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ABSTRACT

The diagnosis, investigation and particularly management
of bronchiectasis has been largely empirical and the
subject of relatively few controlled clinical trials. There are
no clear guidelines, although an Australian position
statement has been published concerning bronchiectasis
in children. The purposes of these guidelines were
therefore threefold: (1) to identify relevant studies in non-
cystic fibrosis (CF) bronchiectasis; (2) to provide guidelines
on management based on published studies where
possible or a consensus view; and (3) to identify gaps in
our knowledge and identify areas for future study.

SUMMARY OF RECOMMENDATIONS

Section 2: Background and causes

Congenital defects of large airways

» Congenital defects should be considered in all
patients with bronchiectasis. [D]

Foreign bodies and aspiration
» Gastric aspiration should be considered as
a cause in all patients. [D]

What is the current relevance of previous severe lower
respiratory tract infections to patients with
bronchiectasis?

» A history of previous severe lower respiratory
tract infections due to bacterial and viral
pneumonia, pertussis or tuberculosis should be
sought in all patients with bronchiectasis. [C]

> Where possible, the temporal relationship of
identified infections to the onset of chronic
respiratory symptoms should be determined. [D]

Mycobacterium tuberculosis and opportunist

mycobacteria

» All patients with repeated isolates of oppor-
tunist mycobacteria should have regular follow-
up in secondary care. [D]

Immune deficiency and bronchiectasis

» The possibility of underlying immune deficiency,
particularly antibody deficiency, should be
considered in all children and adults with
bronchiectasis. [A]

» Serious, persistent or recurrent infections, partic-
ularly involving multiple sites, or infections
with opportunist organisms should raise the
suspicion of immune deficiency. [D]

» The possibility of symptomatic or clinically
silent bronchiectasis should be considered as
a potential complication in all patients with
immune deficiency, particularly primary anti-
body deficiency. [D]
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» In patients with immune deficiency and patients
with bronchiectasis, features in the history or
clinical examination which may support the
coexistence of both conditions should be consid-
ered and adequately assessed. [D]

» In patients with suspected or proven immune
deficiency and bronchiectasis in combination,
specialist aspects of diagnosis, monitoring and
management should optimally be provided
within a shared specialist care arrangement
(joint working between chest physician and
immunologist). [D]

What is the relationship of other airway diseases to

bronchiectasis?

What are the features of allergic bronchopulmonary

aspergillosis (ABPA) as a cause of bronchiectasis?

> All patients with bronchiectasis should be
assessed for evidence of ABPA which is a clinical
diagnosis based on presentation and immuno-
logical tests (Aspergillus-specific IgE and IgG).
[D]

Is asthma a cause of bronchiectasis?
» In adults, asthma should be considered as the

cause of bronchiectasis if no other cause is
identified. [D]

Primary bronchiolar disorders

» The possibility of diffuse panbronchiolitis
should be considered in patients of Far Eastern
ethnic origin. [D]

What is the relationship of bronchiectasis to cystic

fibrosis?

» For all patients with bronchiectasis, the possi-
bility of underlying cystic fibrosis should be
considered (see section 3). [D]

Which connective tissue disorders are associated with

bronchiectasis?

> A history of rheumatoid arthritis should be
sought in all patients with bronchiectasis. [D]

» Closer follow-up of patients with rheumatoid
arthritis-related bronchiectasis is warranted in
view of a poorer prognosis. [C]

Inflammatory bowel diseases

> Bronchiectasis should be considered in patients
with inflammatory bowel disease who develop
a chronic productive cough. [D]

Disorders of ciliary function

» In all children with bronchiectasis, a detailed
history of the neonatal period should be taken.
[D]
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» In children and adults with bronchiectasis, a history of
chronic upper respiratory tract problems, particularly otitis
media, should be sought. [D]

> Adults should be questioned about any history of infertility.
[D]

Is o-antitrypsin deficiency a cause of bronchiectasis?

> Routine screening for aj-antitrypsin deficiency is not required
unless the radiological investigations suggest basal emphy-
sema. [D]

Yellow nail syndrome
> The assessment of patients with bronchiectasis should
include a search for features of yellow nail syndrome. [D]

The upper respiratory tract in patients with bronchiectasis
» Every patient with bronchiectasis should have an assessment
of upper respiratory tract symptoms. [D]

Section 3: Clinical assessment and investigations

Who to investigate for bronchiectasis

Which children should be investigated for bronchiectasis?

> Consideration should be given to evaluating a child for
bronchiectasis who presents with: [D]

» Chronic moist/productive cough, especially between viral
colds or with positive bacterial cultures.

> Asthma that does not respond to treatment.

> A single positive sputum culture, in the setting of chronic
respiratory symptoms, for Staphylococcus aureus, Haemophilus
influenzae, Pseudomonas aeruginosa, non-tuberculous mycobac-
teria or Burkholderia cepacia complex.

> An episode of severe pneumonia, particularly if there is
incomplete resolution of symptoms, physical signs or
radiological changes.

> Pertussis-like illness failing to resolve after 6 months.

> Recurrent pneumonia.

> Persistent and unexplained physical signs or chest radio-
graphic abnormalities.

» Localised chronic bronchial obstruction.

> Respiratory symptoms in children with structural or func-
tional disorders of the oesophagus and upper respiratory
tract.

> Unexplained haemoptysis.

> Respiratory symptoms with any clinical features of cystic
fibrosis, primary ciliary dyskinesia or immunodeficiency.

Which adults should be investigated for bronchiectasis?
» Bronchiectasis should be considered in all adults who have:
[D]
> Persistent productive cough. Factors favouring further inves-
tigation are any one of the following:
— young age at presentation;
— history of symptoms over many years;
— absence of smoking history;
— daily expectoration of large volumes of very purulent
sputum;
— haemoptysis;
— sputum colonisation with Pseudomonas aeruginosa.
» Unexplained haemoptysis or non-productive cough.
> Patients thought to have chronic obstructive pulmonary
disease may have bronchiectasis alone or in addition and
referral for investigation is appropriate if:
— management is not straightforward;
— there is slow recovery from lower respiratory tract
infections;

— recurrent exacerbations;
— there is no history of smoking.

Clinical presentation of bronchiectasis

What are the symptoms and signs of bronchiectasis in children?

> Respiratory symptoms, particularly cough and sputum
production, should be assessed and recorded in all children
with bronchiectasis. [D]

» There should be a high index of suspicion for diagnosing
bronchiectasis in children with chronic respiratory symp-
toms. [D]

» The finding of persistent lung crackles on auscultation should
alert the clinician to possible underlying bronchiectasis. [D]

What symptoms and signs should be assessed in an adult with

bronchiectasis?

> Assessment of symptoms in patients with bronchiectasis
should include a record of both sputum purulence and
estimated or measured 24 h sputum volume when clinically
stable. [D]

» The number of infective exacerbations per annum should be
noted including frequency and nature of antibiotic usage. [D]

Investigations directed at underlying cause

Why should the underlying cause of bronchiectasis be established?

> Investigations should be performed to establish the cause and
severity of disease. [D]

What blood tests should be performed?

The following should be measured in all patients:

> serum immunoglobulins (IgG, IgA, IgM) and serum electro-
phoresis; [A]

> serum IgE, Aspergillus fumigatus RAST/CAP and aspergillus
precipitins. [C]

What immunological tests should be done on all patients?

> All patients with bronchiectasis should be screened at
presentation for gross antibody deficiency by routine
measurement of serum IgG, IgA and IgM levels and serum
electrophoresis. [A]

> Respiratory and immunology units should develop additional
local protocols for screening assessment of humoral responses
to specific antigens; such screening may be universal (applied
to all cases of bronchiectasis) or targeted (directed only at
higher risk cases in whom common underlying causes of
bronchiectasis have been excluded or who have other features
of potential antibody deficiency) according to local preference
or circumstances and should comprise [D]:

> measurement of baseline specific antibody levels against
tetanus toxoid and the capsular polysaccharides of both
Streptococcus pneumoniae and Haemophilus influenzae type b (or
suitable alternative peptide and polysaccharide antigens);

> immunisation with appropriate vaccines followed by re-assay
of individual specific antibody responses after 21 days where
screening baseline levels are low.

» Where screening tests or clinical presentation indicate that
further immunological investigation is warranted, this should
be planned and undertaken within an agreed and integrated
respiratory/immunology protocol. [D]

What are the second-line immunological investigations and when

should they be performed?

Consideration of second-line assessment of immune competence

is necessary in the following circumstances:

> Antibody screening investigations have demonstrated the
presence of an antibody deficiency disorder (to refine
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diagnosis, detect immune complications and plan treatment).

[D]

» In the presence of normal antibody screening test results

where the following are present [D]:

— clinical suspicion of immune deficiency (short stature, facial
abnormality, cardiac lesions, hypocalcaemia, cleft palate,
oculocutaneous telangiectasis, eczema, dermatitis, pete-
chiae, manifestations of endocrinopathy, unexplained
failure to thrive, enlargement of absence of lymphoid
tissues, unexplained organomegaly, unexplained joint
symptoms);

— a family history of known or suspected immune deficiency;

— infections which are serious, involving a threat to life,
tissue destruction or which require/have required surgical
intervention (eg, lobectomy, tonsillectomy, insertion of
grommets, incision of boils), are persistent or recurrent
despite multiple or prolonged courses of antibiotics, involve
unusual/opportunist microorganisms or involve multiple
sites (eg, sinuses or middle ear in addition to the bronchial
tree).

When should patients have gastrointestinal investigations?

» There should be a low threshold for gastrointestinal
investigations in children. [D]

> Gastric aspiration should be considered in patients following
lung transplantation. [D]

When should patients have investigations to exclude cystic fibrosis?
> All children and all adults up to the age of 40 presenting with
bronchiectasis should have investigations for cystic fibrosis.
(D]
> In adults, investigations should also be considered in those
with [D]:
— age at presentation >40 years and no other identified cause;
— persistent isolation of Staphylococcus aureus in the sputum;
— features of malabsorption;
— male primary infertility;
— upper lobe bronchiectasis;
— a history of childhood steatorrhoea.
> Screening investigations should include both [D]:
— two measurements of sweat chloride;
— CFTR genetic mutation analysis.

When should patients have tests of ciliary function? What are the

best tests to identify ciliary defects?

» Ciliary investigations should be considered in children with
bronchiectasis when there is [D]:
— no other cause for bronchiectasis identified;
— a history of continuous rhinitis since the neonatal period;
— a history of neonatal respiratory distress;
— dextrocardia.

» Ciliary investigations should be considered in adults only if
there is a history of chronic upper respiratory tract problems
or otitis media. Factors favouring investigation include [D]:
— problems since childhood;
— childhood chronic otitis media;
— predominantly middle lobe bronchiectasis;
— infertility or dextrocardia.

» For adults, the saccharin test and/or exhaled nasal nitric oxide
may be used to screen out those not requiring detailed ciliary
function tests. [D]

What are the indications for bronchoscopy?
» In children, bronchoscopy is indicated when bronchiectasis
affects a single lobe to exclude a foreign body. In some
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acutely ill patients it may achieve a useful microbiological
result. [D]

» In adults with localised disease, bronchoscopy may be
indicated to exclude proximal obstruction. [D]

> In adults, bronchoscopy and bronchoscopic sampling of the
lower respiratory tract does not have a place in the routine
investigation of patients with bronchiectasis. [D]

> For patients in whom serial testing of sputum does not yield
microbiological information and who are not responding well
to treatment, bronchoscopic sampling of lower respiratory
tract secretions may be indicated. [D]

» Bronchoscopy is indicated if high-resolution CT (HRCT)
suggests atypical mycobacterial infection and sputum culture
is negative. [D]

> Cytological examination of bronchoscopic specimens can
provide evidence supporting gastric aspiration. [D]

Radiological investigations

What is the role of a chest x-ray?

> A baseline chest x-ray should be done in all patients. [D]

> Repeat chest x-rays need only be done if clinically indicated. [D]

What is the role of HRCT?
> HRCT is the radiological investigation of choice to establish
the diagnosis of bronchiectasis. [D]

What is an optimum HRCT protocol for defining bronchiectasis?
» Standard HRCT protocol, single detector CT scanner. [D]
— patient position: supine, breath holding at full inspiration;
optional ECG gating 120—140 kV; 100—180 mAs (dependent
on patient habitus); acquisition time <1 s;
— beam collimation 1 mm; 1 cm intervals;
— reconstruction with ‘very sharp’ kernel.
» Volumetric HRCT protocol, 64-channel CT scanner. [D]
— patient position: supine, breath holding at full inspiration
120—140 kV; 120 effective mAs; rotation time 0.5 s;
— detector collimation 0.6 mm; section thickness 1 mm; pitch
0.9;
— reconstruction with ‘very or ultra sharp’ kernel.

What are the HRCT features of bronchiectasis?

» Bronchial wall dilation (internal lumen diameter greater than
accompanying pulmonary artery or lack of tapering) is the
characteristic feature of bronchiectasis. [D]

» Bronchial wall thickening is often also present though harder
to define. [D]

Can HRCT identify features of specific causes?

» HRCT features may be suggestive of certain underlying
conditions but require correlation with clinical and laboratory
assessments. [D]

» HRCT images should be examined for features suggesting
ABPA, cystic fibrosis, immotile cilia, opportunist mycobac-
teria and tracheobronchomegaly. [D]

How are HRCT changes related to lung function?
» The severity of bronchiectasis on HRCT correlates with
measures of airflow obstruction. [D]

How often should radiological investigations be repeated?
> Routine repeat chest x-ray or HRCT is not necessary; repeat

imaging should be considered when there is clinical need.
[D]
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» In cases of humoral immune deficiency, repeat HRCT at
intervals may be necessary to detect asymptomatic progres-
sion. This should be discussed with the patient’s clinical
immunologist. [D]

What scoring systems should be used for research?

> Scoring systems based on studies of patients with cystic
fibrosis are the best currently available and should be used
until disease-specific scoring systems are available. [D]

Sputum microbiology

Which organisms are isolated from the lower respiratory tract in

bronchiectasis?

> All children and adults with bronchiectasis should have an
assessment of lower respiratory tract microbiology. [D]

> Persistent isolation of Staphylococcus aureus (and/or Pseudo-
monas aeruginosa in children) should lead to consideration of
underlying ABPA or cystic fibrosis. [D]

How and when should standard microbiology be performed? At what

interval should it be repeated?

> Respiratory tract specimens should be obtained in all patients
with bronchiectasis. [D]

» To maximise the chances of isolating Haemophilus influenzae
and Streptococcus pneumoniae, specimens should reach the
microbiology laboratory within 3 h. [D]

Lung function tests

Which lung function tests should be performed in children?

» In all children who are old enough (usually aged >5 years)
forced expiratory volume in 1s (FEV)), forced vital capacity
(FVC) and forced expiratory flow (FEF;s575) should be
measured at initial assessment. [D]

Which lung function tests should be performed in adults?

» All adults with bronchiectasis should have measures of FEV},
FVC and peak expiratory flow (PEF). [D]

> Repeat assessment of FEV;, FVC and PEF should be made
at least annually in those patients attending secondary care.
[D]

» Patients with immune deficiency or primary ciliary dyskinesia
should have measurements of FEV; and FVC at least four
times each year. [D]

> Measurement of lung volumes and gas transfer coefficient
may help in the identification of other causes of airflow
obstruction such as chronic obstructive pulmonary disease/
emphysema. [D]

> Reversibility testing may identify improvement in lung
function after bronchodilators and should always be consid-
ered if airflow obstruction is identified, especially in young
people. [D]

Is there a role for exercise testing in bronchiectasis?

> Exercise tests have a role in investigating children in whom
symptoms are out of keeping with lung function or HRCT
measurements. [D]

> In adults, exercise testing should be part of a pulmonary
rehabilitation programme. [D]

Can lung function tests be used to assess response to antibiotic

treatment?

» Routine measurement of lung function is not necessary in
the assessment of response to short-term antibiotic therapy

but, if performed, may offer objective evidence of improve-
ment. [D]

» FEV; and FVC should be measured before and after
intravenous antibiotic therapy as this may give objective
evidence of improvement. [D]

> Spirometry and lung volumes should be measured in all
patients before and after commencing long-term oral or
nebulised antibiotic therapy. [D]

Section 4: Management: principles and general approach

General approach and treatment of the specific underlying cause

> Identify and treat underlying cause to prevent disease
progression. [D]

> Maintain or improve pulmonary function. [D]

> Reduce exacerbations. [D]

» Improve quality of life by reducing daily symptoms and
exacerbations. [D]

» In children, achieve normal growth and development. [D]

> Patients with primary or secondary immune deficiency
should be under joint care with a clinical immunologist. [D]

> Patients with cystic fibrosis should be referred to a cystic
fibrosis specialist centre. [D]

Role of primary care

What is the interface between primary and secondary care?

Patients who should have regular follow-up in secondary care

include: [D unless stated]

» all children with bronchiectasis;

> patients with chronic Pseudomonas aeruginosa, opportunist
mycobacteria or methicillin-resistant S aureus colonisation;

> deteriorating bronchiectasis with declining lung function;

> recurrent exacerbations (>3 per year);

> patients receiving prophylactic antibiotic therapy (oral or
nebulised);

> patients with bronchiectasis and associated rheumatoid
arthritis [C], immune deficiency inflammatory bowel
disease and primary ciliary dyskinesia;

> patients with ABPA;

> patients with advanced disease and those considering trans-
plantation.

Role of nurses

What role do nurses play in the management of bronchiectasis?

> Primary and secondary care nurses should receive training in
the management of bronchiectasis. [B]

Physiotherapy: airway clearance techniques and exercise

Which airway clearance technique(s) should be taught?

> A patient should be made aware of the airway clearance
techniques available. [D]

» HRCT images should be reviewed to complement the
physiotherapy assessment and assist planning appropriate
clearance techniques. [D]

> Patients should, where possible, be encouraged to be
independent with their chosen airway clearance technique.
[D]

> Patient preference and adherence to treatment must be taken
into account. [D]

» The active cycle of breathing techniques (plus postural
drainage) and oscillating positive expiratory devices (plus
postural drainage and the forced expiration technique) should
be considered when offering individuals with non-CF
bronchiectasis effective airway clearance techniques. [A]
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» The inclusion of postural drainage should be considered for all
airway clearance techniques. [B]

» The inclusion of the forced expiration technique should be
considered for all airway clearance techniques. [B]

> Autogenic drainage and positive expiratory pressure may be
offered to patients as an alternative airway clearance
technique in non-CF bronchiectasis if other techniques are
not effective or acceptable to the patient. [D]

» Where postural drainage is essential for clearing secretion in
a breathless patient, consider offsetting the increased load by
the use of non-invasive ventilatory support, such as non-
invasive ventilation or intermittent positive pressure
breathing. [D]

> Modified gravity-assisted positions (no head-down tilt)
should be offered where the conventional tipped position is
contraindicated or unacceptable to the patient. [D]

» During an acute exacerbation or when the patient is more
fatigued than usual, manual techniques may be offered as
a part of an airway clearance technique regimen. [D]

Are adjuncts to airway clearance techniques useful?

> Sterile water inhalation may be used before airway clearance
to facilitate clearance. [B]

» The use of nebulised normal saline prior to airway clearance
could be considered to increase sputum yield, reduce sputum
viscosity and improve ease of expectoration. [B]

» The use of nebulised hypertonic saline prior to airway
clearance could be considered to increase sputum yield, reduce
sputum viscosity and improve ease of expectoration. [B]

» When nebulised hypertonic saline is first administered, FEV;
or PEF readings should be done before and 5 min after
treatment to assess for possible bronchoconstriction. [D]

» When nebulising hypertonic saline, pretreat with a broncho-
dilator in those with bronchial hyper-reactivity. [D]

» Consider using nebulised B, agonists prior to treatment to
enhance sputum clearance. [B]

> Non-invasive ventilation/intermittent positive pressure
breathing may be used to augment tidal volume and reduce
the work of breathing in those patients who are becoming
fatigued and finding their standard airway clearance difficult. [D]

How soon should the patient be reviewed after the initial

assessment?

> Effectiveness and acceptability to the patient of the airway
clearance technique should be reviewed within approximately
3 months of the initial visit. [D]

What is the role of exercise?

» Pulmonary rehabilitation should be offered to individuals who
have breathlessness affecting their activities of daily living. [B]

» Inspiratory muscle training can be used in conjunction with
conventional pulmonary rehabilitation to enhance the
maintenance of the training effect. [B]

Airway pharmacotherapy

Are mucolytics and hyperosmolar agents of benefit in the long term

to patients with bronchiectasis?

» Recombinant human DNase should not be used in adults
with bronchiectasis. [A]

» Recombinant human DNase should not be used in children
with bronchiectasis. [D]

Are bronchodilators of use in bronchiectasis?
> [t seems appropriate to assess patients with airflow
obstruction for reversibility to P, agonist and anticholinergic
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bronchodilators and to institute therapy where lung function
or symptoms improve on therapy. [D]
> Methylxanthines have no routine role in bronchiectasis. [D]

Are inhaled corticosteroids a useful treatment for bronchiectasis?

> Inhaled steroids should not be used routinely in children with
bronchiectasis (outside of use for those patients with
additional asthma) (see comments below). [D]

» In adults, current evidence does not support routine use of
inhaled corticosteroids in bronchiectasis (outside of use for
those patients with additional asthma). [B]

Leukotriene receptor antagonists and other anti-inflammatory agents
» There is no evidence for a role for leukotriene receptor antagonists
or other anti-inflammatory drugs in bronchiectasis. [D]

Section 5: Management: antibiotic therapy

Defining and managing exacerbations

Which antibiotic regimen is recommended for exacerbations in

adults?

> Before starting antibiotics, a sputum sample should be sent
off for culture. [D]

» Empirical antibiotics should be started while awaiting
sputum microbiology. [D]

» If there is no previous bacteriology, first-line treatment is
amoxicillin 500 mg three times a day [B] or clarithromycin
500 mg twice daily (in patients who are penicillin-allergic) for
14 days. [C]

» High-dose oral regimens (eg, amoxicillin 1 g three times a day
or amoxicillin 3 g twice daily may be needed in patients with
severe bronchiectasis chronically colonised with Haemophilus
influenzae. [B]

> Ciprofloxacin should be used in patients colonised with
Pseudomonas aeruginosa with cautious use in the elderly. [B]

> Previous sputum bacteriology results can be useful in
deciding which antibiotic to use. Table Al highlights the
recommended first-line and alternative treatments for the
common bacterial pathogens implicated in exacerbations of
bronchiectasis. [C]

> Antibiotics can be modified subsequently once the pathogen
is isolated only if there is no clinical improvement and the
treatment should then be guided by antibiotic sensitivity
results. [D]

> Failure to respond to an antibiotic course should prompt
a repeat sputum culture. [D]

» Intravenous antibiotics should be considered when patients
are particularly unwell, have resistant organisms or have
failed to respond to oral therapy (this is most likely to apply
to patients with Pseudomonas aeruginosa). [C]

> There is no evidence to support the routine use of antiviral
drugs in exacerbations. [D]

When are combination (dual) antibiotic regimes required?

Adults

» Combination antibiotics are not required in patients colonised
with Haemophilus influenzae, Moraxella catarrhalis, Staphylo-
coccus aureus (methicillin-sensitive) and Streptococcus pneumo-
niae. [D]

> If there is more than one pathogen, select an antibiotic that
will cover both pathogens. If this is not feasible due to
resistance patterns, combination antibiotics may be required.
[D]

> In patients who culture Pseudomonas aeruginosa that is
sensitive to ciprofloxacin, monotherapy with oral ciproflox-
acin can be used as first-line treatment (table Al). [B]
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» In patients who have not responded to oral ciprofloxacin,
monotherapy with an antipseudomonal intravenous antibi-
otic should be considered (table Al). [D]

> Combination antibiotics should be used for infections due to
strains of Pseudomonas aeruginosa that are resistant to one or
more antipseudomonal antibiotics (including ciprofloxacin)
or if the clinician suspects the patient will require many
subsequent antibiotic courses to reduce the development of
drug resistance. [D]

» MRSA should be treated with two oral antibiotics or a single
intravenous agent (see table Al). [D]

» Intravenous aminoglycosides should only be used with
appropriate and robust dosing and monitoring systems in
place that have been agreed with local microbiologists and
pharmacists (Appendix 1). [D]

Children

» In children who culture Pseudomonas aeruginosa that is
sensitive to ciprofloxacin, monotherapy with oral ciproflox-
acin can be used (table Al). [B]

» Those children whose sputum cultures yield pathogens with
multiple resistant patterns should be considered for combi-
nation antibiotic therapy (in particular for Pseudomonas
aeruginosa) (table Al). [D]

> Identification of MRSA infection should prompt a dedicated
eradication programme that in children may include a course
of intravenous antibiotics, should oral antibiotics be unsuc-
cessful (table Al). [D]

Do long-term oral antibiotics influence long-term outcome in adults?

> Patients having =3 exacerbations per year requiring antibiotic
therapy or patients with fewer exacerbations that are causing
significant morbidity should be considered for long-term
antibiotics. [C]

» In the first instance, high doses should not be used to
minimise side effects. [C]

> The antibiotic regimen should be determined by sputum
microbiology when clinically stable (table AII). [D]

> Long-term quinolones should not be used until further
studies are available. [C]

> Macrolides may have disease-modifying activity and preliminary
data suggest the need for a large randomised controlled trial. [C]

Do long-term nebulised antibiotics influence long-term outcome in

adults?

> Patients having =3 exacerbations per year requiring antibiotic
therapy or patients with fewer exacerbations that are causing
significant morbidity should be considered for long-term
nebulised antibiotics. [C]

» In such patients, long-term nebulised antibiotics should be
considered if chronically colonised with Pseudomonas aerugi-
nosa (table AlI). The choice of antibiotic should be guided
by the antibiotic sensitivity results. Further studies are
needed to address the optimal antibiotic choice and doses
required. [C]

Antibiotic resistance

What is the impact of long-term antibiotics on antibiotic resistance in

adults?

> Long-term antibiotics may result in antibiotic resistance in
individual patients and alternative antibiotics should be
chosen depending on sensitivity results. [D]

> Long-term ciprofloxacin should not be used. [D]

Is there clinical relevance of in vitro antibiotic resistance patterns in

adults and children?

> Treatment should be guided by antibiotic sensitivity results
but is often empirical based on previous sputum bacteriology.
[D]

> Some patients may respond to antibiotic treatment despite
resistance to that drug in vitro. Antibiotics should only be
changed if there is no clinical response. [D]

Section 6: Surgery, complications of bronchiectasis and

management of advanced disease

Surgery for bronchiectasis

Is there a role for surgery in the management of patients with

bronchiectasis?

> Lung resection surgery may be considered in patients with
localised disease in whom symptoms are not controlled by
medical treatment. [D]

» Patients undergoing surgery should have a review by a chest
physician before referral. [D]

Massive haemoptysis
> Bronchial artery embolisation and/or surgery is first-line
therapy for the management of massive haemoptysis. [D]

Non-invasive ventilation

> Non-invasive ventilation can improve quality of life in some
patients with chronic respiratory failure due to bronchiec-
tasis. [D]

» Evidence for survival benefit is lacking, although some
patients are successfully treated with non-invasive ventila-
tion for significant lengths of time which may reduce
hospitalisations. [D]

Section 1: Introduction

Reason for BTS bronchiectasis guideline

The diagnosis, investigation and particularly management of
bronchiectasis has been largely empirical and the subject of
relatively few controlled clinical trials. There are no clear
guidelines, although an Australian position statement has been
published concerning bronchiectasis in children.*"?

The purposes of these guidelines were therefore threefold: (1)
to identify relevant studies in non-cystic fibrosis (CF) bronchi-
ectasis; (2) to provide guidelines on management based on
published studies where possible or a consensus view; and (3) to
identify gaps in our knowledge and identify areas for future
study.

Guideline group members

The membership of the BTS Bronchiectasis (non-CF) Guideline
Group is as follows: Dr Mark C Pasteur, Dr Diana Bilton, Dr Adam
T Hill, Professor Andrew Bush, Dr Charles Cornford, Dr Steven
Cunningham, Dr Xavier Emmanuel, Jane French, Dr Mike
Greenstone, Professor David M Hansell, Alex Harvey, Dr Richard
Herriot, Karen Heslop, Dr Pota Kalima, Frances Sinfield, Dr
Samantha Sonnappa, Dr David A Spencer, Professor Robert A
Stockley, Lorna Willcox, Dr Robert Wilson, Mr G Wyn Parry. The
assistance of Julia Bott, Jennifer Pryor and Dr Colin Wallis is
gratefully acknowledged. The full list of contributors for each
section of the guideline is given in Appendix 4.

How has the guideline been designed?
The guideline is divided into sections covering different aspects
of the management of the condition. Guidance for children and
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adults is dovetailed together throughout to avoid repetition
while acknowledging differences between these groups. Areas of
particular or sole relevance to one or other of these groups are
indicated. Sections 2 and 3 cover the background, clinical
assessment and investigation of patients (including appropriate
radiological and laboratory investigations). The principles and
broad approach to management are discussed in Section 4
including recommendations for physiotherapy and non-antibi-
otic drug treatment. The use of antibiotics is covered in Section
5 and surgery and the management of advanced disease is
covered in Section 6.

Definition

This guideline refers to the investigation and management of
patients with symptoms of persistent or recurrent bronchial
sepsis related to irreversibly damaged and dilated bronchi—
namely, clinical bronchiectasis. It does not cover the manage-
ment of cystic fibrosis (CF) and, for the purposes of the guideline,
‘bronchiectasis’ is synonymous with the term ‘non-CF bron-
chiectasis’. Likewise, it does not focus on traction bronchiectasis
secondary to other lung pathologies, particularly the interstitial
lung diseases, which is commonly asymptomatic.

Methods

A literature search was performed using the following databases:
Pubmed, Cinahl, Embase and AMED using the combined search
terms ‘bronchiectasis’ and not CF’ which resulted in 1803
references published in English. The abstract for each reference
was retrieved and reviewed by each of the three members of the
steering committee. The steering committee then decided, on
the basis of the abstract, whether the full paper should be
reviewed. Papers were the assigned to one or more of the three
working groups based on their relevance to each section and read
by each member of the group. Those papers with information
relevant to the guideline were included in the final document.
The methods for assessing the level of evidence for each paper
and the grading of recommendations were those developed by
the Scottish Intercollegiate Guidelines Network (SIGN) and as
used in the British Thoracic Society (BTS)/SIGN British guide-
line on the management of asthma (see table 1). The evidence

the grade of recommendation follows each recommendation
statement. This guideline is due for revision in 2011.

How common is bronchiectasis in adults and children in the 21st
century?
The incidence of bronchiectasis in a given community is largely
unknown. There is a general belief that the incidence is falling,
although the evidence for such a belief is unclear. Several studies
of hospital admission with bronchiectasis have shown a reduction
since the 1950s.%° 472 4”7 Most of this change has been attributed
to the introduction of antibiotics and, for this reason, bronchi-
ectasis is no longer considered a major healthcare problem.
However, the incidence, when assessed, does vary widely
between populations from 3.7/100000 children in New
Zealand*™ to 52/100000 adults in the USA.*®! In the UK there
are no recent studies, although mass chest x-ray features of
bronchiectasis in the 1950s suggested a prevalence of 100/
100000.%* The prevalence increases with age.*® Some of these
population studies, many of which were conducted years ago,
have not included modern diagnostic techniques and specifically
high-resolution CT scanning (HRCT). The importance of this
issue is that, whereas the disease severity may have shown
a gradual shift, the true incidence remains unknown in most
populations. For instance, the pathological changes of bronchi-
ectasis have been identified using HRCT in up to 15—30% of
patients diagnosed in primary care with chronic bronchitis and
chronic obstructive pulmonary disease (COPD).?!? 22° This may
represent a new case load of patients with clinically significant
bronchiectasis or a mild pathological change in patients whose
primary condition requires standard therapy alone. In children,
non-CF-related bronchiectasis was identified in 1% of all
secondary care referrals in a UK population.®

What are the pathology and underlying causes?

Bronchiectasis is a persistent or progressive condition charac-
terised by dilated thick-walled bronchi. The symptoms vary
from intermittent episodes of expectoration and infection
localised to the region of the lung that is affected to persistent
daily expectoration often of large volumes of purulent sputum.
Bronchiectasis may be associated with other non-specific respi-

level for each paper is given at the end of each text section and ratory symptoms including dyspnoea, chest pain and

Table 1 Key to evidence statements and grades of recommendations

Levels of evidence

1++ High quality meta-analyses, systematic reviews of randomised controlled trials (RCTs) or RCTs with a very low risk of bias

1+ Well-conducted meta-analyses, systematic reviews or RCTs with a low risk of bias

1— Meta-analyses, systematic reviews or RCTs with a high risk of bias

24+ 4+ High quality systematic reviews of case—control or cohort studies
High quality case—control or cohort studies with a very low risk of confounding or bias and a high probability that the relationship is causal

2+ Well-conducted case—control or cohort studies with a low risk of confounding or bias and a moderate probability that the relationship is
causal

2— Case—control or cohort studies with a high risk of confounding or bias and a significant risk that the relationship is not causal

3 Non-analytic studies (eg, case reports, case series)

4 Expert opinion

Grades of recommendations

A At least one meta-analysis, systematic review or RCT rated as 1+ + and directly applicable to the target population; or A body of evidence
consisting principally of studies rated as 1+, directly applicable to the target population, and demonstrating overall consistency of results

B A body of evidence including studies rated as 2+ +, directly applicable to the target population, and demonstrating overall consistency of
results; or Extrapolated evidence from studies rated as 1+ + or 1+

C A body of evidence including studies rated as 2+, directly applicable to the target population and demonstrating overall consistency of
results; or Extrapolated evidence from studies rated as 2+ +

D Evidence level 3 or 4; or Extrapolated evidence from studies rated as 2+

Good practice points

J Recommended best practice based on the clinical experience of the guideline development group
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haemoptysis, and may progress to respiratory failure and cor
pulmonale.

The underlying pathological process is damage to the airways
which results from an event or series of events where inflam-
mation is central to the process. This is easy to understand as
part of the ‘vicious circle’ hypothesis which has been applied to
bronchiectasis and has been the major factor influencing current
disease management.

The lung is continuously exposed to inhaled pathogens and
(in many countries) environmental pollutants. The lung has
a sophisticated primary and secondary defence system that
maintains sterility of the normal lung. If this defence system is
breached as in disorders of mucociliary clearance or specific
antibody deficiencies, the lung becomes susceptible to infection,
colonisation (the persistence of bacteria in the lower respiratory
tract) occurs and the subsequent inflammation that causes
airway damage further impairing host defences. Thus, once
established, the defective defences can lead to a self-perpetuating
cycle of events that facilitate bacterial colonisation and airway
sterility becomes unlikely.

Primary defects in the lung defences are uncommon in
patients investigated as adults, suggesting they are either subtle
or do not influence the primary event. However, immunodefi-
ciency may be more common when bronchiectasis presents in
childhood.”®* Episodes causing clear lung damage such as
previous pneumonias, gastric aspiration or viral illnesses in
childhood would represent such initiating events, although
recent evidence suggests these may be less common. The
damage to the airway by such episodes would particularly
impair the normal mucociliary function and hence clearance of
inhaled pathogens initiating the inflammatory cycle.

However, despite many studies over the years using modern
immunological techniques, not only have few primary defi-
ciencies of host defences been found but up to 40% of patients
do not even have a clear defining event that appears to initiate
the process.

What is the outlook for these patients?

The long-term outcome is also generally regarded as good,
although this tends to be taken as little progressive loss of lung
function with no effect on mortality. Indeed, studies that have
been conducted generally support this view. Again, most of the
information is from historical data and suggests that antibiotic
therapy has had an effect. For instance, in the 1940s most
patients diagnosed with bronchiectasis died before the age of
40 years but, by the 1960s, the average age of death had risen to
55 years. Nevertheless, this still indicates a significant reduction
in life expectancy in patients with bronchiectasis. More recent
data suggest a better prognosis,”’® although it is recognised that
the general health of patients with bronchiectasis can be poor®*
and certain subsets (particularly those colonised with Pseudo-
monas) are particularly affected, with continued ill health and
progressive deterioration.

Section 2: Background and causes

Causes and associations

What underlying causes and associations should be looked for when
investigating a patient with bronchiectasis?

Bronchiectasis is a pathological endpoint that results from many
disease processes. Part of the assessment of patients with bron-
chiectasis involves identifying where possible the primary insult,
allowing specific action to be taken when possible. Identifying
an underlying cause may limit the need for expensive, invasive
or time-consuming investigations and may direct appropriate

i8

management. Examples include the commencement of immu-
noglobulin replacement therapy in patients with immune defi-
ciency and considering oral steroid treatment in those with
allergic bronchopulmonary aspergillosis (ABPA).

The overall incidence of particular causes in recent case series
is shown in table AIIl in Appendix 2. The series have differing
incidences of particular causes and this will be for a number of
reasons. The referral populations will differ in terms of age
distribution, socioeconomic history and background disease
incidences. The mode of referral differs (some series are from
tertiary care institutions and others from secondary care insti-
tutions) and the range of investigation performed is wide.
Overall, there is a clear picture of a large proportion of both
children and adults who have bronchiectasis secondary to
previous pneumonia or other lower respiratory tract infections
and, in children (but less so adults), immune deficiency is
frequently identified. All other causes are much less frequent but
may have significant implications for patient management.

Good practice point
» Underlying causes of bronchiectasis should be assessed in all
patients.

Congenital defects of large airways
Congenital bronchiectasis is much rarer than previously consid-
ered. Specific causes include Williams—Campbell syndrome
(bronchial cartilage deficiency),” ** '? tracheobronchomegaly
(Mounier—Kuhn syndrome)," ¢ Marfan’s syndrome,'* late
presenting H-type tracheobronchial and oesophagobronchial
fistula.® Bronchiectasis has been reported in congenital lung
malformations such as sequestration? ° or rarely with a rib
malformation.” Familial causes of undefined aetiology have been
described.* ® Tt should be remembered that congenital defects,
particularly tracheobronchomegaly, may first present in adult-
hood.! ©
Recommendation (3'~')
> Congenital defects should be considered in all patients with
bronchiectasis. [D]

Foreign bodies and aspiration

Foreign body aspiration

In children, aspiration of foreign bodies into the lower respira-
tory tract is the commonest and most important obstructing
lesion causing bronchiectasis®® with the incidence peaking in
the second year of life,* but a number of rare tumours have also
been described.’ * 29729 The importance of removal of a foreign
body is illustrated by a case report which showed complete
resolution of bronchiectasis in a child on HRCT 18 months after
the original aspiration.?’ Adults may also develop bronchiectasis
secondary to aspiration of foreign material and due to endo-
bronchial tumours (both benign'® and malignant'’), although
this is a rare cause of bronchiectasis.*® Aspiration in adults is
usually related to neurological impairment with loss of airway
protection (trauma, neurological disease, loss of consciousness)
and dental work.* 34

Aspiration and inhalation injury

Aspiration of gastrointestinal contents and inhalation of noxious
gases have been documented as a cause of bronchiectasis in case
reports of both children and adults and these are summarised in
review articles?* % Advanced bronchiectasis attributed to
chronic aspiration apparently improved dramatically in one child
when aspiration was prevented.”® Administration of lipid-based
foods to infants in the recumbent position leading to lipoid
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pneumonia and bronchiectasis in six children was described in
one case series" and found to be a risk factor for bronchiectasis in
a case—control study of an adult population in which this was
customary practice.'® There is no case—control study of
gastro-oesophageal reflux as a risk factor for bronchiectasis in
children or adults, but one case series found a high frequency of
bronchiectasis in heart-lung transplant recipients with docu-
mented reflux and oesophageal dysmotility,™ and it is reported to
be a cause in some case series.'? 20 22 %3

Recommendation (3'°7%¢)

> Gastric aspiration should be considered as a cause in all
patients. [D]

What is the current relevance of previous severe lower respiratory
tract infections to patients with bronchiectasis?
Although never subjected to a formal case—control study until
recently,? numerous case series from the last century point to
the importance of lower respiratory tract infection in the
aetiology of bronchiectasis, the most frequent association being
with bacterial pneumonia.?® *? 3 Pertussis,”® °' *® pulmonary
tuberculosis,® " *¢ 3 mycoplasma® °' and viral pneumonia
(particularly adenoviruses®" 27 and measles?® ** 7 but also
influenza* and respiratory syncytial® viruses) have, in addition,
all been linked directly to permanent lung damage and bron-
chiectasis. Post-tuberculous bronchiectasis is often segmental or
lobar in the area primarily affected.*” *® Studies of both children
and adults in the mid part of the 20th century found that severe
lower respiratory tract infection was the most frequently iden-
tified cause, ranging from 41% to 69% of cases.?’ ** *°

The importance of asking about a history of such infections
with particular note taken of early childhood illnesses is there-
fore clearly relevant in assessing patients with bronchiectasis. If
the infectious insult can be directly linked to the onset of
chronic respiratory symptoms, then the link between the two
can be taken with more certainty. Past and recent studies
indicate that many patients are able to recollect such a direct
link.*® ° These patients may require a less intensive search for
other causes. A difficulty arises if there is a significant gap
between an identified infection and the onset of chronic respi-
ratory symptoms years later with a period of normal health in
between. Can symptomatic presentation of bronchiectasis be
delayed years after the original insult? One study which looked
at the sequelae of adenovirus pneumonia suggests that it can.?'”

With the decline in the incidence of pneumonia and other
infections, particularly in children, these aetiologies might be
expected to be less relevant in current patients. While this is
indeed the case, three recent studies looking at populations with
mean ages >50 years have shown that it is still an important
cause with 28%,”* 29%2? and 42%" of patients with this aetio-
logy. One study which investigated predominantly young
adults with bronchiectasis found only 6% had an infectious
cause,” suggesting less relevance in this age group. However, in
children, a post-infectious aetiology was suspected in 47% of one
UK series® and 25—34% in two non-UK series.'” ** A single
case—control study of Australian children has confirmed that
pneumonia requiring hospitalisation is linked to the onset of
bronchiectasis, with a particular association with severe or
recurrent pneumonia.®’ In children from deprived communities
there is a high incidence of post-pneumonic bronchiectasis.'” ** 2

Recommendations (2+,° 379 20 22 23 40-54)

> A history of previous severe lower respiratory tract infections
due to bacterial and viral pneumonia, pertussis or tuberculosis
should be sought in all patients with bronchiectasis. [C]
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» Where possible, the temporal relationship of identified
infections to the onset of chronic respiratory symptoms
should be determined. [D]

Good practice point
> Identifying a post-infectious cause may limit the need for
further investigations, particularly in elderly subjects.

Mycobacterium tuberculosis and opportunist mycobacteria
Bronchiectasis may result from pulmonary Mycobacterium
tuberculosis infection, with the incidence reflecting the prevalence
of tuberculosis in the population.®” 42 8 %4 %6 It is also increas-
ingly recognised that opportunist mycobacteria are associated
with localised or widespread bronchiectasis.”” ® Bronchiectasis,
like other forms of lung damage, makes patients prone to
picking up environmental mycobacterial species and bronchial
damage may occur as a result of opportunist mycobacterial
infection. Opportunist mycobacteria have been isolated in 2%
and 10%°° of random sputum specimens from patients with
bronchiectasis, but the clinical significance is unclear. Patients
with  Mycobacterium avium complex infection may develop
bronchiectasis over years. Middle-aged or elderly women seem
particularly prone to this disease.”” However, isolation of an
opportunist mycobacterial species should not necessarily be
interpreted as pathogenic. A ‘one-off’ isolate may have been
inhaled shortly before the sample was provided. Persistent
isolation (colonisation) may occur without any change in clin-
ical status. HRCT scan features can be helpful in confirming
infection. One series of adults with primary ciliary dyskinesia
(PCD) found repeated isolation of opportunist mycobacteria in
5% of cases.”

Once an opportunist organism has been isolated, prolonged
follow-up may be required to decide whether this represents
colonisation or infection. Careful follow-up is mandatory
because colonisation can change to infection. This will include
clinical features (deterioration favouring infection), sputum
examination (repeated culture, smear positive, heavy growth),
lung function (rapid decline), HRCT (exudative ‘tree-in-bud’
bronchiolitis, mucus plugging, cavitating nodules, rapid
progression of disease), as well as failure to respond to usual
treatment. The species isolated will also influence the likelihood
of infection (M avium complex,6O U M kansasii,® M
malmoense®).
Recommendation (3°7 42 48 %4-92
> All patients with repeated isolates of opportunist mycobac-

teria should have regular follow-up in secondary care. [D]

Immune deficiency and bronchiectasis

Bronchiectasis can complicate most defined primary
90-98 484 3 secondary® ¢ 7476 79 8182 8486 &7 iy une defi-
ciency disorders. The mechanism is presumed to involve defec-
tive immune clearance with repeated, persistent or severe
infection leading to recurrent episodes of airways inflammation,
regeneration, repair and ultimately structural damage.”” The
most frequent—and clinically most important—association
between bronchiectasis and underlying immune deficiency
occurs with primary antibody deficiency syndromes, a link that
has been recognised for almost 50 years.'”” With other primary
and secondary immune defects, development of bronchiecta-
sis—although important on an individual disease and case
basis—is less significant in absolute numbers and, in many
published series and cases, associated only with poorly charac-
terised defects of immunity.

8 22 68-73 77
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Chronic suppurative lung disease and bronchiectasis consti-
tute major causes of morbidity and mortality in patients with
primary antibody deficiency disorders.” ™" ' Such disorders
encompass a heterogeneous group of conditions characterised by
defective production or function of all immunoglobulin classes,
individual classes or subclasses, defects in production of anti-
bodies against specific antigens such as bacterial capsular poly-
saccharides'® or combinations of these patterns. The
presentation of immune deficiency may occur initially in adult
life and is not confined to infancy or childhood.”® Bronchiectasis
occurs, with varying degrees of frequency, as a complication in
all forms of the condition from severe panhypogammaglobuli-
naemia to subtle defects of specific antibody production. The
three most commonly encountered disease variants are common
variable immune deficiency (CVID), X-linked agammaglobuli-
naemia (XLA) and IgA deficiency. Bronchiectasis is reported as an
established disease complication in 18—68% of patients with
CVID® #3796 193 and 7—20% of patient cohorts with XLA, 7 % 104
and is therefore a significant characteristic of these patient groups.
Bronchiectasis appears to complicate isolated selective IgA defi-
ciency relatively rarely,'® % but may occur at greater frequency
when IgA deficiency is part of, or evolves into, a more clinically
significant and complex antibody deficiency disorder (specific
antibody/IgG subclass deficiency or CVID).'% 1% In addition to
these more common antibody deficiency disorders, there is an
established and growing recognition of an important association
between bronchiectasis and defects of specific antibody produc-
tion.?2 71 8 88790 Additional disease co-factors, such as o,-anti-
trypsin deficiency, may play a role which is contributory to, and
cumulative with, infection-associated airway damage in some
immunocompromised patients.”® ® The frequency and impor-
tance of such interactions remain to be fully elucidated, particu-
larly in progressive disease which responds poorly to treatment. It
has been suggested that selective antibody deficiency with
recurrent respiratory infections may account for the recognised
occurrence of bronchiectasis in yellow nail syndrome.’® Signifi-
cant antibody deficiency confers a particular susceptibility to
mucosal infection with encapsulated organisms. Recurrent upper
and lower respiratory tract infections with Streptococcus pneumo-
niae, Haemophilus influenzae (frequently untypable) and Moraxella
catarrhalis are characteristic of antibody deficiency in both chil-
dren and adults.5 94 96 114 117 1197121 Thjq i seen before diagnosis/
institution of therapy but also as breakthrough episodes in
patients receiving immunoglobulin replacement therapy.*®’

An additional facet underlining the relationship between
antibody deficiency and bronchiectasis is the consistent identi-
fication of the former as a significant aetiological factor in large-
scale cohort studies of patients who have bronchiectasis of
undefined aetiology (BUA) where other causative factors have
been excluded ® 22 08 71 73 83 88 89 252 486 The more recent of these
studies, using modern immunological diagnostic techniques,
have shown rates of definable antibody deficiency in BUA
ranging between 6% and 48%,° > 7! 73 8 ¥ although the precise
clinical significance of many of the disorders described is
uncertain and probably limited. Specific defects identified have
encompassed the full range of clinical antibody disorders with
IgG subclass deficiency being the most commonly described
finding. If such deficiencies of IgG subclasses are excluded in
light of their limited direct clinical significance,”® '** 2 the
minimum frequency with which significant underlying anti-
body deficiency contributes to bronchiectasis as a whole, and to
BUA, is about 5% and 10% respectively.

The importance of detecting bronchiectasis in patients with
clinically significant antibody deficiency and of actively consid-

i10

ering the possibility of antibody deficiency as an underlying
factor in patients with bronchiectasis is emphasised by the high
incidence of established bronchiectasis (silent or clinically
apparent) by the time that compromised immunity is recog-
nised. A significant delay in the diagnosis and treatment of
antibody deficiency and underdiagnosis within the population is
common in the UK* "' 1% A diagnostic delay of >2 years is
associated with an increased risk of developing bronchiectasis in
antibody-deficient patients,”® and the strongest predictor of
chronic progressive pulmonary disease in antibody-deficient
patients, even after starting treatment, is established lung
disease at the time of initial presentation.''*

Early identification of antibody deficiency and effective
therapy are essential factors in preventing the development of
bronchiectasis or in retarding progression of established disease.
Effective immunoglobulin replacement, especially at higher
doses, can substantially improve pulmonary function in
hypogammaglobulinaemia.®*~% 1% 115 Tn some patients,
however, even adequate immunoglobulin replacement does not
prevent the silent insidious progression of bronchiectasis.''®
Such patients may require higher than standard doses of
immunoglobulin, although other aspects of management may
also have central importance in retarding the advance of lung
damage. The optimal dose of immunoglobulin for replacement
therapy in patients with hypogammaglobulinaemia, whether
or not complicated by bronchiectasis, is not defined and is best
determined on the basis of individual clinical response to
treatment and development of disease complications rather
than on the basis of an arbitrary target serum level of IgG.
Central to effective care of patients who have bronchiectasis
associated with immune deficiency is increased awareness of
the close link between these conditions. This should be
accompanied by development of robust pathways which
facilitate access to diagnostic and specialist expertise and
which encourage integrated assessment, monitoring and
treatment of this complex patient group by both respiratory
and immunology teams.
Recommendations (1+ +,5° 2+,64 65 38 22 66-121)
> The possibility of underlying immune deficiency, particularly

antibody deficiency, should be considered in all children and

adults with bronchiectasis. [A]
> Serious, persistent or recurrent infections, particularly involving

multiple sites, or infections with opportunist organisms should

raise the suspicion of immune deficiency. [D]
> The possibility of symptomatic or clinically silent bronchi-

ectasis should be considered as a potential complication in all

patients with immune deficiency, particularly primary

antibody deficiency. [D]
> In patients with immune deficiency and patients with

bronchiectasis, features in the history or clinical examination

which may support the coexistence of both conditions should

be considered and adequately assessed. [D]
> In patients with suspected or proven immune deficiency and

bronchiectasis in combination, specialist aspects of diagnosis,

monitoring and management should optimally be provided
within a shared specialist care arrangement (joint working

between chest physician and immunologist). [D]

What is the relationship of other airway diseases to bronchiectasis?
What are the features of allergice bronchopulmonary aspergillosis
(ABPA) as a cause of bronchiectasis?

ABPA may be diagnosed using established criteria.
Patients nearly always have asthma, and characteristically have

124 127 128 130
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evidence of an elevated total IgE and IgE- and IgG-mediated
immunological response to Aspergillus fumigatus that is more
intense than in asthmatic or atopic individuals. Peripheral blood
and sputum eosinophilia may be seen as can culture of Asper-
gillus from sputum. Bronchiectasis complicates some cases of
ABPA.'** While typical cases are easy to identify, making the
diagnosis can be difficult for two reasons. First, there is an
overlap in the serological tests such as total IgE and Aspergillus-
specific IgE between ABPA and asthma.'®! The second reason is
because of the relapsing and remitting nature of the disease;
when assessing patients with established bronchiectasis, it is
uncommon for them to be in the acute phase of ABPA and the
bronchial damage may have occurred years or decades earlier
with many serological tests now in or near the normal range.
ABPA with bronchiectasis may be seen in relation to organisms
other than A fumigatus."* '*’

HRCT is particularly useful in identifying cases as the charac-
teristic finding is of central bronchiectasis which is almost
uniquely associated with ABPA.'?? '® Peripheral bronchiectasis
may, however, occur.'?? While the upper lobes are most frequently
affected,"?® ' bronchiectasis may affect all lobes.?* 1%

Studies in adults indicate that ABPA was the cause of
bronchiectasis in 1%,”* 7%?? and 10%'%® of UK series (the
latter series excluding patients identified with previous tuber-
culosis or immunodeficiency). ABPA is important to identify
as progressive lung damage occurs rarely once treatment is
started.'?*

Recommendation (37* %2 %% 122=131)

> All patients with bronchiectasis should be assessed for
evidence of ABPA, which is a clinical diagnosis based on
presentation and immunological tests (Aspergillus-specific IgE
and IgG). [D]

Is asthma a cause of bronchiectasis?

Investigations into bronchiectasis found in patients with
asthma are confined to the adult population and have focused on
HRCT airway changes in populations of patients with asthma
with varying degrees of severity using different control popula-
tions and excluding other potential causes to a different extent.
An important question is whether asthma is a cause of bron-
chiectasis independent of ABPA.

Changes in the appearances of the airways on HRCT scans are
an established feature of asthma, particularly bronchial wall
thickening which is seen in up to 82% of patients compared
with healthy controls. There is a strong correlation with severity
of asthma assessed by degree of lung function impairment'%? %3
186-138 140 142-144 4 d independent of serological evidence
of ABPA.'? 134 135 Bronchial dilation is also seen.'® ' Features
of definite bronchiectasis are seen less often,'®® 138 137 143 py¢
with a clearly increased incidence compared with healthy
control groups (17.5—28%).'%® 137 143 Bronchiectasis in asthma is
strongly but not exclusively linked to those patients with fixed
airflow obstruction and severe disease.'® ** No study has
rigorously excluded all other possible causes of bronchiectasis,
but a powerful study classifying patients according to type and
severity of asthma and excluding ABPA found varicose bron-
chiectasis in 60% of patients with severe non-allergic asthma.
Cylindrical bronchiectasis was seen in 20% of patients with mild
asthma and 50% of those with severe allergic asthma. The non-
allergic group had cylindrical bronchiectasis in 50—80% of cases,
respectively.'® Unlike ABPA, airway changes in asthma can
affect all lobes equally’®~1%* 142 144 and proximal'®” as well as
distal airways.

Thorax 2010;65:11—i58. doi:10.1136/thx.2010.136119

Recommendation (332774

» In adults, asthma should be considered as the cause of
bronchiectasis if no other cause is identified. [D]

Primary bronchiolar disorders

Bronchiectasis involving large airways may be a feature of
airways disorders that have their origin in the bronchioles, the
subject of a thorough review.'*® The bronchiolar disorders which
most frequently have features of bronchiectasis on HRCT
scanning are constrictive bronchiolitis (obliterative bronchiolitis)
and diffuse panbronchiolitis, the latter largely confined to
patients of Far Eastern ethnic origin which is reflected in a higher
incidence of the disorder in case series from that geographical
area'® compared with the UK.*

Recommendation (3% '%° %)
» The possibility of diffuse panbronchiolitis should considered
in patients of Far Eastern ethnic origin. [D]

Is chronic obstructive pulmonary disease (COPD) a cause of
bronchiectasis?

Three identified studies have observed HRCT changes of bron-
chiectasis in patients with COPD. A European study mentioned
bronchiectasis in patients with COPD but did not state the
frequency of this finding."*® Two UK series have found bron-
chiectasis in patients with a diagnosis of COPD. In 29% of
patients labelled COPD in primary care,**® bronchiectasis was
seen but only 24% had ever smoked and the intensity and dura-
tion of smoking in these patients was not recorded. In addition,
other possible causes of bronchiectasis were not sought. A similar
study selecting patients from primary care with documented
airflow obstruction found bronchiectasis in 50% but, again, did
not look for alternative causes and does not document smoking
exposure in detail >** While providing evidence that patients with
a clinical or lung physiological diagnosis of an obstructive airways
disease may have bronchiectasis, these studies do not provide
robust evidence that COPD, as defined by current criteria,*®” is
a cause of bronchiectasis. A case—control study with an appro-
priately detailed assessment of smoking and other potential
causes of bronchiectasis would be needed.

Research recommendation (3% 29 57)

» Further studies are required to establish the link between
COPD and bronchiectasis.

What is the relationship of bronchiectasis to cystic fibrosis (CF)?
As recurrent lower respiratory tract infection is a feature
common to both CF and non-CF-related bronchiectasis,
consideration should be given to the possibility of CF being the
cause in all patients found to have bronchiectasis. The impor-
tance of this has been emphasised with recent findings that
atypical CF may present with pulmonary problems in the
absence of other manifestations such as pancreatic failure,
gastrointestinal disease or raised sweat chloride levels."”® In
children presenting with bronchiectasis, CF will be high on the
list of differential diagnoses*? and late first presentation of CF in
adults as bronchiectasis has been described repeatedly.?? ! 152
Most will be pancreatic-sufficient, and even those who are not
will rarely have gastrointestinal symptoms.'>? 19

The prevalence of CF in patients presenting with bronchiec-
tasis has been examined in a number of studies, most of which
used a combination of sweat chloride measurement and genetic
screening for CF transmembrane regulator (CFTR) mutations.
In three unselected adult cohorts CE diagnosed on the basis of
homozygosity for a CFTR mutation or heterozygosity for
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a mutation and a raised sweat chloride, was found in 0 of 100
patients (0%),"* 46 of 601 (7.6%)'*? and 4 of 150 (2.6%). Some
studies have focused on patients with bronchiectasis of unknown
cause, including a study of children in which 7% were found to be
homozygous for CFTR mutations.'*® Some,'#” 147 150 154 {yt not
1,'% studies of small numbers of adults with disseminated
idiopathic bronchiectasis have found an increased frequency of
CFTR gene mutations and polymorphisms compared with that
expected for the local population, the significance of which is not
yet understood.

Recommendation (3% #? '47~157)

» For all patients with bronchiectasis, the possibility of
underlying CF should be considered (see Section 3). [D]

Which connective tissue disorders are associated with
bronchiectasis?

Bronchiectasis has been identified in many case series of patients
with connective tissue diseases, the subject of a comprehensive
recent review,'® which span the period of time before, during
and after the emergence of HRCT as the definitive diagnostic
modality. While all studies can be criticised for lacking rigorous
control populations, possible bias related to patient selection or
failure to exclude other potential causes of bronchiectasis,
a clearer picture is emerging, particularly for the association with
rheumatoid arthritis (RA).

Studies screening on the basis of symptoms of lower respira-
tory tract infection in large cohorts of patients with RA have
found an incidence of bronchiectasis of 3.2%,"”' 5.2%'? and
2.9%'% (all greater than expected contemporaneous population
frequency), two of these studies being particularly powerful in
assessing patients at first presentation with RA.1% 7! Several
secondary care RA populations have been subjected to HRCT
studies. When airway involvement was suspected, bronchiec-
tasis was seen in 30%'%° and 22%,'%° perhaps reflecting selection
bias, but three studies assessing unselected secondary care
populations have also found HRCT evidence of bronchiectasis in
30%'%% 197 and 41%.'%* Asymptomatic bronchiectasis may be
identified in 4—8% of patients with RA using HRCT.'®® 7% An
association between RA and bronchiectasis seems likely. While
some authors consider that RA-related bronchiectasis may
precede the onset of joint symptoms,'® *”° these studies can be
criticised for not rigorously assessing other possible causes of
bronchiectasis, in particular early childhood infections which
can be identified in all'®® or some'® patients with RA and
bronchiectasis. The prognosis of patients with both RA and
bronchiectasis was significantly worse than either condition
alone in one study’®® but not another.'®

Evidence that other connective tissue disorders are associated
with bronchiectasis is weaker as they have been subjected to
fewer studies with usually small numbers of selected patients
without control populations. A single study of patients with
systemic sclerosis found bronchiectasis in 59%.'%" Bronchiectasis
in patients with systemic lupus erythematosus, ankylosing
spondylitis, relapsing polychondritis, Marfan’s syndrome and
Ehlers—Danlos syndrome has been noted.'® 74 173
Recommendations (2+,"%¢ 2,759 37%6~17%)
> A history of rheumatoid arthritis should be sought in all

patients with bronchiectasis. [D]

» Closer follow-up of patients with rheumatoid arthritis-
related bronchiectasis is warranted in view of a poorer

prognosis. [C]

i12

Research recommendation
» Further studies in other connective tissue diseases are
indicated.

Inflammatory bowel diseases
The association with ulcerative colitis is well established,
although there are also reports of associations with Crohn’s
disease and coeliac disease. This topic is the subject of compre-
hensive reviews.'”” '”® The most well-recognised presentation is
seen in patients with severe colitis who eventually come to total
colectomy and then develop abrupt onset of cough with puru-
lent sputum soon afterwards. Characteristically, the sputum is
very purulent and culture negative for bacterial species. Other
patients with one condition develop the other several years later
and, in these cases, flare-up of one condition may or may not be
associated with the flare-up of the other.'”® Crohn’s disease is
a much less well-recognised association of bronchiectasis but,
again, onset of cough and sputum has been associated with
bowel resection. Coeliac disease is the most tenuous of all,'”® but
there is T cell infiltration in both and, because coeliac disease is
often subclinical, it may deserve further research.
Recommendation (3'75777%)
» Bronchiectasis should be considered in patients with inflam-
matory bowel disease who develop a chronic productive
cough. [D]

Disorders of ciliary function

Patients with PCD have a congenital abnormality of ciliary

function. Patients may present at an early age with one or more

of the problems listed in box 1. There is nearly always a history
of symptoms of neonatal respiratory distress if the condition is
not diagnosed and, if they present as adults, they will usually
have established bronchiectasis® as well as problems at other
sites bearing cilia—for example, deafness due to recurrent middle
ear problems, chronic rhinosinusitis and male infertility (note
that infertility in males is by no means invariable). There is also

a risk of female subfertility including ectopic pregnancy, but this

is probably quite small.

Case series indicate that upper respiratory tract symptoms
(regular nasal discharge, anosmia, sinusitis, hearing impairment or
chronic otitis media) are almost universal in patients with
PCD.> 180 181 1 children with PCD, rhinitis/rhinorrhoea often
begins at birth and otitis media was seen in 100% in one cohort.”

Studies examining the effects of PCD on lung function have
found worse forced expiratory volume in 1s (FEV;) and forced
vital capacity (FVC) in patients identified as adults compared
with children.”® ' Lung function impairment may be severe
enough to cause reparatory failure and need for trans-
plantation.”® One study found lung function stabilised with
a programme of regular follow-up, intensive physiotherapy and
antibiotic treatment,'” and another found a slight increase in
FVC in patients on regular prophylactic antibiotics.'®*

Patients or their families may wish to contact the Primary
Ciliary Dyskinesia Family Support Group (for contact details see
online Appendix).
Recommendations (2—,7° 3%° 180782
» In all children with bronchiectasis, a detailed history of the

neonatal period should be taken. [D]

» In children and adults with bronchiectasis, a history of
chronic upper respiratory tract problems, particularly otitis
media, should be sought. [D]

> Adults should be questioned about any history of infertility. [D]

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119
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Box 1 Presentation of primary ciliary dyskinesia

Children

Common

» Continuous coughing, which is often wet

> Sinusitis

» Recurrent and chronic otitis media, continuous discharge after
grommet insertion

> Neonatal respiratory distress and/or pneumonia

» Dextrocardia (about half of cases) or complete mirror image

» Poor feeding (blocked nose)

» Atypical asthma not responding to treatment

Rare

» Complex congenital heart disease, particularly with disorders
of laterality

» Qesophageal atresia and other severe defects of oesophageal
function

» Biliary atresia

» Hydrocephalus

» Positive family history (usually a sibling)

Adults

Likely to have one or more of:

» History going back to childhood

» Productive cough is continuous because it is only way patient
clears mucus, but the patient’s family sometimes complains
more than patient who accepts it as their way of life

» Dextrocardia

» History or repeated ear nose and throat operations and
grommets

» History of infertility

Middle ear problems/deafness

» Bronchiectasis worse in middle lobes

v

Good practice point

> Patients with bronchiectasis due to PCD should be seen in
secondary care at least four times each year with measure-
ments of lung function.

Is o-antitrypsin deficiency a cause of bronchiectasis?

The role of ay-antitrypsin (AAT) deficiency in the aetiology of
bronchiectasis has been the subject of debate and contention
over the years. An association was postulated after a number
of case reports linked severe (Pi ZZ phenotype) AAT
deficiency to bronchiectasis in individual or small numbers of
cases. 83 190 192 1987200 \any of these reports mention other
possible causes of bronchiectasis in patients’ histories,'®* '% and
exclusion of specific conditions such as immune deficiency and
CF is variable.

The large BTS case series of patients with severe (PiZZ) or
moderately severe (PiSZ) AAT deficiency in the 1970s and a more
recent American series, while finding a high frequency of symp-
toms compatible with ‘chronic bronchitis’ as defined by Medical
Research Council/American Thoracic  Society (MRC/ATYS)
criteria that might in theory be caused by bronchiectasis, found
no radiological evidence of bronchiectasis on chest x-rays.'?*~%
Bronchograms/HRCT scans were not performed. HRCT has
been used in series looking at small numbers of patients identified
from databases of AAT-deficient patients, with two studies
showing a low incidence of bronchiectasis and other possible
underlying causes identified.'® '”* Bronchiectasis was seen in
43%'®" and 95%°* in other radiological series of AAT-deficient
patients and in 15% of a series of 42 post-mortem examinations.'”

Thorax 2010;65:11—i58. doi:10.1136/thx.2010.136119

Case—control studies have found no link with AAT deficiency
in a study of 35 patients,”*! and no difference in the frequency of
the Pi phenotypes in 202 patients with bronchiectasis compared
with a blood donor control population.'® One series of 60
patients found an over-representation of patients with PiIMZ
bronchiectasis compared with controls, but many of these
patients had other identifiable causes of lung damage.'®® In addi-
tion, it is apparent that most patients with severe AAT deficiency
remain asymptomatic throughout life if they do not smoke.'”

Uncontrolled case series suggest a higher incidence of bron-
chiectasis in AAT than that seen in controlled studies; further
work is needed in this area.

Recommendation (3'5°72%)

> Routine screening for a,j-antitrypsin deficiency is not required
unless the radiological investigations suggest basal emphy-
sema. [D]

Yellow nail syndrome

A rare association has been noted in small case series and reports
between bronchiectasis and a variable combination of nail
dystrophy (often yellow discolouration), sinusitis, pleural effu-
sions and primary lymphoedema ?®*~2% The aetiology of the
condition is not known.

Recommendation (3°%°—2%°)
> The assessment of patients with bronchiectasis should
include a search for features of yellow nail syndrome. [D]

The upper respiratory tract in bronchiectasis patients
Assessment of the upper respiratory tract is an important part of
the management of patients with bronchiectasis. Symptoms
relating to the upper respiratory tract may relate to ciliary
disorders,> '®2 humoral immune defects,®> CF* or yellow nail
syndrome.?® Sinusitis is also a feature of Young’s syndrome
(obstructive azoospermia, bronchiectasis and sinusitis).?’6 2%
Even in the absence of the above disorders, sinusitis is more
common in patients with bronchiectasis than expected.

Recommendation (355 85 157 182 2057208)

» Every patient with bronchiectasis should have an assessment
of upper respiratory tract symptoms. [D]

SECTION 3: CLINICAL ASSESSMENT AND INVESTIGATIONS
Who to investigate for bronchiectasis

Which children should be investigated for bronchiectasis?

Chronic productive cough, especially between viral colds, is
probably the most important single indication to consider in
children, and a chronic productive or moist cough every day for
8 weeks?!! (but not a child who has an intermittent cough with
periods of complete remission within the 8 weeks) should be
investigated for possible bronchiectasis.?* 2! 21 Consideration
should also be given to investigating the child with a prolonged
acute cough (3—8 weeks) in whom the symptom is becoming
more frequent or intense.?’* Young children may not expectorate
sputum. In a hospital setting there is excellent agreement
between the description of a wet cough by parents and doctors
and the finding of increased endobronchial secretions at bron-
choscopy.**”

Symptoms attributed to childhood asthma that are atypical or
which respond poorly to conventional treatment may in fact be
related to bronchiectasis (the reason for referral in 49% of one
recent UK series of children with bronchiectasis®®). In particular,
only the most typical case of ‘cough variant asthma’ should
not be investigated further. Localised chronic bronchial
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obstruction—including in particular an organic foreign body
which is either left-sided, presents with consolidation or where
there was delay in bronchoscopic removal—may lead to bron-
chiectasis.?!® Severe gastro-oesophageal reflux, dyscoordinate
swallowing, laryngeal cleft or late presentation of H-type fistula
and oesophageal motility disorders (including after repair of
oesophageal atresia) should all be considered risk factors for the
development of bronchiectasis.

Microbiological factors may alert the clinician to bronchiec-
tasis in a child. A positive sputum culture for an unusual
bacterial organism can indicate an underlying disorder associated
with bronchiectasis, in particular Staphylococcus aureus, Pseudo-
monas aeruginosa and non-tuberculous mycobacteria (CF or
primary cilia dyskinesia™) or Burkholderia cepacia complex
(chronic granulomatous disease or CF). Some organisms have
a propensity to cause long-term sequelae; for example, particular
serotypes of adenovirus (7, 14, 21)?” or Bordetella pertussis and
any episode of severe pneumonia (whatever the cause) should
prompt further investigation, particularly if there is incomplete
resolution of symptoms or persistent physical signs.”® 2!
Recurrent (two or more) episodes of consolidation and either
localised or multifocal®*? 2'® persistent and unexplained chest
radiographic abnormalities (suggestive of airway disease or
a focal abnormality?®) 12 weeks beyond the initial illness should
also raise suspicion. These include infiltrates, g)arenchymal
densities or atelectasis.*'? >'® However, one paper’'® suggested
that the exception is after respiratory syncytial virus infection
where persistent atelectasis is not a risk factor for subsequent
bronchiectasis.

Bronchiectasis should be considered if there are any features
suggestive of CF (diarrhoea, failure to thrive, rectal prolapse,
electrolyte disorder), PCD (neonatal onset of symptoms
including rhinitis or respiratory distress without an obvious
cause, mirror image arrangement, severe chronic serous otitis
media, especially with chronic otorrhea after tympanostomy
tube insertion)*'* or a systemic immunodeficiency®'® (severe,
persistent or recurrent infections and infections with unusual
organisms or children known to be HIV positive™). Even minor
immunodeficiency such as functional antibody deficiency
may be associated with bronchiectasis.”® A positive family
history of severe or unexplained respiratory disease may also be
relevant.

Recommendations (37° 2 53 55 81 153 209-218)

Consideration should be given to evaluating a child for bron-

chiectasis who presents with: [D]

» Chronic moist/productive cough, especially between viral
colds or with positive bacterial cultures.

> Asthma that does not respond to treatment.

> A single positive sputum culture, in the setting of chronic
respiratory symptoms, for Staphylococcus aureus, Haemophilus
influenzae, Pseudomonas aeruginosa, non-tuberculous mycobac-
teria or Burkholderia cepacia complex.

> An episode of severe pneumonia, particularly if there is
incomplete resolution of symptoms, physical signs or
radiological changes.

» Pertussis-like illness failing to resolve after 6 months.

» Recurrent pneumonia.

> Persistent and unexplained physical signs or chest radio-
graphic abnormalities.

> Localised chronic bronchial obstruction.

> Respiratory symptoms in children with structural or func-
tional disorders of the oesophagus and upper respiratory tract.

» Unexplained haemoptysis.

in4

> Respiratory symptoms with any clinical features of CE PCD
or immunodeficiency.

Which adults should be investigated for bronchiectasis?
In a clinical setting, identifying cases of bronchiectasis is
dependent on eliciting symptoms compatible with the diag-
nosis. While clearcut in some cases, in others this is more diffi-
cult as the most common symptom of bronchiectasis—a cough
productive of mucoid or purulent sputum—is also a common
presentation of other respiratory diseases of adulthood, in
particular COPD. Chronic or recurrent sputum production is
a common presentation in primary care, and a study suggested
that a practice of 10000 patients can expect around two
patients/week to consult with symptoms of persistent lower
respiratory tract infection despite antibiotic therapy, 38% of
whom have already identified bronchiectasis.?*? In two studies
of patients from primary care labelled COPD, bronchiectasis was
identified in 29%°*° and 50%”" and bronchiectasis was found in
68%°% and 70%°%° of cohorts referred to secondary care with
chronic sputum production.

Studies of patients with confirmed bronchiectasis identify
a spectrum of symptoms with some patients who expectorate
large volumes of offensive purulent sputum on a daily basis at one
extreme® % and with young age at presentation*® and onset of
symptoms®? 22! in some. Even within these studies there is a wide
spectrum in all the patient characteristics, and studies of
uncharacterised patients with chronic sputum production show
that clinical detection of bronchiectasis is difficult. Measures of
sputum volume, sputum purulence, duration of sputum produc-
tion, age at onset of symptoms, frequency of exacerbations and
smoking history have low sensitivity and specificity for identi-
fying bronchiectasis.?'” #2* #° Sputum from patients with bron-
chiectasis in a stable state while on average is more discoloured
may often be indistinguishable from that of COPD.?** **° Single
studies have shown than continuous rather than intermittent
purulent sputum production’”® and prolonged recovery from
exacerbations®? are predictors of bronchiectasis. A proportion of
patients labelled as COPD will be non-smokers with bronchiec-
tasis but, even so, 81% of patients with bronchiectasis identified in
a primary care study of COPD were also smokers.?*> Bronchiec-
tasis may less commonly lie behind symptoms such as a persistent
non-productive cough and isolated haemoptysis in the absence of
sputum production.”® °® The isolation of P aeruginosa in the
sputum of patients with COPD is uncommon,*?°

Recommendations (3% 92 %3 2197225

Bronchiectasis should be considered in all adults who have: [D]

> Persistent productive cough. Factors favouring further inves-
tigation are any one of the following :

— young age at presentation;

— history of symptoms over many years;
— absence of smoking history;

— daily expectoration of sputum;

— haemoptysis;

— sputum colonisation with P aeruginosa.

» Unexplained haemoptysis or non-productive cough.

» PDatients thought to have COPD may have bronchiectasis
alone or in addition and referral for investigation is
appropriate if:

— management is not straightforward;

— there is slow recovery from lower respiratory tract
infections;

— recurrent exacerbations;

— there is no history of smoking.

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119
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Clinical presentation of bronchiectasis

What are the symptoms and signs of bronchiectasis in children?

When reviewing the literature on the clinical features of bron-

chiectasis in children, it is apparent that many papers are either

old and relate to children with long-established disease®® > 23 22

or refer to indigenous populations living in poverty,** 212 22 5o

reducing the relevance to modern practice in the UK, and the aim

must be to identify the symptoms and signs of very early disease.

Recent studies found that the diagnosis may be delayed for

a median of 3%° or 3.6?!° years after symptom onset.

While it is possible that a child with established bronchiec-
tasis may have no habitual symptoms,??” a chronic moist cough
that is productive of sputum (sometimes fetid*? °®) is a frequent
symptom 20 42 53 212 213 216 227 228 252 \ g 42 212 218 227 232 g g
haemoptysis?® 213 227 228 230 4y 450 be described. Haemoptysis
was reported largely in older studies.?’ °® 27 Exertional breath-
lessness is described in many case series.*? 93 212 213 228 Children
may also present with failure to thrive or malnutrition,” 212 213
although in the UK they are likely to be of normal weight and
height.?3! Less frequently described as presenting features are
fever??® chest pain®*® and recurrent lower respiratory tract
infection.

Interpretation of the literature with regard to physical find-
ings is also difficult in terms of relevance to the current popula-
tion. While classical signs of advanced established disease (digital
clubbing, cyanosis, chest deformity, hyperinflation, altered
posture) have been reported in recent non-UK series' *? 212 as
well as many older series, 2’ > 21% 227 228 5 gingle recent UK study
found clubbing to be absent and chest deformity uncommon in
non-CF bronchiectasis.>*! A significant sign is the presence of
persistent inspiratory crackles on auscultation of the lungs,* 4% 9
13 especially in the absence of a viral cold. Wheeze, upper airway
disease and mediastinal shift may also be seen 2® 4% 215 227

Children may experience worsening of symptoms at times of
increased levels of infection (an infective exacerbation). Clinical
features of an infective exacerbation are described in more detail
in Section 5.
Recommendations (3'° 20 23 42 53 214 215 218 228-233)
> Respiratory symptoms, particularly cough and sputum

production, should be assessed and recorded in all children

with bronchiectasis. [D]

» There should be a high index of suspicion for diagnosing
bronchiectasis in children with chronic respiratory symp-
toms. [D]

» The finding of persistent lung crackles on auscultation should
alert the clinician to possible underlying bronchiectasis. [D]

What symptoms and signs should be assessed in an adult with
bronchiectasis?

Symptoms and signs in patients with bronchiectasis may relate
directly to bronchiectatic airways or may be secondary to an
underlying cause.

Cough and sputum

Cough is the commonest symptom relating to bronchiectasis,
occurring in >90% of patients. The cough is productive of
sputum daily in 75—100%, on an intermittent basis in 12—20%
and non-productive in 5—8%.%¢ °° 4% 245 Agsessment of volume
may be by patient and clinician estimate and, in the literature,
the convention is to compare the volume of sputum produced in
24 h with easily recognisable units such as a teaspoon (5 ml),
dessert spoon (10 ml), tablespoon (15 ml), egg cup (30 ml) or tea
cup (200 ml).??® 2% Formal collection of sputum over 24 h will

Thorax 2010;65:11—i58. doi:10.1136/thx.2010.136119

achieve a more accurate measurement and this may be recorded
as volume or weight. The volume of sputum produced may vary
widely with mean/median daily volumes of 65 ml, 113 ml
25 ml, 34 ml and maximum volumes of 300 ml, 567 ml and
200 ml seen in four studies, respectively.?? 147 223 241

The discolouration of sputum is related to purulence (release
of neutrophil myeloperoxidase).”** % Visual inspection of
sputum enables classification of appearances as mucoid
(colourless), mucopurulent (pale yellow) or purulent (yellow to
green).”*” In two studies of stable patients, 29% and 3% had
mucoid, 26% and 41% mucopurulent and 45% and 56% purulent
appearances, respectively’’ ?*° Experienced observers can
accurately assess sgutum colour with low intra- and inter-
observer variability.*** Sputum purulence relates to radiological
changes, with varicose or cystic bronchiectasis associated with
more discoloured sputum than tubular bronchiectasis on HRCT
scanning.”?® Purulent sputum may have a socially embarrassing,
offensive or fetid odour in 17—20% of cases™ °* which may
require direct questioning to elicit.

Dyspnoea, haemoptysis, pain, fever

Dyspnoea is reported in 72%*® and 83% of cases and severity
correlates with degree of impairment of FEV;,**® extent of
bronchiectasis on HRCT scanning”® and sputum volume.?*!
Haemoptysis is frequent (51%,* 45%°2) and, in one study, was
blood-staining of sputum in 27%, frank bleeding up to 10 ml in
20% or massive (>235 ml) in 4%.7 It may be the sole presenting
symptom.?* Haemoptysis is frequently a cause of anxiety for
patients and is often related to infective exacerbations. Chest
pain when patients were stable occurred in 31% in one series,
was usually non-pleuritic and ranged from mild to severe.?*

Infective exacerbations

Patients with bronchiectasis may experience a worsening of
symptoms compared with those present most of the time (an
infective exacerbation). Definitions of an exacerbation vary in
the literature but have in common either a change in one or
more of the common symptoms of bronchiectasis (increasing
sputum volume or purulence, worsening dyspnoea, increased
cough, declining lung function, increased fatigue/malaise) or the
appearance of new symptoms (fever, pleurisy, haemoptysis,
requirement for antibiotic treatment). Mean or median
frequency of exacerbations (per year) has been reported to be
3,225 42% 4% 33-382%7 62 (range 3—12)°* 2.1-2.9°¥
2.1-3.1,%46 4-6.5,% 5.0£5D4.0.24

Sacial and psychological impact, quality of life

Assessment of psychological symptoms and quality of life has
shown that patients with bronchiectasis have increased anxiety
and depression scores, increased fatigue and lower quality of
life. 233 242 250 251 The St George’s Respiratory Questionnaire has
been validated for use in bronchiectasis.>* 2°! Levels of depres-
sion are related to dyspnoea score,*? and patients colonised
with Pseudomonas have lower quality of life than patients
colonised with other bacteria.®® Disease severity as measured by
CT scanning does not reliably correlate with impaired psycho-
logical well-being.?3® 242 29 Symptoms, particularly cough, may
also impact on family members.?*!

Physical findings

The characteristic physical finding in bronchiectasis is coarse
crackles heard on auscultation,*® 2% 245 commonest in the lower
lung zones™ and present in 69.9%' and 71%™ of cases.
Phonopneumography studies?*® 2** indicate that crackles are
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coarse, start early in inspiration, peak in intensity in the mid
part and may extend into the late part of inspiration. Crackles
are typically present in expiration. Coughing may temporarily
reduce their intensity. The presence of crackles in patients
with only mild airflow obstruction and persistence into the
second half of inspiration helps distinguish the crackles of
bronchiectasis from those of COPD. Localisation of crackles
correlates poorly with areas of bronchiectasis on HRCT
scanning.?%?

Wheeze may be heard in 34% and large airway rhonchi in
44%.% Finger clubbing, a recognised feature in 45% of patients
in an early series,®® cannot be used to identify patients as it
occurs infrequently in a recent report.*®

Recommendations (2_’233 346 52 53 145 221 223—225 2337257)

> Assessment of symptoms in patients with bronchiectasis
should include a record of both sputum purulence and
estimated or measured 24 h sputum volume when clinically
stable. [D]

» The number of infective exacerbations per annum should
be noted including frequency and nature of antibiotic usage.
[D]

Good practice point
» Impact of symptoms on daily life should be assessed.

Investigations directed at underlying cause

Why should the underlying cause of bronchiectasis be established?
Some investigations into the underlying cause are appropriate
for all patients in whom bronchiectasis is confirmed, whereas
others can be used in selected patients in whom a particular
aetiology is suspected and the use of investigations will be
determined in part by clinical judgement. Case series have
demonstrated that investigations into the underlying cause
change management and identify previously unrecognised
conditions that, while sometimes rare, have important treat-
ment and/or prognostic implications (for instance, immune
defects and CF in adults and PCD in children).?? 25 54 232

Recommendation (372 %3 %% 22

> Investigations should be performed to establish cause and
severity of disease. [D]

What blood tests should be performed?

These are listed in below. Some tests should be performed in all
patients who have bronchiectasis whereas others can be
requested more selectively.

Blood inflammatory markers (neutrophil count, erythrocyte
sedimentation rate, C-reactive protein) can be used as indirect
markers of disease activity and as a signal of the severity of an
exacerbation; very high values may indicate concomitant
pneumonia. Values in stable state have been shown to correlate
both with extent of bronchiectasis and quality of life. Similarly,
patients with bronchiectasis usually have high levels of major
immunoglobulin classes; in one series, 83% IgG, IgA, IgM or
a combination was raised by >2SD above the mean, reflecting
chronic bronchial infection. Conversely, common variable
immunodeficiency (hypogammaglobulinaemia) is a relatively
common cause of bronchiectasis, which is important to identify
when present because immunoglobulin replacement will
prevent (or slow) disease progression.®®% Measurement of IgG
subclasses are not recommended for several reasons: studies have
shown that low subclass levels do not necessarily make patients
susceptible to infection; they are difficult tests to perform in the
laboratory and values do not always add up to total IgG; results
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are not consistent and may recover spontaneously. Specific
(functional) antibodies are recommended instead (for detailed
information see section on immunology).

Peripheral blood eosinophilia, high serum IgE and a positive
RAST (specific IgE) test to Aspergillus characterises ABPA.
Aspergillus precipitins are positive in a proportion of cases,** 74 123
but multiple precipitin lines suggests an aspergilloma. Rheuma-
toid factor is non-specific, but high values with evidence of joint
disease do characterise a group of patients in whom small airways
disease is prominent and immunosuppression, even in the pres-
ence of active infection, should be considered.

Recommendation (1++,5 2+ 54 65 322 54 123)

The following should be measured in all patients:

> serum immunoglobulins (IgG, IgA, IgM) and serum electro-
phoresis; [A]

> serum IgE, skin prick testing or serum IgE testing to
Aspergillus fumigatus and Aspergillus precipitins. [C]

Good practice points

» The following tests should be performed in all patients:
full blood count and white cell differential
erythrocyte sedimentation rate or C-reactive protein;
routine biochemistry.

» If clinically relevant, the following should be performed:
rheumatoid factor, antinuclear factor and ANCA;
functional antibody assessment (see immunology section)

What immunological tests should be done on all patients?
Antibody deficiency constitutes a significant underlying cause of
bronchiectasis. Other immune deficiency disorders (primary and
secondary) also play a role, although on a less frequent basis.
Different approaches are therefore needed as to the definition of
possible underlying antibody deficiency and to other immune
deficits in the patient with bronchiectasis.

In cases where a diagnosis of bronchiectasis is established,
a process of screening (universal or targeted) for antibody defi-
ciency is warranted and was suggested as long ago as 1973.2”° This
would be aimed at detection, principally, of primary antibody
deficiency but will also detect the majority of cases with secondary
antibody defects which are complicated by structural lung damage.
In either case, antibody deficiency may be a recent development or
be of long standing and may be manifest overtly or in a clinically
subtle manner. It is recommended that serum measurement of the
major immunoglobulin isotypes is undertaken in all new (and
previously uninvestigated) patients with bronchiectasis. In addi-
tion, assessment of the adequacy of antibody responses to specific
antigen challenge (natural or artificial) should be assessed, either
universally across all patients or by a targeted approach with
investigation in selected patients. Targeted screening could, for
instance, apply only to cases where more common underlying
causes have already been excluded (bronchiectasis of undefined
aetiology) as the second component of a biphasic investigation
protocol or to cases where other indicators of potential antibody
deficiency (eg, coexistent otitis media)® are present. Local opera-
tional factors will determine whether a universal or a targeted
approach to specific antibody measurement is preferable. At
present there is no clinical, economic or quality of life evidence that
a universal approach is superior or justified.®* #

Current processes for evaluation of antibody deficiency in the
routine setting of bronchiectasis should encompass:

1. Screening measurement of serum IgG, IgA and IgM levels
with electrophoresis in all patients.®® ® !9 Routine
assessment of serum IgE and of IgG subclass levels are not

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119
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justified as Osclrlele?li;lgsiznvestigations for exclusion of antibody

deficiency.

2. Universal or targeted assessment of baseline specific antibody
responses to peptide and polysaccharide antigens. The former
may include tetanus toxoid. For the latter, the capsular
polysaccharides of S pneumoniae and H influenzae type b are
currently most practical.

3. Where specific antibody levels are absent or subnormal,
adequacy of the humoral response to challenge should be
assessed by immunisation with appropriate antigens, as
guided by measured baseline antibody levels, and remeasure-
ment of relevant levels around 21 days after immunisation.
Adequate evaluation of humoral immunity requires assess-
ment of baseline antibody levels, with or without
post-immunisation responses as appropriate, to both uncon-
jugated and peptide-conjugated polysaccharide vaccines.?”
Interpretation of test results should take into account recent

infection history, previous immunisations, defined local normal
ranges, the limitations of derived normal ranges for some of
these tests and the lack of response (natural or immunisation) to
specific antigens which may occur in some apparently normal
individuals. Assessment of natural or immunisation response to
unconjugated polysaccharide vaccines is not useful in infants
<2 years and is difficult in children <5 years.

Among the most common abnormalities which will be identi-
fied by a universal screening process will be elevated serum
immunoglobulin levels, principally of IgG and IgA classes.”* 7 %3 2%
These abnormalities are generally reactive and are reflective of
repeated inflammation at the bronchial mucosal surface. Normal
or elevated total immunoglobulin levels can, however, mask
significant defects in specific antibody production,®® which
stresses the importance of assessing the functional integrity of
the humoral response at the level of specific antigens as well as
measuring total immunoglobulin levels.

Second-line investigation is required (1) where screening
identifies a humoral immune deficit; (2) in some cases, possibly,
to ascertain that reactive features do not mask a significant
underlying defect; and (3) where screening for antibody defi-
ciency has shown no significant abnormality but where there are
features or indicators which result in a persisting suspicion of
immune deficiency. Interpretation of abnormal problematic
screening test results and planning of further investigations,
where required, should ideally be undertaken with specialist
input and advice from the immunology department.’®" ' The
general approach to investigating bronchiectasis in combination
with immune deficiency is outlined in figure 1.

Contact information about local/regional immunology
services which can appropriately input into the diagnosis of
patients with bronchiectasis who may have underlying immune
deficiency and in the further management of such patients can
be obtained from the UK Primary Immunodeficiency Network
(contact details in online Appendix).

Recommendations (7+,63 2+’65 115 371 73 83 89 90 101 111 112 117

252-256)

> All patients with bronchiectasis should be screened at
presentation for gross antibody deficiency by routine
measurement of serum IgG, IgA and IgM levels and serum
electrophoresis. [A]

» Respiratory and immunology units should develop additional
local protocols for screening assessment of humoral responses
to specific antigens. Such screening may be universal (applied
to all cases of bronchiectasis) or targeted (directed only at
higher risk cases in whom common underlying causes of

Thorax 2010;65:11—i58. doi:10.1136/thx.2010.136119

bronchiectasis have been excluded or who have other features
of potential antibody deficiency) according to local preference
or circumstances and should comprise [D]:

> measurement of baseline specific antibody levels against
tetanus toxoid and the capsular polysaccharides of both S
pneumoniae and H influenzae type b (or suitable alternative
peptide and polysaccharide antigens);

> immunisation with appropriate vaccines followed by re-assay
of individual specific antibody responses after 21 days where
screening baseline levels are low.

> Where screening tests or clinical presentation indicate that
further immunological investigation is warranted, this should
be planned and undertaken within an agreed and integrated
respiratory/immunology protocol. [D]

What are the second-line immunological investigations and when

should they be performed?

Although, in general, normality of primary screening tests

occurs very rarely in the presence of a significant immune defi-

ciency disorder, further testing of immune competence beyond
those humoral ‘screening’ investigations already outlined may be
indicated in some patients with bronchiectasis. For instance,
interstitial pneumonitis due to Preumocystis carinii or cytomeg-
alovirus may complicate T cell dysfunction and staphylococcal
or Aspergillus infection primarily suggests a neutrophil defect.
Detailed investigation for possible immune deficits beyond
simple relatively easily-defined antibody defects should be
undertaken only in conjunction with specialist clinical immu-
nology input and advice using agreed protocols. Investigations
should only employ validated techniques and should be under-
taken in a rational sequential fashion on the basis of presenting
features.?”’ "% Investigations should be performed by diag-
nostic laboratories which are externally accredited by appro-
priate bodies and a definitive diagnosis of immune deficiency

should be based on established and accepted criteria,'®® 20

although uniform guidelines on the diagnosis of some conditions

have yet to be adequately defined.

Further investigation is principally directed towards identifying
or refining defects in host defences, individually or in combina-
tion, and principally to test the following compartments:

1. T cell (enumeration, phenotype, in vitro and in vivo
activation, proliferative capacity, cytokine production).

2. B cell/immunoglobulin (cell enumeration, phenotype, prolif-
erative capacity, immunoglobulin quantification and func-
tional responses).

3. Phagocyte (enumeration, adhesive capacity, chemotaxis/migra-
tion, phagocytosis, oxidative burst, killing and degradation).

4. Complement (functional assessment of pathways, activation/
breakdown products, individual component assessment).

5. More rarely, other immune components (eg, natural killer
cells).

Recommendations (3'%2 257720)

Consideration of second-line assessment of immune competence

is necessary in the following circumstances:

> Antibody screening investigations have demonstrated the
presence of an antibody deficiency disorder (to refine diagnosis,
detect immune complications and plan treatment). [D]

> In the presence of normal antibody screening test results
where the following are present: [D]

— clinical suspicion of immune deficiency (short stature, facial
abnormality, cardiac lesions, hypocalcaemia, cleft palate,
oculocutaneous telangiectasis, eczema, dermatitis, pete-
chiae, manifestations of endocrinopathy, unexplained
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Figure 1 Bronchiectasis immune
deficiency investigation protocol.
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defining immune deficiency state secondary to other disorders

failure to thrive, enlargement of absence of lymphoid
tissues, unexplained organomegaly, unexplained joint
symptoms);

— a family history of known or suspected immune deficiency;

— infections which are serious, involving a threat to life,
tissue destruction or which require/have required surgical
intervention (eg, lobectomy, tonsillectomy, insertion of
grommets, incision of boils), are persistent or recurrent
despite multiple or prolonged courses of antibiotics, involve
unusual/opportunist microorganisms or involve multiple
sites (eg, sinuses or middle ear in addition to the bronchial
tree).

When should patients have gastrointestinal investigations?

Gastrointestinal investigations should be performed