infection is no easier in this situation
than in others.

Aspects of management The goals of manage-
ment in bronchiectasis are to reduce symptoms,
prevent exacerbations, and to prevent further de-
cline in lung function. Therapeutic interventions
have targeted all aspects of the “vicious cycle”
(FIGURE 1). In the following paragraphs, only a lim-
ited number of theses interventions will be dis-
cussed. Nevertheless, airway clearance techniques
remain the mainstay of therapy, although even
modern studies indicate that this is undertaken
on a daily basis by only about 50% of patients.*’

Because of the adverse consequences associ-
ated with chronic Pseudomonas aerigunosa infec-
tion outlined earlier, chronic suppressive inhaled
antibiotic therapy has been suggested as a means
of reducing bacterial burden, reducing inflamma-
tion and as a result, reducing morbidity. Multi-
ple antibiotics and a variety of modes of delivery
have been trialed. While some trials have pro-
duced positive results, overall, the results have
been disappointing,?' despite demonstrated re-
ductions in bacterial load.

One of the studies producing a positive result
used an old and cheap antibiotic—the intravenous
formulation of gentamicin delivered by nebuliz-
er.’” Over the 12 months of the study, nebulized
gentamicin (compared with placebo) produced
microbiologic improvements (reduced sputum
bacterial density, an increased rate of Pseudomo-
nas aerigunosa eradication), reduced inflamma-
tion/infection (less sputum purulence and lower
inflammatory markers in sputum) and improve-
ments in patient-centered outcomes (improved
exercise capacity, fewer exacerbations, and im-
proved quality of life) but no change in lung func-
tion. Hence, nebulized gentamicin (or alternately
nebulized colistin) is a treatment recommended



by the BTS guidelines' as suppressive therapy for
patients with chronic PA infection experiencing
frequent exacerbation or other morbidity.

Given the fundamental importance of abnor-
mal mucociliary clearance in the pathogenesis of
bronchiectasis, it is not surprising that therapeu-
tic strategies to augment airway clearance tech-
niques (chest physiotherapy) have been investi-
gated. Classes of drugs studied include expecto-
rants, mucoregulators, mucolytics, and mucoki-
netic agents. Despite the attractions of cost and
safety of nebulized hypertonic saline, there are
limited data on its use (see above). Other agents
have shown nil or only limited effectiveness. For
example, a 52-week double-blind, randomized
controlled trial of inhaled mannitol (versus con-
trol) in bronchiectasis patients with chronic cough
and sputum and high rate of exacerbations, failed
to show a statistically significant reduction in ex-
acerbations but did show benefits in a number of
secondary outcomes.*®

In recent years, there has been greater atten-
tion to modulating the immune responses in or-
der to reduce symptoms, prevent exacerbations,
and reduce long-term damage to the lung. Mac-
rolides can influence various aspects of innate
immunity including suppression of neutrophil-
-mediated lung damage, improved mucociliary
clearance, and beneficial effects on the virulence
properties of bacteria. Three “large,” double-
-blind, placebo-controlled RCTs of long-term
macrolide therapy in patients with bronchiec-
tasis®®*! have demonstrated significant reduc-
tions in exacerbations and a number of other
benefits over the 6- to 12-month period. In all
studies where it was examined, long-term mac-
rolide therapy led to the development of mac-
rolide resistance, although the clinical signifi-
cance of this remains unclear. Also to be consid-
ered are cardiac and auditory complications of
macrolides, the need for care in patients with re-
nal impairment, and the requirement to exclude
NTM infection before initiating such therapy.
In view of this, and considering responsible an-
tibiotic stewardship, macrolide therapy should
not be used in all patients with bronchiectasis.
An individual patient data meta-analysis failed
to identify subgroups more likely to respond.*?
The potential benefits need to be weighed against
the risks of adverse effects and the development
of resistance. The BTS guidelines' recommend
that macrolide therapy (azithromycin 250 mg 3
times per week) be reserved for those with high
morbidity, poorly controlled bronchopulmona-
ry suppuration, and/ or more than 3 exacerba-
tions per year.

Previous studies have examined means of en-
hancing the immune response and thus facil-
itating bacterial suppression or eradication in
bronchiectasis. However, there is evidence to sug-
gest that there is an exuberant inflammatory re-
sponse (to infection) in bronchiectasis and that
this is at least in part responsible for lung dam-
age; a sort of “collateral damage.” Reducing this
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excessive response without overly suppressing
the immune response may be beneficial.

Dipeptidyl peptidase 1, also known as cathep-
sin C, is the enzyme responsible for the activa-
tion of the neutrophil serine proteases (neu-
trophil elastase, proteinase 3, and cathepsin G)
found within cytoplasmic granules of the neutro-
phil and which can cause lung damage through
a variety of mechanisms. Brensocatib is an oral,
reversible, partial inhibitor of dipeptidyl pepti-
dase 1. A double-blind, placebo-controlled, ran-
domized phase II study of brensocatib in bronchi-
ectasis’® demonstrated reduced rates of exacerba-
tions without significant adverse effects such as
compromised antibacterial defenses. A phase III
study is underway. It is likely that future studies
in bronchiectasis will also focus on modulating
the immune response.

An issue that exercises clinicians is the role of
surgical resection of affected lung in the manage-
ment of bronchiectasis. Guidelines are relatively
silent on this issue; not surprisingly, in view of
the lack of data on which to base recommenda-
tions. What is still probably the best summary of
the situation was written by the famous Scottish
respiratory physician, Sir John Crofton, in 1966:

Most physicians would agree that surgical
treatment is highly successful in patients with
moderate or severe symptoms, whose bron-
chiectasis is localized to a single lobe or seg-
ment and without clinical or bronchograph-
ic evidence of bronchiectasis or bronchitis af-
fecting other parts of the lung. Unfortunate-
ly such cases are relatively rare.

A decision regarding surgery is therefore dif-
ficult. Many patients have such extensive bilat-
eral disease that surgery is out of the question.
In others, symptoms are so mild and so easily
controlled medically that the discomfort and
slight risk of resection seem hardly justifiable.
Between these extremes are many patients in
whom the balance of decision is more even.**

The situation is little changed and the deci-
sions are no easier. Surgical resection is general-
ly only considered in those with localized disease
and symptoms that are poorly controlled despite
conventional therapy. However, resectional sur-
gery may be considered for those with more ex-
tensive disease, if there are symptoms of poor-
ly controlled bronchopulmonary suppuration
with frequent exacerbations and if the majority
of disease is resectable. Surgery may also be con-
sidered for those experiencing life-threatening
complications; for example, hemoptysis, unre-
sponsive to or unsuitable for bronchial artery
embolization, as long as the site of bleeding can
be confidently identified. Other factors to con-
sider when contemplating surgery are listed in
TABLE 3. Although there are limited data, surgi-
cal resection for bronchiectasis is still associat-
ed with significant morbidity and mortality. In
arecent large series® of 53 patients undergoing
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9 Martinez-Garcia MA, de Grade J, Vendrell Relat M, et al. Multidimen-
sional approach to non-cystic fibrosis bronchiectasis; the FACED score. Eur
Respir J. 2014; 43: 1357-1367. (7'

ols the di limited and | lized? 10  McDonnell MJ, Aliberti S, Geominne PC, et al. Comorbidities and
S the disease imited and localized: the risk of mortality in patients with bronchiectasis: an international cohort
* Does the patient have poorly controlled symptoms and/or frequent exacerbations study. Lancet Respir Med. 2016; 4: 969-979. (7'

despite optimal treatment? 11 Bedi P, Chalmers JD, Geominni PC, et al. The BRICS (Bronchiectasis

« Has the patient had life-threatening complications which cannot be managed by Radiologically Indexed CT Score). A multi centre study score for use in idio-
other means? pathic and post-infective bronchiectasis. Chest. 2018; 153: 1177-1186. ('

oH h . d | habilitation? 12 Quittner AC, Cruz I, Marciel KK, et al. Development and cognitive test-
as the patient undergone recent pulmonary rehabilitation? ing of the Quality of Life Questionnaire for Bronchiectasis (Q0L-B). Amer J
* Has the patient’s nutritional status been optimized?

Respir Crit Care Med. 2009; 179: A4310. ('
* Does the patient have adequate cardiopulmonary reserve to tolerate planned 13 Spinou A, Siegert RJ, Guan WJ, et al. The development and valida-
resection?

tion of the Bronchiectasis Health Questionnaire. Eur Respir J. 2017; 49:
. ) R - 1601532. (7'

* Has the patient's care been assessed in a multidisciplinary meeting? 14 Aliberti S, Masefield S, Polverino E, et al. Research priorities in bronchi-

* Is lung transplantation an alternative management strategy?

* Has the patient been informed of the risks and benefits of surgery?

TABLE 3 Factors to consider when contemplating surgical resection in bronchiectasis

Questions to be addressed

ectasis: a consensus statement from the EMBARC Clinical Research Collab-
oration. Eur Respir J. 2016; 48: 632-647. ('

surgical resection and in whom medical therapy
was “unsuccessful,” there were 2 deaths (4%) and
25% experienced significant postoperative com-
plications. There was no change in exercise capac-
ity, but there was an improvement in quality of
life which was greatest in those with the poorest
preoperative quality of life. Thus, while the pen-
dulum against surgical resection for bronchiec-
tasis may have swung too far and while surgery
may still have a role in selected patients, it is not
without significant risk.

As indicated at the beginning, this article is
not a comprehensive review of bronchiectasis
and its management; rather, a few select topics
have been discussed. For further and more de-
tailed information, the reader is directed to oth-
er recent publications.'*
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