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bronchiectasis

M C Pasteur,’ D Bilton,2 A T Hill®, on behalf of the British Thoracic Society

Bronchiectasis (non-CF) Guideline Group

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 wviral
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]

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119

> 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 a;-antitrypsin deficiency a cause of bronchiectasis?

» Routine screening for oy-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

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119
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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 1's (FEV;), forced vital capacity
(FVC) and forced expiratory flow (FEF;575) 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]

> PDatients 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?
> It seems appropriate to assess patients with airflow
obstruction for reversibility to B, agonist and anticholinergic

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

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 All). 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.2° 478 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 52/100 000 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/
100 000.%* 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+ + 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 AIll 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.’® 1 2972 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. % 3

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.?* 37 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. .

Recommendation (3'375¢)

» 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.?® °* % Pertussis,® °! ** pulmonary
tuberculosis,® " *¢ °3 mycoplasma®® °! and viral pneumonia
(particularly adenoviruses* * ' and measles?® ** °2 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%?% 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.®” > 4 54 %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,60 U M kansasii,®® M
malmoense?).
Recommendation (3°7 42 48 %4-62
> 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 an secondary® & 74776 79 8182 8486 87 1 yne 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® %796 193 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.?? 7! 83 8890 Additional disease co-factors, such as o4-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 74 96 114 117 1197121 T 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.® 2% 08 71 73 83 88 89252 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%,° ?2 71 73 8 ¥ 4lthough 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.% 0 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.®*~® %4 115 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+ +,55 2+ 64 65 38 22 66121
> 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.** '%7

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 (3'% 22 5% 1227131

> 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 33
186-138 140 1427144 5nd independent of serological evidence
of ABPA.'?2 134 135 Bronchial dilation is also seen.'® ! Features
of definite bronchiectasis are seen less often, ' 138 139 148 {¢
with a clearly increased incidence compared with healthy
control groups (17.5—28%).'%8 137 13 Bronchiectasis in asthma s
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'®?~'94 12 144 and proximal'® as well as
distal airways.
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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% %5 1%6)

» 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 (373 2% 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.?? ! 1%2
Most will be pancreatic-sufficient, and even those who are not
will rarely have gastrointestinal symptoms.'>? 197

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

i
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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,*” 147 190 154 {yt not
all, ' 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% 2 147~157)

» 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.'® 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%'% 17 and 41%.'%* Asymptomatic bronchiectasis may be
identified in 4—8% of patients with RA using HRCT.'®® 173 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.'® 74 179
Recommendations (2+,"%¢ 2,59 3156175
> 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.!”” 18 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]
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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

vyVYYVY

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 oy-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. '8 190 192 198200 Many 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.'?”
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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 PiMZ
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;-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,®> CFY 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!? 2! 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.”® %3
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, parenchymal
densities or atelectasis.?'? 2'® 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 (3%° 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.

ina

> 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° #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
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.
> Patients 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.

2 52 53 219—226
(3% )
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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?® ** 212 229

or refer to indigenous populations living in poverty,*? 212 2% 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 3.62!° 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 55 212 213 216 227 228 252 \y o2 212 218 227 232 g
haemoptysis®® 218 227 228 230 may; also be described. Haemoptysis
was reported largely in older studies.?’ °® 227 Exertional breath-
lessness is described in many case series.*? 9 212 213 228 Chjldren
may also present with failure to thrive or malnutrition,” 22 213
although in the UK they are likely to be of normal weight and
height.”*! 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’ 9 213 227 228 4 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,>® #? %3
“13 especially in the absence of a viral cold. Wheeze, upper airway
disease and mediastinal shift may also be seen.?? 42 215 227

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%.%¢ °° 1 249 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).?*® %% 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.® 142 223 241

The discolouration of sputum is related to purulence (release
of neutrophil myeloperoxidase).”** 2% 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%°%) 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%.” 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
3,723 426 424 33-382% 62 (range 3—12)** 2.1-2.9
2.1-38.12% 4-6.525 5.0+5D4.0.2%

Social and psychological impact, quality of life

Assessment of psychological symptoms and quality of life has
shown that patients with bronchiectasis have increased anxiety
and degression scores, increased fatigue and lower quality of
life.?33 242 250 251 The St George’s Respiratory Questionnaire has
been validated for use in bronchiectasis.?>® °! 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 2% 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,*® 24° 243 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 223225 2337251)

> 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).2? 23 5% 232

Recommendation (372 23 %4 2%2)

» 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+ +,55 2+,64 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.%° 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.® % '° Routine
assessment of serum IgE and of IgG subclass levels are not
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justified as screening investigations for exclusion of antibody

deficiency?0 111 112352
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.”* 73 % 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+,b‘5 115 371 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 Pueumocystis 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'%2 257—250)

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.

criteria
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- Toinclude maintaining serum Shared investigations Standard
IgG > minimum 6g/I - 2"Line bronchiectasis
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HRCT as part of monitoring management/
schedule l monitoring

‘Reactive’ measures

abnormalities

A4
Significant immune deficit
amenable to/requiring active
treatment measures

- utilise
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diagnostic criteria

+

measures

General bronchiectasis treatment measures

Specific Immune Deficiency treatment

* To include local investigation protocols for:

2" line investigations aimed at refining
precise diagnosis of primary antibody

deficiency disorder

IgA deficiency — may be selective, part of a wider immune deficiency or may evolve into a

wider disorder

defining other/complex/combined primary immune deficiency disorders.
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 at the
discretion of the clinician. There will be a lower threshold for
these investigations in children in whom there is a higher inci-
dence of structural abnormalities or aspiration presenting as
bronchiectasis than in adult patients.®* In adults a high inci-
dence of bronchiectasis associated with gastric aspiration has
been identified in lung transplant patients.*® 2! The investiga-
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tions chosen will normally include one or more of 24 h oeso-
phageal pH monitoring, barium studies, videofluoroscopy or the
identification of foam-laden macrophages on bronchoscopic
samples. Identifying aspiration in the context of bronchiectasis
can direct management (intensive acid suppression and fundo-
plication when it is felt appropriate).

Recommendations (3¢ 252 257)

» 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 CF?

As CF is associated with a more rapid progression and consid-
erably greater mortality than non-CF bronchiectasis, it is
important to identify these cases. Unless a confident alternative
cause can be identified, all children presenting with bronchiec-
tasis will need investigations to exclude CF and the minimum
should be two measurements of sweat chloride and CFTR
mutation analysis.
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In adults, clinical judgement will be needed to decide who
should have investigations. Screening all patients with bron-
chiectasis using sweat and genetic testing, although performed
in some centres, is time-consuming for patients and staff and
has not been shown to be cost-effective. Consideration should
be given to factors that increase the probability of underlying CE
Two studies of patients with undifferentiated bronchiectasis
found that those identified with CF were not aged >56 years®? '*?
and 85% were <40 years.'”® Rarely has first presentation of
CF in the eighth decade with respiratory symptoms been
described.?® A cohort of patients with CF presenting as adults
(including those with non-respiratory symptoms) had a mean
age at presentation of 32 years."”” Other features seen in
adults found to have CF include clinical features of malab-
sorption,’™ a history of male infertility,** **? childhood stea-
torrhoea,™? the isolation of S aureus in sputum?? 92 208 and
upper lobe bronchiectasis on HRCT scanning.?* A previous
negative sweat test does not exclude CE'®? Some will have
a history of symptoms since childhood'™ or sinusitis,'>’
although these are also common features in patients with
bronchiectasis in general ??

Guidelines for accurate sweat testing have previously been
established with the recommendation that sweat chloride rather
than sweat conductivity should be measured.?®® The sweat test
is useful in adults as well as children,’** although mean values
are lower in atypical CF patients who present in adulthood'””
and may fall within the normal or intermediate range.”” The
greater the number of CFTR mutations screened for, the greater
the number of patients with CF will be identified."*> Advice
from the local clinical genetics department may be necessary.
The role of nasal potential difference measurements in routine
clinical practice has yet to be defined.?*

Recommendations (3% 152 157 262-266)

» All children and all adults up to the age of 40 presenting with
bronchiectasis should have investigations for CE [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 S 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?

Tests of ciliary function can be divided into those that are
indirect and may be used to screen patients (saccharin test and
nasal nitric oxide (NO) measurements) and those that defini-
tively assess function and structure (ciliary beat frequency/
pattern tests and electron microscopy studies). The saccharin
test is cheap and can be performed everywhere. Unfortunately it
is only reliable if performed exactly as set out in box 2, so may
not lend itself to occasional practice. The test is not suitable for
small children who will not sit still for an hour. In patients with
PCD, nasal NO and, to a lesser extent, bronchial NO is very low
and in centres with access to this test it can be used to screen for
PCD (nasal NO <100 parts per billion indicates need to test
ciliary function). A consensus guideline for the measurement of
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nasal NO has been published.?®” Ciliary function tests can only

be performed in specialist centres (see online Appendix for centre

and referral details).

In children, PCD will be considered if any of the features
outlined in box 1 are present. A ciliary abnormality is unlikely in
adults if the history does not go back to childhood, there is no
history of chronic otitis media or upper respiratory tract
symptoms,” or if there has been a prolonged spell of several
years in which the patient has been asymptomatic.
Recommendations [3°° ?%7]

» 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 NO may
be used to screen out those not requiring detailed ciliary
function tests. [D]

Good practice point
» For children (particularly if very young), direct referral to

a specialist centre may be preferred to performing screening

tests suboptimally

Obtaining cilia for examination

If history or screening tests suggest further investigation is neces-
sary, cilia should be obtained for direct examination (box 3). Some
centres will assess samples of cilia if received by courier on the same
day as sampling or can arrange to assess patients at their unit.

What are the indications for bronchoscopy?
Bronchoscopy can identify and be used to remove foreign bodies
in the endobronchial tree and can show anatomical
abnormalities of the bronchi. With the increasing resolution and
availability of HRCT scanning, the place of bronchoscopy in the
investigation of patients is unclear. In studies of a non-UK
population of children, bronchoscopic abnormalities corre-
sponded to HRCT changes although bronchoscopy did allow
those abnormalities to be characterised and simple mucosal
inflammation to be distinguished from bronchomalacia.?'? %76 A
recent case report showed that a foreign body seen at bron-
choscopy was not evident in the single affected bronchiectatic
lobe on HRCT*! No studies of adult patients were identified.
Bronchoscopy may be used to characterise pathogens in the
lower respiratory tract. In children and adults with bronchiec-
tasis there is limited published information on its role. Only one
study of in stable state was identified?”! in which bronchoscopy
did not show any advantage over sputum culture at identifying
lower respiratory tract pathogens. Another study in children
with bronchiectasis related to HIV who had an acute respiratory
illness showed that bronchoalveolar lavage (BAL) had a high
yield of clinically relevant pathogens that required specific
antibiotic treatment.®’ In adults with stable symptoms, BAL
and protected specimen brush are both sensitive in detecting
lower respiratory tract organisms®®® " which were identified
in 57—88% of patients. This process is moderately invasive and
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Box 2 Saccharin test protocol

» Note that a simple cold can disrupt mucociliary clearance for

up to 6 weeks.

Check the patient can taste saccharin.

A 1—2 mm particle of saccharin is placed on the inferior nasal

turbinate 1 cm from the anterior end (in front of this the cilia

beat forwards).

» The patient sits quietly with the head bent forward and must
not sniff, sneeze, cough, eat or drink for the duration of the
test.

» The time that it takes for the patient to taste saccharin is
noted and is a measure of nasal mucociliary clearance. If after
60 min the patient has not tasted saccharin, a particle is
placed on the tongue to make sure that they can truly taste
saccharin.

» Tasting saccharin in <30min is normal. Patients with
rhinosinusitis commonly taste in 30—60 min.

» Patients not tasting in 60 min should have a ciliary function
test.

vy

quantitative microbiological analysis was used. When
comparing BAL with expectorated sputum culture, BAL has only
slightly greater sensitivity for detecting lower respiratory tract
pathogens and a lower incidence of contamination by nasal and
oropharyngeal flora.?®” 272 27° 342 \When atypical mycobacterial
infection is suspected on HRCT scanning as a cause of
bronchiectasis, bronchoscopy with bronchial washings signifi-
cantly increases the yield of mycobacterial cultures above that of
sputum culture alone.””® ?’* Bronchoscopic lung biopsy can
detect granulomas in the context of atypical mycobacterial
infection.?”*

The identification of lipid-laden macrophages on cytology
may indicate gastric aspiration.”?

Recommendations (377 87 212 232 268-276)

» In children, bronchoscopy is indicated when bronchiectasis

affects a single lobe to exclude a foreign body. In some 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 HRCT suggests atypical myco-
bacterial infection and sputum culture is negative. [D]

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

\4

v

Radiological investigations

What are the important modalities for imaging bronchiectasis?
Chest radiography and HRCT scanning are the two most
frequently used imaging tests for the diagnosis of bronchiectasis.
Other imaging tests either lack the spatial resolution to
demonstrate bronchial abnormalities (eg, MRI) or rely on
indirect signs of disease (eg, radionuclide studies). HRCT is the
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mainstay for the identification of bronchiectasis. Developments
in multidetector CT technology and image processing software
have improved the speed of acquisition of data and depiction
of airways abnormalities, respectively, but a standard HRCT
examination remains sufficient for the specific task of
demonstrating bronchiectasis.

What is the role of a chest x-ray?

Despite the deficiencies of the chest x-ray (notably its insensi-
tivity for the diagnosis of early bronchiectasis and poor observer
agreement), it is the usually the first imaging test used for the
investigation of a patient with suspected bronchiectasis. Digital
acquisition devices are capable of producing x-rays with
improved visualisation of, for example, bronchiectatic airways
behind the heart, with the added potential of radiation dose
reduction.?”? However, unless disease is severe, the radiographic
signs of bronchiectasis are usually inconspicuous. Some indi-
viduals fulfilling the usual criteria for COPD will have radio-
graphically cryptic bronchiectasis, as judged by CT criteria.?*’
For this reason, an apparently normal chest x-ray cannot be
taken to rule out bronchiectasis. Nevertheless, some studies have
suggested that the chest x-ray is rarely absolutely normal in the
face of what has been imprecisely termed ‘clinically relevant’
bronchiectasis.?’” 27

In terms of specificity, the chest x-ray of a patient with COPD
showing bronchial wall thickening (tramline and ring shadows)
and large volume lungs may be erroneously interpreted as indi-
cating bronchiectasis. The same non-specific features suggestive
of bronchiectasis are also frequently encountered in subjects
with asthma'¥' and children with acute lower respiratory
infection 2%

There is no good evidence to support the routine use of chest
radiography in monitoring patients with bronchiectasis with no
change in symptoms. Furthermore, there is very poor correlation
between infective exacerbations in individuals with bronchiec-
tasis and convincing radiographic changes.?®!

Recommendations (34" 22> 277281

> 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?
An HRCT examination is unlikely to change the diagnosis in
a patient with clinically and radiographically advanced bron-
chiectasis. However, numerous studies and clinical experience
attest to the improved performance of HRCT over chest radio-
graphy in detecting early or mild bronchiectasis. Nevertheless,
because HRCT cannot be regarded as the final arbiter for the
presence or absence of ‘clinically significant’ bronchiectasis,
a dogmatic recommendation that all patients with suspected
bronchiectasis should be subjected to an HRCT examination is
unwarranted. In this context, an appreciation of reasons for
both the under- and over-calling of bronchiectasis HRCT is
important.?®

In the absence of a true in vivo gold standard, the accuracy of
HRCT in confirming or excluding bronchiectasis is difficult to
ascertain. Evidence from early studies which compared CT
(using widely different technical parameters, particularly section
collimation) with bronchography do not allow any definite
conclusions to be drawn.”®* 2% While the HRCT features of
frank bronchiectasis can be regarded as reasonably specific, the
difficulties in definitively identifying early bronchiectasis may be
considerable. The earliest abnormalities in the evolution of
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Box 3 Protocol for obtaining cilia for examination

Method

Cilia are conveniently obtained without local anaesthetic (which
can affect ciliary beat) by moving a cytology brush backward
along the inferior turbinate of the nostril under direct vision via an
auroscope. Good yields of epithelium are only obtained with
practice. Sometimes nasal endoscopy or bronchoscopy is
required to obtain a sample. The brush is agitated in cell culture
medium and the strips of epithelium transferred to a slide prep-
aration. Various techniques are used to measure beat frequency
(normal 11—16 Hz) and to assess beat pattern. An experienced
technician is required to perform the ciliary examination. The
report should include the size of the sample and what proportion
of the epithelium was ciliated. A patient should not be labelled as
having primary ciliary dyskinesia (PCD) if the sample is inade-
quate. There may in some cases be a normal or near normal beat
frequency but an abnormal beat pattern. In all cases in which
there is a strong clinical suspicion of PCD, even when light
microscopy appears normal, the sample should be fixed in
gluteraldehyde and processed for electron microscopy examina-
tion. Dynein arm defects are the most common ultrastructural
defect, but many rarer abnormalities have been reported.

Ciliary abnormalities of both function and structure can occur at
sites of inflammation such as allergic rhinitis, chronic rhinosinu-
sitis or following a viral infection. Investigations can be repeated
after a time interval of at least 6 weeks during which treatment
may be given. Electron microscopy can often differentiate
primary from secondary cases, although unfortunately the yield of
ciliated epithelium from inflamed sites is usually lower. Ciliary
disorientation is a condition in which the orientation of the beat
direction is disorganised. This can certainly occur as a disorder
secondary to inflammation. However, some reports have
suggested that some patients with a very suggestive history of
PCD but normal electron microscopy have ciliary disorientation as
a primary disorder.

bronchiectasis are mild and merge with normality (the ‘hinter-
land of normal’). Further confounders are the effects of age and
cigarette smoking, both of which conspire to cause bronchial
abnormalities which may be marked enough to fulfil the HRCT
criteria for bronchiectasis.”® 27 Given that one of the earliest
signs of suppurative lung disease is bronchial wall thickening,
which is a non-specific sign of airways disease associated with
the least good observer agreement®®* and is encountered in other
conditions such as asthma'® 2%% and in cigarette smokers ¥ it is
not surprising that the HRCT diagnosis of mild or early bron-
chiectasis may be contentious.

Recommendation (3'37 262-258)

» HRCT is the radiological investigation of choice to establish
the diagnosis of bronchiectasis. [D]

What is an optimum HRCT protocol for defining bronchiectasis?

The full potential of CT for the detection of bronchiectasis was
only realised with the advent of HRCT—that is, in investiga-
tions which used a standardised protocol of 1.5 mm thick
sections at 10 mm intervals.*** 1% The simplest and lowest
radiation dose HRCT technique remains narrow collimation
(1 mm) sections obtained at 10 mm intervals from lung apex to
base with the patient in a supine position, breath-holding at
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maximum inspiration. Images are reconstructed using a high
spatial ~frequency reconstruction algorithm. With such
a protocol, clinically important bronchiectasis is unlikely to be
missed in the gaps between the thin sections. However, with the
increasing use of multidetector CT scanners which allow an
almost infinite variety of section thickness and interspacing,
volumetric thin section CT (ie, no gaps between slices) is
becoming the norm®”! 7 despite the extra radiation incurred.

Early studies of the detection rate of bronchiectasis with
volumetric CT, previously referred to as spiral CT technique
(3 mm collimation, pitch of 1.6; 24 s breath hold) showed that it
was superior to a standard HRCT protocol (1.5 mm collimation
at 10 mm intervals),?®® but the radiation burden to patients
using this protocol was over three times greater than that of
conventional HRCT. This basic caveat applies to the latest
generation of multidetector CT scanners although, as the
number of detectors increases (at the time of writing, 64 chan-
nels), the effective radiation dose diminishes. To date, few
studies have directly compared the diagnostic yield of conven-
tional HRCT with that of volumetric HRCT and, at the same
time, provided a meaningful comparison of the radiation dose of
the two protocols.

There are several potential benefits of volumetric HRCT. In
the context of large airways disease, one of the most frequently
cited is the ability to perform three-dimensional reconstructions
which can provide ‘virtual bronchoscopy’ or ‘poor man'’s bron-
chography’.*® However, although useful for the depiction of
major airways, such renditions are prone to artefacts and do not
confer any significant diagnostic advantage over conventional
transaxial and orthogonal reconstructions for the diagnosis of
bronchiectasis. A more tangible benefit is the reconstruction of
images in the coronal plane which, in one study, compared with
transaxial sections alone improved both the detection of bron-
chiectasis and observer agreement.?”® Many variations in the
way volumetrically acquired data is reconstructed are possible
(eg, a ‘paddle-wheel’ display),>”! but none has been shown to be
significantly superior to transaxial displays. A further advantage
of volumetric HRCT in the few individuals in whom a follow-up
HRCT scan is deemed useful is the ability to compare exactly
comparable sections—that is, taken at precisely the same
level—so that the difficulty of making a judgement about
progression of disease on conventional interspaced HRCT scans
is overcome. A disadvantage of volumetric HRCT, apart from its
increased radiation dose, is the greater degree of image degra-
dation by motion artefact compared with conventional
HRCT?” (particularly if the latter is performed with electro-
cardiographic gating®®®). Whether this has an important impact
on the detection of early bronchiectasis has not yet been
investigated.

Although the radiation dose from a standard HRCT scan is
relatively low (effective radiation dose in the region of
0.9 mSv), a volumetric HRCT scan can be 1.5—6 times this dose;
the most important determinants of the increased dose inherent
in volumetric scanning are the mA setting (which can be
adjusted according to the weight of the patient) and the type of
CT scanner in terms of number of detectors (a four-channel
machine delivers a greater effective radiation dose to the patient
than a 64-channel scanner). Recent studies have confirmed that it
is possible to reduce the mA by one-half to two-thirds of the
manufacturers’ usual recommendations without any deleterious
effect on the diagnostic quality of the images of volumetric*”® %
or conventional®” HRCT. Reducing the kilovoltage, a manoeuvre
particularly recommended in paediatric practice, also reduces the
effective dose to the patient; for example, reducing the kVp from
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120 to 80 kVp at a constant mA reduces the dose by approxi-
mately half3% %% However, reducing the kVp is more likely to
degrade image quality than decreasing mA, and a reduction below
100 kVp may result in unacceptable beam-hardening artefact

The small risk of cancer induction in patients undergoing CT
scanning should not be forgotten. Although uncertainty exists
about the risks at exposure levels normally encountered in diag-
nostic radiology, the best estimate currently in use for the general
population is a 5% risk per Sievert for cancer mortality (recom-
mendations of the International Commission on Radiological
Protection, 1990). The effective dose of 6 mSv, for example, for an
unmodified volumetric HRCT thus corresponds to a nominal
cancer fatality risk of approximately 3 per 10 000 patients.

Additional HRCT sections taken at end-expiration may reveal
features of small airways disease,”* but the identification of this
feature is not needed to make the diagnosis of bronchiectasis.
Sections obtained at end-expiration have been advocated to
differentiate cystic bronchiectasis from other cystic lung
diseases?®; bronchiectatic airways usually decrease in size on
expiratory scans in contrast to other cystic lesions. However, it
has been reported that most cystic lesions in the lungs (bron-
chiectatic or otherwise) decrease in size, making these additional
images of doubtful discriminatory value.®”’

Variations in window settings have a marked effect on the
apparent thickness of bronchial walls. Narrow window settings
will also alter the apparent bronchial diameter, unless the
measurement of the diameter is made between points in the
‘centre’ of the bronchial walls.**® In the context of suspected
bronchiectasis, a window level of between —400 and —950
Hounsfield Units (HU) and a width of between 1000 and
1600 HU have been widely recommended.?® 31 A more liberal
recommendation about the appropriate window level for the
accurate evaluation of bronchial wall thickness has been
reported in a study by Bankier er al that correlated thin-section
CT with planimetric measurements of inflation-fixed lungs.?’
For the accurate estimation of bronchial wall thickness the
authors suggest that, irrespective of the chosen window width,
the window centre should be between —250 and —700 HU, and
that within this range bronchial wall thickness is not appre-
ciably affected. Window width should be >1000 HU (a narrower
window width will cause a spurious appearance of bronchial
wall thickening); the suggested window width range lies
between 1000 and 1400 HU.

Because of the ways in which various factors of the CT
scanning protocol can alter the appearance—and even the
apparent dimensions—of the bronchi, it is important that the
CT technique is standardised and quality control is in place.
Because of the many factors discussed, it is impossible to be
prescriptive about the ‘optimal’ protocol for a CT scan tailored to
detect bronchiectasis, but a summary of the two extremes—a
typical protocol for a conventional HRCT using a single detector
machine versus that for a volumetric HRCT using a 64-channel
multidetector CT—are given below.

Recommendations (3?%9—370)

» Standard HRCT protocol, single detector CT scanner: [D]
patient position: supine, breath holding at full inspiration;
optional ECG gating
120—140 kV; 100—180 mA (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;
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120—140 kV; 120 effective mA; rotation time 0.5 s;
detector collimation 0.6 mm; section thickness 1 mm; pitch 0.9;
reconstruction with ‘very or ultra sharp’ kernel.

Good practice points

» Volumetric HRCT is superior to standard HRCT for the
detection of bronchiectasis but delivers a higher radiation
dose. Standard HRCT will be adequate in most instances.

> End-expiratory sections are not necessary for the detection of
bronchiectasis or differentiating bronchiectasis from cystic
lung diseases.

» The window centre should be between —250 and —700 HU
and width between 1000 and 1400 HU.

What are the HRCT features of bronchiectasis?

Identification of dilation of the airways is a prerequisite for the
HRCT diagnosis of bronchiectasis. The characteristics of bron-
chiectatic airways on the CT scan were first described by
Naidich e a/°'® and there have been minor refinements subse-
quently.*** 31° The relative size of a bronchus to its immediately
adjacent pulmonary artery has been the most widely used
criterion for the detection of abnormal dilation. In normal
individuals the overall diameter of a bronchus is approximately
the same, at any given level, as that of its accompanying
pulmonary artery. The mean=SD ratio of the diameter of the
bronchus (internal lumen) to the diameter of the pulmonary
artery in normal individuals at sea level has been estimated to be
0.62+0.13.5' In healthy individuals minor discrepancies in the
bronchoarterial diameter ratio may be seen,'*! and these are
more frequent with increasing age and in cigarette smokers.?%°
Thus, bronchial dilation in isolation in the absence of other signs
cannot be regarded as a wholly specific sign of bronchiectasis.
When airways lie parallel to the plane of section, abnormal
dilation is recognised by a lack of normal tapering, producing
a tramline (cylindrical) or flared appearance. Cylindrical bron-
chiectasis is by far the most common morphological pattern of
bronchiectasis identified on CT.*'? The usefulness of categorising
bronchiectasis into cylindrical, varicose or cystic subtypes is
limited, but cystic bronchiectasis usually denotes longstanding
and more severe disease.

Bronchial wall thickening is a usual but inconstant feature of
bronchiectasis. Problems with this variable feature have been
widely debated and the definition of what constitutes abnormal
bronchial wall thickening remains unresolved.”*® Minor to mild
degrees of bronchial wall thickening are seen in normal subjects,
those with asthma, individuals with lower respiratory tract viral
infections and asymptomatic smokers.?"® There is no simple and
robust criterion for the identification of abnormal bronchial wall
thickening: Diederich er a/ defined abnormal bronchial wall
thickening as being present if the internal diameter of the
bronchus was <80% of the external diameter.*'* While this sign
was associated with good interobserver agreement, it cannot
be applied when there is significant bronchial dilation (ie, in
bronchiectasis).

Secretions within bronchiectatic airways will generally be
easily recognisable as such. The larger plugged bronchi will be
visible as lobulated or branching opacities. Such airways are
usually seen in the presence of non-fluid filled obviously bron-
chiectatic airways. Mucus plugging of the smaller peripheral and
centrilobular airways produces V- and Y-shaped opacities, the
so-called ‘tree-in-bud’ pattern ®'07318

In many patients with bronchiectasis, areas of decreased
attenuation of the lung parenchyma can be identified; this
mosaic attenuation pattern reflects coexisting constrictive
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obliterative bronchiolitis.**® Sections taken at end-expiration
enhance the feature of decreased attenuation, the extent of
which correlates with functional indices of airways obstruc-
tion.?® This finding is most prevalent in lobes with severe
bronchiectasis but may be seen in some lobes in which there are
no CT features of bronchiectasis.

A subtle degree of volume loss is a relatively early sign of
bronchiectasis and is readily evident in the lower lobes on CT
scanning; there is crowding of the airways and posterior
displacement of the oblique fissure. CT scans will also clearly
demonstrate complete collapse of lobes, although the diagnosis
of bronchiectasis in acutely collapsed or consolidated lobes may
be uncertain because of the reversibility of bronchial dilation in
these situations.
Recommendations (3'%! 223 285 286 294 308 310-318)

» 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 although
harder to define. [D]

Can HRCT identify features of specific causes?
An underlying cause for bronchiectasis is found in less than
half of patients,** and HRCT features alone do not usually
allow a confident distinction between cases of idiopathic
bronchiectasis versus known causes or associations of bron-
chiectasis. However, in some cases the pattern, distribution
of bronchiectasis and associated CT features may be suffi-
ciently characteristic for a specific underlying cause to be
suggested; for example, the bronchiectasis of ABPA is typically
upper zone and central in distribution, with more normal
distal bronchi.'?? 317 325

A tendency to certain distributions has been described in
groups of patients with specific conditions; for example, a lower
and middle lobe distribution of cylindrical bronchiectasis with
particularly marked bronchial wall thickening is reported to be
typical of patients with hypogammaglobulinaemia.*** A predi-
lection for the middle lobe has been reported in patients with
immotile cilia syndrome®® and an upper lobe distribution of
cylindrical bronchiectasis in patients with CE*?” 328 Tracheo-
bronchomegaly (Mounier—Kuhn syndrome) may be readily
identified because of the marked dilation of the major airways
and the grape-like bronchiectasis.®**’ In patients with bronchi-
ectasis due to opportunist mycobacterial infection, particularly
M avium intracellulare complex, there is often a suggestive triad
of mild bronchiectasis concentrated in the right middle lobe and
lingula, a tree-in-bud pattern and randomly scattered nodules
1—2 cm in diameter (the latter may show cavitation).3?? 3%
Nevertheless, most studies that have sought to determine
whether observers can reliably distinguish between idiopathic
bronchiectasis and bronchiectasis of known cause have
concluded that, although several CT features occur more
frequently in certain groups of patients with an identifiable
underlying cause, the CT features evaluated cannot be regarded
as pathognomonic.?2 317 321

Recommendations (3'%° 372 319329

» 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, CE, opportunist mycobacteria and tracheobronchome-

galy. [D]
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How are HRCT changes related to lung function?

There is a relationship between the extent and severity of
bronchiectasis depicted on HRCT and measures of airflow
limitation, but the strength of correlation varies widely between
studies 210 225 231 284 292988 The disparate results reflect different
study methodologies and patient selection and close analysis of
the individual studies is inappropriate here, but some factors
that need to be borne in mind when interpreting these studies
include: (1) the type of HRCT scoring system used (eg,
summative scoring of various morphological abnormalities as in
the Bhalla system™? versus the grading of individual features
such as bronchial wall thickening or mosaic attenuation
pattern); (2) the population studied, which may potentially
include presymptomatic individuals (eg, children with CF)
versus older patients with advanced bronchiectasis; (3) ‘noise’
introduced in both the scoring of HRCT scans and the perfor-
mance of lung function tests; (4) appropriate data analysis
(many different individual morphological features may affect
pulmonary function—there is the temptation to rely on
univariate analysis to identify structure—function relationships
but the application of multivariate techniques is invaluable in
confirming the independence of correlations shown by univar-
iate analysis); (5) the images obtained from HRCT may be
mistakenly assumed to mirror microscopic as opposed to
macroscopic abnormalities. As an example, areas of decreased
attenuation in patients with bronchiectasis, which reflect
coexistent constrictive bronchiolitis, may be misinterpreted as
‘emphysema’. In a study of patients with bronchiectasis it was
reported that the widespread areas of decreased attenuation on
HRCT scans were caused by emphysema, accounting for the
functional gas trapping.®*® However, the ‘emphysema’ seen in
that study was not associated with decreased gas diffusing
capacity, the functional correlate of emphysema.

Despite these caveats, most of the studies cited above have
confirmed the expected link between the extent of bronchiec-
tasis and indices of airflow limitation. In a study by Lynch et al,
patients with a cystic pattern of bronchiectasis, taken to reflect
more advanced disease than cylindrical or varicose patterns, had
greater depression of FEV,.%*! An almost invariable finding in
studies that have quantified individual abnormalities is the
correlation between both bronchial wall thickness and areas of
decreased attenuation (representing small airways obliteration)
and airflow limitation.?!¢ 231 284

Recommendations { 16 223 231 284 292 330—332)

» The severity of bronchiectasis on HRCT correlates with
measures of airflow obstruction. [D]

How often should radiological investigations be repeated?
Fluctuations in the pulmonary function of individuals with
bronchiectasis reflect variations in a number of different
morphological abnormalities including the degree of bronchial
wall thickness and the volume of retained secretions in small
and large airways; such changes are not necessarily evident on
serial chest x-rays and even semi-objective scoring of the various
expected radiographic abnormalities do not correlate well with
clinical or functional features of an infective exacerbation.
Nevertheless, despite the lack of evidence of their usefulness,
chest x-rays tend to be repeated at follow-up. The argument
that chest x-rays may reveal unexpected complications (eg,
pneumothorax) is not compelling.

Over and above considerations of needless exposure to
ionising radiation, there is no convincing case that repeated
HRCT scans are useful in the management of patients with
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bronchiectasis. In anecdotal cases, HRCT scanning may provide
an explanation for an otherwise unexplained step down in
pulmonary function test results, but this is unusual. There may
be a role for serial CT scanning to chart the evolution of bron-
chiectasis and to provide an explanation for fluctuations in
pulmonary function tests over time. There have been few
longitudinal studies in bronchiectasis evaluating the relationship
between variations in pulmonary function indices and changes
on CT, except in patients with CE3** 3° In adult idiopathic
bronchiectasis, fluctuations in pulmonary function tests over
time are most closely parallelled by changes in the extent of
mucus plugging on HRCT whereas, on the baseline HRCT scan,
bronchial wall thickening and the extent of mosaicism were the
most important determinants of airflow limitation.®® At the
present time, because of radiation dose considerations and
the unknown reliability of CT scans for the detection of serial
change, CT scanning should not routinely be used to monitor
patients with bronchiectasis. One possible exception is patients
with humoral immune deficiency in which progression of
bronchiectasis may occur silently.''®
Recommendations (3'7° 333—3%)
» Routine repeat chest x-ray or HRCT is not necessary; repeat
imaging should be considered when there is clinical need. [D]
» 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]

Radiology in children

Justification for the need to expose a child to ionising radiation,
however small the dose, should be a major consideration,
particularly as children are approximately 10 times as sensitive
to the effects of radiation as adults. Tailoring dose parameters to
a ‘low as reasonably achievable’ CT examination should be
vigorously pursued, with particular reference to reducing the mA
based on the child’s weight. The use of volumetric HRCT
scanning using multidetector scanners allows exactly anatomi-
cally comparable sections to be compared when evaluating
sequential HRCT, which may be an important advantage in the
context of clinical trials (see next section), but again the tech-
nical parameters need to be appropriately adjusted to reduce the
radiation dose as far as possible. By using 1 mA/kg (in individ-
uals <50 kg) and 120 kVp, it is possible to achieve acceptable
image quality with a substantial reduction in dose; between
1.3mSv (20kg) and 2.5mSv (60kg) using a four-channel
multidetector CT (see also section ‘What is an optimum CT
protocol for defining bronchiectasis?’).

Aside from radiation, suboptimal image quality because of
movement artefact is a particular problem in paediatric practice.
Image degradation may be severe enough to render the HRCT
non-diagnostic so that a repeat examination, with its attendant
radiation, is required. Sedation of some sort is occasionally
necessary for a restless child, but with multidetector CT it is
reported that sedation is needed in less than 5% of cases.*®

Good practice points
» Radiation dosage should be minimised in children.
» Multidetector CT may reduce the need for sedation.

What scoring systems should be used for research?
A scoring system designed to quantify structural abnormalities
seen on HRCT in patients with CF was first reported in 1991.3%?
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Subsequently, various scoring systems (all based on patients with
CF) have been proposed, all of which are variations on the theme
of visual grading of the HRCT signs associated with
bronchiectasis.***>#! No scoring system has been developed in
non-CF bronchiectasis to date. No single system has been shown
to be obviously superior to its competitors. With most of these
systems, a semi-quantitative score is assigned to bronchiectasis
(extent and severity), peribronchial thickening, mucus plugging,
bullae, emphysema (this controversial abnormality is not included
in more recent systems), air trapping on expiratory CT, areas of
collapse or consolidation and thickening of interlobular septa.

Recommendation

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

332 336341
(3 )

Sputum microbiology

Which organisms are isolated from the lower respiratory tract in
bronchiectasis?

Studies examining the bacteriology of bronchiectasis are
summarised in table AIV (Appendix 2). While many investiga-
tions into bronchiectasis contain microbiological information,
only a few offer a comprehensive cross-sectional analysis of
bacterial isolation. Methodology differs between studies, some
using sputum culture, others BAL. The populations studied
also vary. In children the predominant pathogen isolated is
H influenzae®® 2% 271 276 wwith other organisms such as S pneu-
moniae, S aureus, M catarrhalis and P aeruginosa found much less
frequently. One such study?®’® of 33 patients included five who
had chronic suppurative lung disease without bronchiectasis on
HRCT scanning but uniquely screened for mycobacteria
on BAL, finding M tuberculosis in one of 28 patients with
bronchiectasis.

In adults, H influenzae is the most frequently isolated 2pathogen,
being found in up to 35% of patients?? 40 149 268 270 276 5427544
However, there is a significantly higher isolation rate of P aerugi-
nosa than in children, this organism being isolated in 5—31% of
patients. As antibiotic sensitivity patterns are considerably
different for these two organisms, sputum culture results can
have a direct bearing on the likely response to treatment.
A significant but variable isolation rate of pathogens such as
S pneumoniae, S aureus and M catarrhalis is also seen. Aspergillus
species are found in a small number of patients. Studies have
indicated that isolation or chronic colonisation with S aureus
is associated with an increased incidence of CF and ABPA.?? 2%

Recommendations (379 22 23 46 145 264 269 271 272 277 343—345)

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

> Persistent isolation of S aureus (and/or P aeruginosa in
children) should lead to consideration of underlying ABPA
or CE [D]

How and when should standard microbiology be performed? At what
interval should it be repeated?

The Health Protection Agency provides detailed guidance on all
aspects of the collection, transport, laboratory processing,
culture and antibiotic sensitivity testing of respiratory tract
specimens. This information is available from the HPA website
(http://www.hpa-standardmethods.org.uk/documents/bsop/pdf/
bsop57.pdf.**S The recommendations below are based on the
guidance from this agency. Culture of a fresh specimen of
expectorated sputum is non-invasive, simple and effective in
isolating pathogens from the lower respiratory tract and can be
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used in both adults and children,' 3*? although a pharyngeal

swab after coughing may be necessary in very young children and
preferred in some older children. Bacteriological yield is related to
purulence (ie, increased at times of an infective exacerbation) and
should be obtained before the commencement of antibiotic
therapy. In a single study in adult patients with bronchiectasis,
a sputum specimen induced by nebulisation of hypertonic saline
increased the yield of pathogenic organisms.®?? Invasive investi-
gation using bronchoscopic sampling is not necessary in routine
practice although may sometimes be indicated. The simplest time
to collect a specimen is at a visit to primary or secondary care,
although precautions should be taken to avoid coughing in close
proximity to other patients. As H influenzae and S pneumoniae may
die if a specimen is not processed within 3 h, every effort should be
made to ensure rapid transport of specimens to the microbiology
laboratory. For patients in remote areas, rapid transport may not be
possible. Published and unpublished data suggest that sputum
specimens from patients with bronchiectasis may be posted to
a laboratory and, if processed within 24 h, do not suffer any loss of
yield **° Laboratory culture using standard media (chocolate and
blood agars) as well as supplementary media (CLED, mannitol and
Sabouraud agars) is recommended to ensure isolation of likely
target organisms.

A single sputum specimen may grow more than one pathogen
and multiple different pathogens may be isolated with repeat
testing over time.?” *® 232 This may allow the distinction
between intermittent isolation and chronic colonisation with an
organism. Definitions of chronic colonisation differ between
studies. In children, isolation of the same organism on three
occasions at least 1 month apart over 1 year was used in two
studies.’” 2% In adults, definitions have included at least three
isolates of an organism over a period of at least 3 months?®® 344,
and at least two isolates 3 months apart over 1 year.??

Recommendations (3'° 2 %6 237 292 263 342 344-346)

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

» To maximise the chances of isolating H influenzae and S

pneumoniae, specimens should reach the microbiology labora-
tory within 3 h. [D]

Good practice points

> Sputum specimens may be obtained by deep coughing,
physiotherapy or aerosol inhalation. Pharyngeal swab or
bronchoscopic sampling is an alternative in children.

» For patients without prior positive culture results, three
sputum specimens on different days may increase the yield of
lower respiratory tract isolates.

> Specimens taken at the time of an infective exacerbation
should be obtained prior to the commencement of antibiotic
treatment.

When should specimens be sent for mycobacterial culture?
Routine culture of sputum for mycobacteria is not necessary but
should be considered under specific circumstances when infec-
tion or relapse of M tuberculosis or opportunist mycobacterial
infection is suspected. Indications for mycobacterial culture are
indicated below.

Good practice points

Sputum (three early morning samples on successive days

should be sent for mycobacterial microscopy and culture when

there is: [D]

> unexplained systemic symptoms (eg, fevers, sweats, weight
loss);

346
)
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> a new infiltrate or cavity on the chest x-ray which does not
clear with regular antibiotics;

> unexplained deterioration in clinical status not responding to
usual treatment;

» middle-aged or elderly women with chronic cough and chest
x-ray suggesting possible bronchiectasis (M avium complex);

> adults with bronchiectasis due to PCD.

Lung function tests
Which lung function tests should be performed in children?
Only a few studies have specifically assessed measures of lung
function in a representative population of children with bron-
chiectasis. Routine measurement of lung function in children
with non-CF bronchiectasis may be achieved successfully in
those who have reached school age. In those with an abnor-
mality, the most frequent finding is airflow obstruction with
reduced FEV, reduced forced expiratory flow at 25—75% FVC
(FEF,5_75) and increased residual volume (RV) and/or ratio of RV
to total lung capacity (TLC)' ?*!; FVC tends to be within
normal limits or slightly reduced.” 2° % 23! In one study,
spirometry identified normal values in 30%, an obstructive
defect in 48% and restrictive pattern in 22%.* FEV; and
FEF,5_75 were negatively correlated with extent of disease as
assessed by HRCT in one study,?'® but in others there was no
relationship.” ?*! No studies examining lung function in
preschool children were identified. Childhood resection of one or
two lobes does not preclude achieving lung volumes within the
normal range as an adult.**®

The prevalence of non-specific bronchial hyper-responsiveness
to histamine or methacholine is not clear but it can be seen in
a subgroup of children with non-CF bronchiectasis.**” A single
uncontrolled study identified bronchodilator responsiveness
(>9% increase in FEV after inhaled salbutamol) in 31%.

Recommendation (319 20 69 216 231 347 348)

» In all children who are old enough (usually aged >5 years)
FEV,, FVC and FEF;5_;5 should be measured at initial
assessment. [D]

Which lung function tests should be performed in adults?
Many studies have recorded lung function in adults with bron-
chiectasis, although not all have excluded results from patients
who had lung resection and some series included significant
numbers of smokers. The most common pattern on spirometry
is airflow obstruction which was seen in up to 80% of
patients, 22! 3°0 891 854 3577859 4lthough mixed obstructive/
restrictive, restrictive or normal values may be seen.* FEF,5_7s
is often reduced and the RV/TLC ratio increased, but it is usual
for the FVC and TLC to be normal or low,?? 247 320 351 855859 G55
transfer factor may be normal or reduced with the lowest
measurements seen in more advanced disease,>* 390 359 359 py¢
transfer coefficient is usually normal.?*® 3 Reduced FEV; is
correlated with breathlessness as assessed by the MRC dyspnoea
score and extent of disease on HRCT.*** Colonisation with P
aeruginosa is associated with worse lung function.*** FEV; <30%
predicted is associated with increased mortality in patients with
bronchiectasis who also have rheumatoid arthritis."*® Peak
expiratory flow (PEF) monitoring shows a mean maximum
percentage diurnal change of 8.6%.%°°

Studies of patients with immunodeficiency (hypo-
gammaglobulinaemia) have shown that those receiving
adequate immunoglobulin replacement therapy have better lung
function than those who do not.% 361

Non-specific bronchial hyper-responsiveness to challenge with
methacholine and/or histamine was demonstrated in 33%,%
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69%°* and 72%°° in three studies. Assessment of reversibility
of airflow obstruction after bronchodilators has been reported in
a number of studies with very variable results and different
testing and reporting methods. Uncontrolled studies have
shown that 5%, 12%,%% 39%°* and 47%°" of patients have
a significant response to salbutamol or fenoterol and 12% to
ipratropium.®*? Only one placebo-controlled study was identi-
fied which showed a significant improvement in lung function
after placebo but a greater response to salbutamol. FEV;
increased by a mean of 10.1%, FVC by 8.3% and PEF by 17.1%°%
over the placebo response. None of the studies measured change
in breathlessness in response to bronchodilators.

Recommendations (372 22! 245 252 349-361)

» All adults with bronchiectasis should have measures of FEV,
FVC and PEE [D]

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

» Patients with immune deficiency or PCD should have
measurements of FEVy, 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 COPD/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?
Children with bronchiectasis can complete detailed exercise
testing using an exercise bicycle?®! or treadmill®** and this can
identify functional limitation that would not be predicted by
lung function testing or HRCT scanning.®! No study has
examined the role of exercise testing in treatment or follow-up.
Exercise capacity in adults with bronchiectasis has been
assessed using the 6 min walking test,**® incremental shuttle
walking test?** 3% 3% and cycle ergometry.? *** Maximum
work rate measured by cycle ergometry correlated well with
breathlessness score, FEV; and HRCT score in one study.”” The
shuttle walking test detected an improvement in exercise
performance after inspiratory muscle training®® and pulmonary
rehabilitation.*®°

Recommendations (323" 242 355 362365

> 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]

Good practice point
> Routine assessment of exercise performance is not necessary.

Can lung function tests be used to assess response to antibiotic
treatment?

Many studies have used measures of lung function to assess
efficacy of antibiotic treatment, mostly in relation to oral anti-
biotics, and information regarding intravenous and nebulised
therapy is limited. Studies of short-term oral antibiotic use are
nearly all in adult patients. Changes in lung function are variable
with PEE FEV; and FVC usually improving®’ 367 368 370 byt
sometimes remaining unchanged.”’”® Functional residual
capacity (FRC) and TLC may increase.”™ Patients may have
significant improvement in other parameters such as sputum
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volume and purulence without any improvement in lung func-
tion. A single study in children observed reduced sputum volume
with no change in FEV;.** Two studies of lung function
response to long-term oral antibiotics were identified (both
showing beneficial changes in sputum scores), one showing an
improvement in FEV;, FVC, FRC and TLC®® and the other
showing no change in lung volumes other than a fall in RV2**
Carbon monoxide transfer factor and transfer coefficient do not
change after short-term®® or long-term*** 3°° oral antibiotic
treatment.

One study examining changes in lung function after intrave-
nous antibiotic therapy found an increase in FEV; but no change
in FVC,*! while increases in PEE, FEV; and FVC were seen in
another.®” Lung function testing is an important aspect of
assessing tolerability of nebulised antibiotics (Appendix 1) and
can detect improvement after nebulised antibiotics.*®” Patients
with PCD show stabilisation of lung function when managed
aggressively with repeated spirometry and antibiotics.'””

Recommendations {3779 237 244 353 367—371)

> 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 improvement. [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]

Good practice point
» Patients with PCD should have lung function assessed at least
four times per year.

SECTION 4: MANAGEMENT: PRINCIPLES AND GENERAL
APPROACH
The approaches to management fall into the following cate-
gories which will be discussed below:
» General approach and treatment of the specific underlying
cause
» Education for patients and parents of children with
bronchiectasis
> Airway clearance
— Physiotherapy and exercise
— Mucolytic and hyperosmolar therapies
> Airway drug therapy
— Bronchodilation
— Anti-inflammatory
> Antibiotic therapy (Section 5)
» Surgical management (Section 6)
> Management of complications (Section 6)

General approach and treatment of the specific underlying cause
The child with bronchiectasis

The therapeutic goals for treatment of bronchiectasis in children
are to control symptoms, prevent progressive lung damage and
to facilitate normal growth and development.

Central to paediatric care of bronchiectasis is the identification
of any underlying cause (immunodeficiency, foreign body, aspi-
ration, atypical CE ciliary dyskinesia) and disease-specific therapy
(immunoglobulin replacement therapy, non-oral feeding, surgery
or referral to other specialists®®). The importance of this
approach has been highlighted in a recent study®” in which the

identification of a cause led to specific management change in
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56% of the cases assessed. Immunodeficiency and aspiration
accounted for 52% of the cases and treatment of these underlying
causes is likely to prevent further progression of disease.

The adult with bronchiectasis

The treatment aims in adult care are to control symptoms and
thus enhance quality of life, reduce exacerbations and maintain
pulmonary function. There is clear evidence that patients with
bronchiectasis who have more frequent exacerbations have
worse quality of life.*”* The reduction of exacerbations should
therefore be the aim of chronic management and provide a goal
for future research. Lung function does decline gradually in
patients with bronchiectasis®! 3% 372 %74 but, in the current era,
the decline is not rapid so only very large well-conducted studies
will show significant treatment effects.?*! Furthermore, there is
alack of clarity in the modern antibiotic era as to whether or not
bronchiectasis is associated with decreased survival. A recent
Finnish study suggested that survival is worse than asthma but
not as bad as COPD in adult patients followed after their first
admission to hospital; however, an Australian study suggests
that patients with bronchiectasis have no change in survival
compared with the general population.”® ¥ It is important
that treatments are carefully evaluated and, in particular, that
treatments routinely used in CF are not simply translated into
use in non-CF bronchiectasis. In CF, the benefits of treatments in
terms of lung function and survival may well outweigh the
burden and side effects but, in non-CF bronchiectasis where
progression and survival is less of an issue, the evaluation of new
interventions against other end points associated with exacer-
bations and quality of life are required.

Recommendations for goals of treatment (3232 241 251 351 359

372-376)

» 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 CF should be referred to a CF specialist centre.
[D]

Education

What are the key facts that a patient or parent should know about
their condition?

There are no trials of the use of self-management plans for the
treatment of bronchiectasis. As early treatment of exacerbations
is recommended (see Section 9), it is important to ensure that
patients with bronchiectasis or parents of the young child with
bronchiectasis understand the basic principles of disease
management and recognition of an exacerbation.

Good practice points

» Give a written explanation of bronchiectasis and the role of
infection in exacerbations.

» Record where there is an identified cause and explain what
this is and how it will be treated.

» Explain treatment approaches including airway clearance
techniques, airway therapies and management of infections.

» Explain how to recognise an exacerbation (see Section 5).
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» Give information on how to access medical care in the event of
an exacerbation (it may be appropriate for antibiotics to be kept
in reserve at home and for telephone contact to be sufficient).

> Explain the usefulness of sending a sputum sample for culture
and sensitivity to aid appropriate management with
antibiotics.

> Give information on how to access BTS guidelines.

> An individual plan for follow-up and monitoring detailing
patient/parent role in monitoring symptoms, GP role in
monitoring and hospital specialist role may be useful.

» Children with PCD should be referred to a specialist centre.

» Give advice regarding pneumococcal vaccination and annual
flu vaccination.

Disease monitoring

As the aims of treatment are to maintain lung function and to
improve quality of life by decreasing exacerbations, the aim of
a follow-up visit is to ensure that the treatment plan is achieving
these goals.

Good practice points

The following information should be recorded whether the

patient is seen in primary or secondary care:

> spirometry (at least annually);

> number of exacerbations and which antibiotics were taken in
follow-up period;

> estimated sputum volume per day and sputum character;

> result of sputum culture;

> usual daily symptoms of cough, sputum and general well-
being (tiredness, malaise) and the degree of disturbance of
activities of daily life;

> concordance with treatment prescribed;

> specific concerns from the patient or parent.

Role of primary care

What is the interface between primary and secondary care?

The successful management of patients with asthma and COPD
in primary care by well-trained nurses and general practitioners
provides the model for development of better care for patients
with bronchiectasis. The provision of guidelines provides the
first step in the development of a shared care approach between
primary and secondary care.

There are specific groups of patients who will require close
monitoring in secondary care and who may also require easy
access to inpatient facilities for treatment of an acute exacer-
bation with intravenous antibiotics. In particular, there is
evidence that patients colonised with P aeruginosa have a worse
prognosis overall with poorer quality of life and are more likely
to require hospital admission in the event of an exacerbation *® 3%
Patients with rheumatoid arthritis and coexisting bronchiectasis
are also worthy of close monitoring in secondary care because of

poorer OutC0m65.158 159

Recommendations (2+,7%° 2,759 3233 344)

Patients who should have regular follow-up in secondary care

include: [D unless stated]

» all children with bronchiectasis;

> patients with chronic Paeruginosa, 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);
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> patients with bronchiectasis and associated rheumatoid
arthritis, [C] immune deficiency inflammatory bowel
disease and PCD;

> 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?
The Cochrane review of nurse specialist care in bronchiectasis
was only able to review one study of nurse-led care.*”” This
study showed the effectiveness of a nurse managing a specific
group of patients with bronchiectasis within a tertiary centre.*”°
Nurses in primary care have played an important role in the
management of asthma and COPD and the possibility of
management of patients with bronchiectasis in the community
should be explored once appropriate training in bronchiectasis
has been established.

Recommendation (1+°%77)

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

Multidisciplinary teamworking

Is there a role for a multidisciplinary team in managing
bronchiectasis in secondary care?

Investigation and management of a patient with bronchiectasis
requires input from several expert professionals. The respiratory
physician or paediatrician should coordinate a team approach
with an experienced respiratory physiotherapist and the respi-
ratory nurse. The consultants in immunology, radiology and
microbiology should provide expert medical input into the
service provision even if not directly seeing the patient.

The management of patients with complex disease and
concomitant immunodeficiencies is likely to be best managed in
specialist clinics where the child or adult can be managed by
both the immunologist and paediatrician or respiratory physi-
cian in a single clinic with a multidisciplinary team including
nurses with both respiratory and immunology expertise.

Good practice point

» Patients with bronchiectasis should as a minimum be referred
to a chest physician, physiotherapist and respiratory nurse
with expertise in the condition.

Physiotherapy: airway clearance techniques and exercise

The aims of respiratory physiotherapy include mobilising and
aiding  expectoration of  bronchopulmonary  secretions,
improving efficiency of ventilation, maintaining or improving
exercise tolerance, improving knowledge and understanding, and
reducing breathlessness and (thoracic) pain.491 In addition, the
respiratory physiotherapist can assist patients who require
management of continence issues and musculoskeletal
dysfunction.®*® In this way, the physiotherapist aims to
optimise a patient’s physical functioning. This guideline will
review only the available evidence in two aspects of respiratory
physiotherapy: airway clearance techniques and exercise.

Which patients should be taught airway clearance techniques?

There is no published evidence to indicate which patients should
be taught airway clearance techniques. However, it is widely
believed that a routine airway clearance regimen is an important
component of the management of individuals who have
a chronic productive cough and/or evidence of mucus plugging
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on HRCT scanning in order to enhance mucociliary clearance
and reduce cough frequency. Due to the lack of evidence, it is
impossible to say whether individuals with a non-productive
cough may still benefit from seeing a physiotherapist. Although
this group of patients will not need to carry out a routine
airway clearance regimen, expert opinion advocates teaching
an airway clearance technique to be used during infective
exacerbations.

Good practice points

> All patients with bronchiectasis who have a chronic produc-
tive cough and/or evidence of mucus plugging on HRCT
scanning should be taught airway clearance by a physiother-
apist experienced in these techniques.

» Individuals with a non-productive cough should be taught an
appropriate airway clearance technique to use during
exacerbations of pulmonary infection or to minimise an
irritating non-productive cough.

Which airway clearance technique(s) should be taught?

There are a number of airway clearance techniques that can be
used in the management of patients with bronchiectasis.
However, it is beyond the scope of this guideline to describe each
airway clearance technique and the reader is referred to detailed
descriptions of the techniques for further information®% A
survey of the current physiotherapy management of bronchi-
ectasis in the UK found that 91% of senior physiotherapists
taught the active cycle of breathing techniques routinely.>%*
Other techniques such as positive expiratory pressure (PEP),
oscillating positive expiratory pressure, autogenic drainage and
intermittent positive pressure breathing were used much less
frequently.*®® Most respondents also included ambulation,
exercise and education on the use of inhaled therapy in the
management of this patient group.®®* Treatment choice
appeared to be influenced as much by clinical experience as by
research, reflecting the limited evidence base available to
physiotherapists in this area. Certainly, 87% of respondents
highlighted a need for further research regarding the physio-
therapy management of patients with bronchiectasis.®®*

There is a considerable amount of evidence on the use of airway
clearance techniques in bronchiectasis associated with CE Extra-
polation of findings is inevitable, but should be done with caution.
These guidelines will focus on the evidence base for each airway
clearance technique in the management of non-CF bronchiectasis.
A small study (n=8) demonstrated an increase in sputum yield for
chest physiotherapy compared with no physiotherapy in non-CF
bronchiectasis.*® However, this was a short-term study and
measured only sputum yield during and 30 min after the treatment
period. There have been no long-term studies comparing any form
of chest physiotherapy with no physiotherapy.

There are a wide variety of airway clearance techniques.

Active cycle of breathing techniques

The active cycle of breathing techniques is the most commonly
used airway clearance technique in the UK** It can be (and
commonly is) used in conjunction with manual techniques (eg,
chest clapping and shaking) and postural drainage. When
measuring sputum weight expectorated, the active cycle of
breathing techniques (plus postural drainage and manual tech-
niques) has been shown to be more effective than the test of
incremental respiratory endurance.’’® In addition, the active
cycle of breathing techniques (plus postural drainage) is as
effective as oscillating PEP (E)lus postural drainage and the forced
expiration technique).”’” 3¢
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Manual techniques

Manual techniques are used by physiotherapists to enhance the
patient’s own efforts at airway clearance. They are most typi-
cally used in the UK in conjunction with the active cycle of
breathing techniques. In the population with non-CF bronchi-
ectasis, there is no evidence to show whether manual techniques
provide additional benefit in the clearance of secretions over and
above that of the active cycle of breathing techniques alone.
Patients should, where possible, be encouraged to be indepen-
dent with their chosen airway clearance technique. It has been
shown that chest percussion, when used with postural drainage,
does not adversely affect oxygen saturation or heart rate in non-
CF bronchiectasis.?*®

Postural drainage (gravity-assisted positioning)
The CT scan should help identify affected bronchopulmonary
segments and aid selection of the appropriate postural drainage
position(s). Postural drainage positions for the mid and basal
zones of the lung require a head-down tilt and contraindications
and precautions to this posture can be found in physiotherapy
textbooks.*® The head-down tilt may be problematic for the
breathless patient, in particular the extreme tilts required for the
basal areas, including the Trendelenburg position. In patients
with CE the use of non-invasive ventilatory support such as
non-invasive ventilation (NIV) or intermittent positive pressure
breathing has been shown to allow the patient with advanced
disease to better tolerate postural drainage positions that would
otherwise make them too breathless.”™ It is reasonable to
extrapolate these findings to patients with non-CF bronchiec-
tasis where it is desired to offset the increased load of breathing
during airway clearance with or without postural drainage.
The lower viscosity of sputum in patients with non-CF
bronchiectasis may lend itself more readily to gravity-assisted
positioning than the sputum of patients with CF, but evidence is
limited to a single three-way randomised controlled trial
(n=36).7%" A single treatment of the active cycle of breathing
techniques in a postural drainage position was compared with
one performed in sitting and with the Flutter in sitting. The
treatment with postural drainage yielded a sputum wet weight
twice that of either the active cycle of breathing techniques in
sitting or the Flutter in sitting. It could therefore be reasonably
concluded that postural drainage is the key component to
effective sputum clearance. Subjects rated their preference for
techniques as 44% for the Flutter, 22% for the active cycle of
breathing techniques in sitting and 33% for the active cycle of
breathing techniques in a postural drainage position. However,
the treatment with postural drainage was associated with
significantly more discomfort than the treatments in sitting and
was felt to interfere more with daily life than the Flutter.
Moreover, although there was no significant difference in
treatment duration among the three interventions, active cycle
of breathing techniques plus postural drainage was perceived by
subjects as being significantly more time-consuming. It should
be noted that a single intervention may not reflect the longer
term outcome and there is no evidence to confirm or refute the
addition of postural drainage in the long-term management of
airway clearance for this group of patients.

Modlified postural drainage

A comparison of sputum yield with the active cycle of breathing
techniques in both a horizontal position and a head-down tilt
was made in 19 subjects with bronchiectasis, 13 of whom had
CE® All subjects produced more than 20 g of sputum per day.
Although there was no significant difference between the two
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treatments in terms of wet weight of sputum expectorated, 18
of the 19 subjects preferred the horizontal position. These
results must be interpreted with caution since this study had
a mixed population with only five subjects having non-CF
bronchiectasis. However, although modified postural drainage
positions (no head-down tilt) may well be as effective as tipped
positions and are often better tolerated, more research is
required to verify this and the efficacy should be assessed for
each individual.

Positive expiratory pressure (PEP)

PEP can be used as a treatment in its own right or as an adjunct
to the active cycle of breathing techniques or autogenic drainage.
There is currently no published evidence on the use of PEP in
patients with non-CF bronchiectasis.

Oscillating PEP

Flutter

In a 4-week crossover trial, the Flutter (combined with the
forced expiration technique and postural drainage) has been
shown to be as effective as the active cycle of breathing tech-
niques and postural drainage for median weekly sputum weight
when used twice daily. Neither of the techniques had an adverse
effect on PEF or breathlessness. Eleven of the 17 subjects
expressed a preference for the Flutter®”

In a pilot study in Hong Kong, 15 patients with an acute
exacerbation of bronchiectasis were randomly allocated to three
groups: the Flutter plus deep breathing and coughing, deep
breathing and coughing plus postural drainage and deep
breathing and coughing alone. There were no differences among
the three groups in sputum production or lung function
parameters. Patients reported that all techniques were equally
easy to use, but the Flutter was perceived as being the most
effective.®!

RC Cornet

A single abstract reports that oscillating PEP devices (RC-Cornet
and Flutter) produce a significant reduction of bronchiectasis
sputum cohesiveness in vitro at 30 min.*®’

Acapella

In a single intervention trial using stable subjects, the Acapella
plus postural drainage and the forced expiration technique were
shown to be as effective as the active cycle of breathing tech-
niques and postural drainage (with or without percussion and/or
vibrations) with respect to wet sputum weight, spirometry,
oxygen saturation, breathlessness and treatment duration.
Although not statistically significant, a greater proportion of
subjects (14/20) reported that they preferred the Acapella. The
authors felt this preference may have been due to the short-term
novelty factor or to the fact that the subjects were able to carry
out the treatment independently.®®?

Autogenic drainage

A pilot study (n=13) compared the effects of a single session of
autogenic drainage versus a control (no chest physiotherapy).*®
The outcome measures used were sputum weight and a measure
of airway resistance called the interrupter technique (Rint).
Significantly more sputum was produced during the autogenic
drainage session compared with control. However, no changes in
Rint were found following autogenic drainage compared with
control. The absence of a significant change in Rint following
autogenic drainage may be because Rint is not sensitive enough
to detect changes in the airways of adults with bronchiectasis.
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Further research is required to assess the effectiveness of auto-
genic drainage in this population, and also to establish whether
the interrupter technique is a valid outcome measure for use in
adults with bronchiectasis.

Test of incremental respiratory endurance/resistive inspiratory
manoeuvres

The test of incremental respiratory endurance is primarily used for
inspiratory muscle training. However, it has been proposed as
a method of airway clearance in bronchiectasis.*’® A randomised
crossover study was carried out comparing a single session of the
active cycle of breathing techniques (incorporating postural
drainage and vibrations) with a single session of resistive inspi-
ratory manoeuvres in 20 patients with stable bronchiectasis.
Sputum weight expectorated during and 30 min following the
active cycle of breathing techniques was significantly greater than
with the test of incremental respiratory endurance.

High-frequency chest wall oscillation

High-frequency chest wall oscillation is the application of
positive pressure air pulses to the chest wall usually by means of
an inflatable vest. There are few published studies available to
evaluate the use of high-frequency chest wall oscillation in this
population.

Recommendations regarding physiotherapy techniques

(1+4,378980 1 _ 381 362 3238 381 383389

» Patients 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 indepen-
dent 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]

» 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 PEP may be offered to patients as an
alternative airway clearance technique in non-CF bronchiec-
tasis 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 NIV 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]

Research recommendation
» Further research is needed to investigate the efficacy of all the
airway clearance techniques in non-CF bronchiectasis,
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particularly PEP, RC-Cornet, autogenic drainage and high-
frequency chest wall oscillation.

Are adjuncts to airway clearance techniques useful?
There are a number of adjuncts that may be used in order to
enhance the effectiveness of a chosen airway clearance technique.

Humidification

Humidification can be used as an adjunct to chest physio-
therapy. It is thought that humidification enhances ciliary
function and also increases the efficiency of the cough mecha-
nism. A small study (n=7) showed that 30 min of cold water, jet
nebulising humidification via a facemask before chest physio-
therapy (postural drainage and the forced expiration technique)
significantly increased sputum yield and radioaerosol clearance
compared with chest physiotherapy alone.*

Nebulised saline

In a four-way randomised controlled trial,*”° the effectiveness of
the active cycle of breathing techniques (plus modified postural
drainage) was significantly increased by the addition of nebul-
ised normal saline prior to treatment. Sputum yield, viscosity
and ease of sputum expectoration were all improved. However,
normal saline was not as effective as hypertonic saline. It should
be noted that all subjects were stable and had a low daily
sputum yield. In addition, all subjects had nebulised terbutaline
before the dose of nebulised normal saline. A small single study
(n=8) found that the use of nebulised normal saline immedi-
ately before chest physiotherapy (postural drainage and the
forced expiration technique) yielded significantly more sputum
than physiotherapy alone.®®

Nebulised hypertonic saline
In concentrations of 3—14%, hypertonic saline has been shown
to improve tracheobronchial clearance in patients with chronic
bronchitis, CE asthma and normal individuals.®*® It is thought
that it may work by inducing liquid flux from the epithelium
into the mucus, thereby altering its rheology so that it is cleared
more easily by the cilia.?”®

A trial of 24 clinically stable subjects randomised patients to
four single treatments of the active cycle of breathing techniques
(in a modified postural drainage position) as follows: (1) alone, or
preceded by (2) nebulised terbutaline, (3) nebulised terbutaline
and nebulised normal saline (0.9%), or (4) nebulised terbutaline
and nebulised hypertonic saline (7%). All subjects produced <10 g
sputum per day (low sputum yield). Hypertonic saline resulted in
significantly greater sputum weight and a greater reduction in
sputum viscosity than each of the other treatments.** Ease of
expectoration improved significantly with hypertonic saline,
probably as a result of reduced sputum viscosity. In view of the
potential for bronchoconstriction, a challenge test with hyper-
tonic saline was performed on each subject and those who
reported chest tightness, wheeze, difficulty in breathing or had
a 10% reduction in spirometry were withdrawn from the study.
None of the subjects showed evidence of bronchoconstriction, but
it should be noted that subjects with ABPA and CF phenotypes
were excluded from the study. All subjects received a nebulised
bronchodilator before the nebulised hypertonic saline dose.
Pretreatment with a bronchodilator may be necessary for those
with bronchial hyper-reactivity.*”*

Nebulised terbutaline

The use of nebulised terbutaline (5 mg) immediately before
physiotherapy (forced expiration technique plus postural
drainage or the active cycle of breathing techniques plus modi-
fied postural drainage) yielded significantly more sputum™ 3%
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and increased radioaerosol clearance from the whole lung and
from regions of interest®® than physiotherapy alone. Nebulised
terbutaline may enhance sputum yield as a result of direct
hydration and/or B, adrenergic stimulation.’*® In addition, the
ensuing bronchodilation may enhance airway clearance by
increasing expiratory flow rates and/or improving regional
ventilation. ™

NIV and intermittent positive pressure breathing

NIV and its original form, intermittent positive pressure
breathing, provide positive pressure throughout inspiration,
thereby augmenting tidal volume.*** In addition, if the machine
is set up to ensure patient synchrony, intermittent positive
pressure breathing has been shown to decrease the work of
breathing **° It is postulated that this assistance to inspiration
enhances the effect of the deep breathing part of an airway
clearance technique. In addition, it allows the fatigued patient to
better tolerate and carry out their airway clearance regime,
which they might otherwise find too tiring.

In subjects with CE NIV has been shown to allow the patient
with advanced disease to tolerate longer periods of physio-
therapy and also permits patients to adopt postural drainage
positions that would otherwise make them too breathless.”®
There are few papers available evaluating the use of NIV/inter-
mittent positive pressure breathing in patients with non-CF
bronchiectasis.

Recommendations for adjunctive treatments (1—,3%° 397 3385 389

392-395)

» 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]

» NIV/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 often should patients carry out airway clearance techniques?
How long should an airway clearance session last?

Evidence for the frequency and duration of airway clearance
techniques is not clear in non-CF bronchiectasis. However, it
seems reasonable to relate frequency and duration of treatment
to sputum volume, lifestyle and diurnal variation of the
patient’s sputum production. It is important that the airway
clearance regimen is effective without unduly compromising the
patient’s lifestyle.

Duration

Most clinicians would advocate the use of an airway clearance
technique for a period specific to the individual. Common
recommendation is not more than 20—30 min. The aim is to
clear most of the excess bronchial secretions during a treatment
session. This is not always practical in those who are extremely
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productive. It is important that a balance is found between
making sure the treatment is long enough to maximise airway
clearance, but not so long that the patient becomes fatigued.

Frequency

The frequency of airway clearance should be specific to the
needs of the individual patient and increased during an infective
exacerbation. There is no evidence to support a particular
frequency with recommendations of once or twice daily treat-
ment commonly given.

Good practice points

» The duration and frequency of the airway clearance
technique should be specific to the needs of the individual.
This may alter with periods of infective exacerbation.

> Airway clearance therapy should be for 20—30 min once or
twice daily.

How soon should the patient be reviewed after the initial
assessment?

Initial assessment of an individual with non-CF bronchiectasis
may take up to 1h, with instruction in an appropriate airway
clearance technique included. A review of the individual’s ability
to effectively carry out the designated technique should be
undertaken within 3 months of this initial appointment.®*S At
this review the optimal frequency and duration of any airway
clearance regimen to optimise patient benefit and satisfaction
can be discussed. Follow-up is at the discretion of the clinician
based on efficacy of the demonstrated technique, understanding
and disease severity. A patient should also be made aware of
other airway clearance options. Some patients like to choose
among different treatments. This gives the patient an element of
control which may increase adherence to treatment.

Recommendation (4°%)

> 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?

Reduced exercise tolerance may be a problem for individuals
with non-CF bronchiectasis; those with reduced exercise
capacity and expiratory flow limitation have higher MRC
dyspnoea scores.® There is very little research on the effects of
physical exercise in patients with non-CF bronchiectasis. A
Cochrane review undertaken in 2003 concluded from the data
available (two abstracts) that inspiratory muscle training
improved endurance exercise and health-related quality of life.>””
A further study investigated the effects of an 8-week high-
intensity pulmonary rehabilitation (PR) programme and
inspiratory muscle training (IMT) on patients with stable
bronchiectasis.?”® Thirty-two patients were randomly allocated
to one of three groups: PR + sham IMT (PR-SHAM), PR + IMT
(PR-IMT) or control. PR-SHAM and PR-IMT resulted in signif-
icant increases in the incremental shuttle walking test and in
endurance exercise capacity compared with control. There were
no statistically significant differences in the improvements in
exercise between the two PR groups. Significant improvements
in inspiratory muscle strength were observed in both the PR-
SHAM and PR-IMT groups. There was no significant difference
in the magnitude of the increase in inspiratory muscle strength
between the two PR groups. Three months after the training
programme the improvement in exercise capacity was main-
tained in the PR-IMT group but not in the PR-SHAM group.
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This indicates that PR is effective in improving exercise toler-
ance in subjects with bronchiectasis, but there is no additional
short-term advantage of simultaneous IMT. However, IMT may
be important in the maintenance of the training effects.

Recommendations (1—,%9 398 335%)

» 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?
Bronchiectasis is characterised by hypersecretion and retention
of mucus due to impaired mucociliary clearance.**? “°° Children
with bronchiectasis frequently have difficulty in expectorating
sputum, especially during an infective exacerbation. There are
no studies evaluating the use of mucolytics in children. Various
agents have been tried in adults to reduce the mucus production
and/or to increase mucus clearance with variable results.**!
400 405 407 409—412

Most of the agents that have been used attack the physical
properties of the mucus. Hyperosmolar inhalation has been
shown to improve airway clearance in all the major chronic
diseases characterised by sputum retention. Hypertonic saline
inhalation and inhaled dry powder mannitol are known to
accelerate tracheobronchial clearance, probably by inducing
a liquid flux into the airway surface. Hypertonic saline may
provide a useful adjunct to physiotherapy.**® Although short-
term studies of mannitol indicate an improvement in mucociliary
clearance,’® “% there are as yet no definitive clinical studies to
confirm its use in children or adults with bronchiectasis.

Recombinant human DNase (thDNase, dornase o, Pulmo-
zyme) breaks down the DNA released at the site of infection by
the neutrophils. DNA causes the sputum to become thick and
tenacious; rhDNase makes the sputum less viscid and therefore
easier to expectorate. This has been shown in a number of
studies to be beneficial in CE The potential for rhDNase to
favourably influence symptoms in bronchiectasis has not been
tested in children,**! but it has been well studied in adults and
there is no evidence of benefit.24! 3 Indeed, there is evidence of
worsening lung function with rhDNase use in bronchiectasis.

There is a possibility of some action of carbocysteine in
bronchiectasis with significant reduction in air trapping in
a small trial**®; however, there are insufficient data to support its
clinical use. Bromhexine has been studied in acute exacerba-
tions*”” as an adjunct to antibiotic therapy and showed addi-
tional benefit in lung function and sputum. The Cochrane
database suggests that bromhexine is the only mucolytic so far
shown to be beneficial in the treatment of bronchiectasis exac-
erbations,*®! **” but it is not widely available and not in the BNE

Recommendations (1+ +,2%" 1,399 3390 400—412)

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

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

Research recommendations
» Use of carbocysteine in bronchiectasis should be the subject

of a randomised control trial to establish its clinical efficacy.
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> Mannitol should be investigated further in a randomised
controlled trial.

Are bronchodilators of use in bronchiectasis?

B, Agonists

Bronchodilator therapy is frequently prescribed in both children
and adults as airflow obstruction and bronchial hyper-respon-
siveness are commonly seen. In asthma, inhaled bronchodilators
improve symptoms and, in the short-term, effectively reverse
airflow obstruction. No randomised controlled trials have
investigated the role of short- and long-acting bronchodilators in
bronchiectasis.*'® *'* Pulmonary function tests including an
assessment of reversibility of airway obstruction by B adrenergic
stimulants may provide objective evidence for the use of bron-
chodilators ¢ 3%

Long-acting bronchodilators have an established role in the
management of airflow obstruction in asthma where they allow
a reduction in the dose of inhaled steroid and reduce the
frequency of exacerbations. They may have a role in the
management of patients with coexistent asthma and bronchi-
ectasis, but there is at present no good evidence to support this
strategy beyond the evidence that exists independently for
asthma !¢

Anticholinergic agents

Anticholinergic agents block bronchoconstriction mediated by
the vagus nerve and may also dry up bronchial secretions. There
is no evidence to indicate that the use of anticholinergic drugs
such as ipratropium bromide is beneficial in the treatment of
bronchiectasis in children.**® 4> However, some adults may gain
a useful response.® 13

Xanthines

Methylxanthines including theophylline and aminophylline
have been used in the treatment of airflow obstruction associ-
ated mainly with acute asthma. It has also been proposed that
additional actions of the xanthine group of drugs may include
improving strength and effectiveness of respiratory muscles and
T lymphocyte-mediated anti-inflammatory activity. However,
there is no supporting evidence for their efficacy in the treat-
ment of bronchiectasis in children or adults and their routine use
is not recommended.*"”

Recommendations (3°%6 3% 413-417)

> It seems appropriate to assess patients with airflow
obstruction for reversibility to B, agonist and anticholinergic
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?
The safety and efficacy of inhaled steroids in the treatment of
airway inflammation in asthma is well established. Inhaled
steroids have a wide range of anti-inflammatory properties,
especially in the context of chronic inflammation which plays
a significant role in the pathophysiology of bronchiectasis.**>
A randomised controlled crossover study of beclometasone
versus placebo in adults with bronchiectasis*'? showed an 18%
reduction in sputum production but small changes in FEV; and
PEF which, although statistically significant, were of doubtful
clinical significance. A small 4-week study of inhaled flutica-
sone*?! revealed a reduction in sputum inflammatory cells
without significant changes in lung function. A larger study of
86 patients randomised to fluticasone or placebo for
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12 months*'® found no change in exacerbation frequency or lung
function overall but suggested that sputum volume may be
improved and that patients with Pseudomonas may gain more
benefit. A further study suggested improvements in quality of
life associated with inhaled corticosteroid treatment.*?’

There are no studies in children.

Recommendations (1+,%78 1—#197421)

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

Research recommendation
> A large randomised controlled trial is required to assess the
role of inhaled corticosteroids in bronchiectasis.

Are oral steroids indicated in the treatment of bronchiectasis?

In bronchiectasis there is no evidence for or against the use of
oral steroids. A wider group of patients with obvious asthma
(which may coexist with bronchiectasis) will primarily be
managed with inhaled corticosteroids; a small percentage with
‘difficult’ asthma may require a maintenance dose of oral
steroids.*”

Good practice point
» There is no evidence of a role for oral corticosteroids in
bronchiectasis.

Leukotriene receptor antagonists and other anti-inflammatory agents
Leukotriene receptor antagonists (LRAs) have been identified as
useful drugs in bronchial asthma. Leukotrienes in particular are
potent bronchoconstrictor agents and act as a chemoattractant
for eosinophils and also have a role in neutrophil-mediated
inflammation. LRAs inhibit specific receptors for leukotrienes in
the bronchiolar tissues so they may reduce bronchoconstriction,
oedema, mucus secretion and eosinophil or neutrophil-mediated
airway damage. Despite the theory that LRAs may be of benefit,
there are no randomised controlled trials of their use in bron-
chiectasis in either children or adults.***

Other anti-inflammatory agents that have been studied in
very small studies include nedocromil*”? and indomethacin,**®
neither of which showed any improvement in symptoms or
lung function.

Recommendation
» There is no evidence for a role for LRAs or other anti-
inflammatory drugs in bronchiectasis. [D]

422 423 494
(3 )

SECTION 5: MANAGEMENT: ANTIBIOTIC THERAPY

Defining and managing exacerbations

Definition of an exacerbation requiring antibiotic therapy

Adults and children

There are no randomised placebo-controlled studies evaluating
the efficacy of antibiotics in exacerbations in adults or children
although numerous studies (table AV, Appendix 2) indicate that
antibiotics can improve symptoms and hasten recovery. Anti-
biotics are recommended for exacerbations that present with an
acute deterioration (usually over several days) with worsening
local symptoms (cough, increased sputum volume or change of
viscosity, increased sputum purulence with or without
increasing wheeze, breathlessness, haemoptysis) and/or
systemic upset (figure 2). The goals for successful treatment are
shown in figure 3.
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Daily symptoms of cough and sputum production are
frequent and patients with more severe bronchiectasis often
expectorate mucopurulent or purulent sputum and culture
respiratory pathogens when apparently clinically stable. This is
more common in adults. The presence of mucopurulent or
purulent sputum alone or the isolation of a pathogen alone is
not necessarily an indication for antibiotic treatment.

Good practice points

> The presence of mucopurulent or purulent sputum alone or
the isolation of a pathogen alone is not necessarily indications
for antibiotic treatment, particularly in adults.

> Antibiotics should be given for exacerbations that present
with an acute deterioration with worsening symptoms
(cough, increased sputum volume or change of viscosity,
increased sputum purulence with or without increasing
wheeze, breathlessness, haemoptysis) and/or systemic upset.

Managing patients with exacerbations

Adults and children

Managing patients with exacerbations requires an assessment of
severity of the exacerbation and decision about whether to treat
the patient in the community or in hospital. This will depend on
both patient factors and also on the experience and resources of
the team managing the patient. For instance, support for
domiciliary intravenous antibiotic therapy is not universal.
Suggested criteria for inpatient treatment are shown in box 4.
Suggested criteria for assessing patients treated in outpatient or
inpatient settings are shown in box 5.

Good practice points

> Platients with an infective exacerbation of bronchiectasis
should be assessed for the need for inpatient or outpatient
treatment.

> Platients treated for exacerbations should have appropriate
assessments according to treatment setting.

Use of antibiotics
Which antibiotic regimen is recommended for exacerbations?
Adults
There are no randomised placebo-controlled trials in bronchiec-
tasis. The studies of antibiotics in exacerbations of bronchiec-
tasis are summarised in table AV in Appendix 2,236 237 246 368 369
424=431 The studies are heterogeneous and predominantly are in
exacerbations treated in hospital. They indicate that a successful
clinical outcome (figure 3) is achievable if there is high dosage
targeted antibiotic therapy. High doses are often required to
achieve the sgputum becoming mucoid and bacterial clearance,*®
869 424 426428 430 3]t hough these goals are not always achievable.
The duration of antibiotic therapy required needs further study.
In one study the inflammatory response returned to normal
within 7 days of antimicrobial therapy** but symptomatic
improvement has generally been seen in studies employing
10—14 days of treatment. Expert consensus is that 14 days
should be recommended for all exacerbations. Further studies are
needed to assess whether shorter regimens would suffice in
exacerbations, particularly in patients with mild bronchiectasis.
The antibiotic choice is usually empirical and based on the
likely microbial agent and perhaps informed by knowledge of
previous sputum cultures in an individual. The antibiotic chosen
should be based on local microbial patterns, sensitivities and cost.
In those with mixed colonisation, an antibiotic should be chosen
that will cover the organisms. Initial treatment will usually be
with oral antibiotics with intravenous therapy reserved for those
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Increased cough
+wheeze +
breathlessness +
systemic upset

Exacerbations
requiring
antibiotic therapy
(if positive in all 3
arms)

Increased
sputum volume
or change in
viscosity

Increased
sputum
purulence

Figure 2 Definition of an exacerbation needing antibiotic therapy.

who fail to respond or who are particularly unwell. While exac-
erbations may be triggered by viral infections, there are no studies
of the role of antiviral agents in exacerbations.

The common organisms associated with exacerbations of
bronchiectasis and recommended antimicrobial agents are shown
in table Al (Appendix 2). In the majority of patients the organism
will be H influenzae and treatment with a f-lactam is appropriate
(amoxicillin 500 mg three times daily for 14 days). Clinical
improvement may be achieved with higher doses (eg, amoxicillin
1 g three times daily or 3 g twice daily) in patients who fail to
respond to standard doses,*® % and alternatives may need to be
considered in the event of a B-lactamase-producing organism or
penicillin sensitivity (table Al). Pseudomonas aeruginosa should be

P = purulent;, MP = mucopurulent; M = mucoid

‘/ \‘

Figure 3 Definition of successful treatment of an exacerbation.
P, purulent; MP, mucopurulent; M, mucoid.
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Box 4 Criteria for inpatient treatment of an exacerbation

Adults

Inpatient treatment recommendations if:

» Unable to cope at home.

Development of cyanosis or confusion.

Breathlessness with respiratory rate =25/min.

Circulatory failure.

Respiratory failure.

Temperature =38°C.

Unable to take oral therapy.

Intravenous therapy required in patients with clinical failure
after oral antibiotics (in hospitals with no facilities for
domiciliary intravenous therapy).

Children

Inpatient treatment recommendations if:

» Breathlessness with a raised respiratory rate and increased
work of breathing.

Circulatory failure.

Respiratory failure.

Development of cyanosis.

Temperature =38°C.

Unable to take oral therapy.

Intravenous therapy required in patients with clinical failure
after oral antibiotics (in hospitals with no facilities for
domiciliary intravenous therapy).

VVYVYVYYVYY

VYyVYVYYY

treated with an oral quinolone (ciprofloxacin 500—750 mg twice
daily), although there is a significant chance of antibiotic resistance
with poor clinical response after repeated courses. In addition, this
class of antibiotic is associated with Clostridium difficile colitis,
particularly in elderly patients.**® *** Patients with this organism
often require intravenous therapy to achieve a clinical improvement.

The recommended route of antibiotic needs further study to
address the optimal regimen. Previous studies showed that the
combination of intravenous and inhaled antibiotics may have
greater efficacy than intravenous therapy alone®® 427 40 In
patients chronically colonised with P aeruginosa, however, the
addition of nebulised tobramycin (300 mg twice daily) to high-
dose oral ciprofloxacin (750 mg twice daily) for 14 days led to
a greater reduction in microbial load at day 14 but there was no
clinical benefit.*** Further studies are needed.

Recommendations (1_’236 237 246 369 424—427 3368 4287434)

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

» Empirical antibiotics should be started whilst 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 that 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 H influenzae. [B]

» Ciprofloxacin should be used in patients colonised with P
aeruginosa with cautious use in elderly subjects. [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]
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Box 5 Assessment of patients with exacerbations of

bronchiectasis

Adults

Outpatients

> History.

» Clinical examination.

» Sputum for culture (preferably prior to commencement of
antibiotics).

> Review of previous sputum microbiology.

Inpatients

> History.

Clinical examination.

Oxygen saturation on air.

Arterial blood gases if indicated.

ECG if indicated.

Chest x-ray.

Sputum for culture (preferably prior to commencement of

antibiotics).

Blood culture if pyrexial =38°C.

Full blood count, urea and electrolytes and liver function tests.

» Erythrocyte sedimentation rate or C-reactive protein (may be
useful for diagnosing and monitoring exacerbations).

» Review of previous sputum microbiology.

» |f feasible, 24 h sputum weight or volume.

Children

Outpatients

» Sputum for culture if spontaneous sputum (preferably prior to
commencement of antibiotics)

» If spontaneous sputum is not available, throat/cough swabs,
especially if regularly repeated, may provide inferred evidence
of lower respiratory tract organisms.®'® %*° Caution should be
taken in interpreting these cultures because many of the
pathogens may also be normal upper airway commensals.

» Induced sputum using hypertonic saline (3—5%) may be used
to obtain lower respiratory tract samples for analysis.

Inpatients

» In general history, clinical examination and oxygen saturation
on air would be used to guide care at the onset of an inpatient
stay.

» Antibiotic choices would be made on the evidence of previous
microbiology or to cover expected organisms in a child of that
age.

» Arterial blood gases are rarely justified, although capillary
blood gas estimation of carbon dioxide may be used in
a severe exacerbation.

» Chest x-ray is warranted if children fail to respond to therapy
or have unusual chest signs.

» Children with systemic upset would warrant blood sampling
(full blood count, urea and electrolytes, liver function tests,
erythrocyte sedimentation rate or C-reactive protein).

» In children failing to respond to initial therapy who are not
sputum producers, induced sputum or bronchoalveolar lavage
is warranted to identify infecting organisms.

VVVYVYY

vy

> 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]

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

> 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 P aeruginosa). [C]

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

Children

There is no evidence available to help identify the most efficient
antibiotic for use in paediatric bronchiectasis, nor evidence to
help guide the optimal length of treatment required.

Good practice points

» Previous sputum bacteriology results can be useful in deciding
which antibiotic to use. Table Al highlights the first-line and
alternative treatments for the common bacterial pathogens
implicated in exacerbations of bronchiectasis (see BNF for
Children for dosage; use doses for severe infection*™).

» Where possible, sputum (spontaneous or induced) or a cough
swab should be obtained for culture prior to commencing
antibiotics.

> Empirical antibiotics can then be started while awaiting
sputum microbiology.

> In general, antibiotic courses for 14 days are standard. If there
is no previous bacteriology, the first-line treatment is
amoxicillin for 14 days or clarithromycin for 14 days in
patients who are allergic to penicillin (see BNF for Children for
dosage; use doses for severe infection®*).

» Children not responding to empirical antibiotic courses
should have an organism identified by cough swab or later
by induced sputum/bronchoalveolar lavage.

> 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 P aeruginosa).

When are combination (dual) antibiotic regimes required?

Adults and children

There is no evidence to recommend combination antibiotics in
patients colonised with H influenzae, M catarrhalis, S aureus
(methicillin-sensitive) and S pneumoniae. If there is more than
one pathogen, an antibiotic should be selected that will cover
both pathogens. If this is not feasible due to resistance patterns,
combination antibiotics may be required.

In patients colonised with P aeruginosa there is controversy as
to whether combination antibiotics are necessary. Studies in CF
to date have shown similar efficacy with monotherapy as with
combined antibiotics. Intravenous ceftazidime monotherapy
was equally efficacious to intravenous ticarcillin/tobramycin in
terms of clinical outcomes and reducing P aeruginosa colony
counts.* In another comparison, intravenous ceftazidime alone
gave better lung function results than intravenous tobramycin
and carbenicillin together.**® In another study intravenous
azlocillin alone was compared with an intravenous tobramycin/
azlocillin combination. Clinical outcomes were similar but the
density of Paeruginosa fell more in the combination group.**® In
patients with non-CF bronchiectasis chronically colonised with
P aeruginosa the addition of nebulised tobramycin 300 mg twice
daily to high-dose oral ciprofloxacin 750 mg twice daily for
14 days led to a greater reduction in microbial load at day 14, but
there was no clinical benefit.*3?

A meta-analysis of single versus combination antibiotic
therapy in CF did not show differences in response but was
associated with an increase in the number of patients with
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resistant P aeruginosa at 2—8 weeks in patients on mono-
therapy.*” A consensus statement concluded that, with
a susceptible strain, monotherapy may be as effective as
combination treatment. Combination treatment was encour-
aged with a resistant strain and lowered the risk of developing
further antibiotic resistance.””

Common practice for the intravenous antibiotic treatment of
P aeruginosa is the combination of a third-generation cephalo-
sporin such as ceftazidime with an aminoglycoside (usually
gentamicin) for 14 days. Clinicians should be alert to the risk
factors for aminoglycoside toxicity which are particularly rele-
vant to patients with bronchiectasis (renal impairment,
increasing age and long duration of treatment). Anecdotal
reports of vestibular toxicity in older patients given gentamicin
using a 7 mg/kg once daily regime suggest this is not appropriate
for this group of patients (personal communication). Advice on
the use of aminoglycosides is given in Appendix 1.

Recommendations (1+,%32 435 436 7_ 437 438 4439

Adults

» Combination antibiotics are not required in patients colon-
ised with H influenzae, M catarrhalis, S aureus (methicillin-
sensitive) and S pneumoniae. [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 P aeruginosa that is sensitive to
ciprofloxacin, monotherapy with oral ciprofloxacin can be
used as first-line treatment (table Al). [B]

» In patients who have not responded to oral ciprofloxacin,
monotherapy with an antipseudomonal intravenous antibiotic
should be considered (table Al). [D]

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

» Methicillin-resistant S aureus (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 P aeruginosa that is sensitive to
ciprofloxacin, monotherapy with oral ciprofloxacin 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 Paeruginosa) (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 unsuccess-
ful (table AI). [D]

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

Adults

The aims with long-term antibiotic treatment are to improve
symptoms, reduce the number of infective exacerbations and to
improve health status. Patients chronically colonised with P
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aeruginosa have increased hospital admissions, worse quality of
life and may have an accelerated decline in FEV.>% % There are
sound theoretical reasons for trying to modulate the persisting
airway inflammation that appears to perpetuate airway coloni-
sation. By reducing microbial load and bacterial products in the
airway, clearance of bacteria should be enhanced and allow the
airway an opportunity to heal. Antibiotics, particularly those of
the macrolide and quinolone groups, show potentially beneficial
immunomodulatory effects on host inflammatory responses.**®
%7 These effects are evident at antibiotic concentrations below
those required to kill infecting or colonising bacteria and some
clinical experience has accumulated with low-dose long-term use
of antibiotics, particularly macrolides, in the treatment of
chronic airways diseases.*”® 4** Controlled clinical trials are
lacking.

The studies using long-term oral antibiotics are summarised in
table AVI in Appendix 2.%44 247 355 367 374 440-446 R the MRC
placebo-controlled trial in 1957, long-term twice weekly
oxytetracycline over 1 year led to reduced sputum purulence,
fewer days confined to bed and fewer days off work.*** Long-
term tetracycline (=3 months) compared with placebo led to
less lower respiratory tract illness and of shorter duration.>”* In
1988 an open labelled study assessed the effect of 4 months of
amoxicillin  (not placebo-controlled and with different
regimens).*”” This led to reduced airways inflammation with
reduced elastase activity, less albumin protein leakage, improved
patient well-being (from patient diary cards), reduced sputum
volume and colour, improved breathlessness and improved PEF
rates. In 1990 a 32-week study compared high-dose amoxicillin
with placebo.**® This showed clinical improvement, reduction in
24 h sputum volume and fewer days confined to bed and away
from work. There was no effect on exacerbation frequency but
exacerbations were less severe.

Macrolides have been studied in bronchiectasis. A pilot study
in 1999 compared 8 weeks of erythromycin with placebo.?*” In
this study 76% were chronically colonised with P aeruginosa.
Erythromycin had no effect on proinflammatory cytokines, no
impact on microbial load but an improvement in 24 h sputum
volume and improved FEV; and FVC. In 2004 an open labelled
study (not placebo-controlled) evaluated the effect of long-term
azithromycin (mean 20 months)**® and reported a reduction in
chronic colonisation, improved symptoms and reduced exacer-
bation frequency. A further open labelled study in 2005 evalu-
ated the effect of 6 months of treatment with azithromycin,**°
The authors reported reduced 24 h sputum volume, improved
well-being and reduced exacerbation frequency. There are
potentially serious side effects with long-term macrolides™ and
appropriate monitoring and follow-up are necessary.

A systematic review by Evans and colleagues in 2003 (carried
out before the above studies) concluded that continuous anti-
biotics improved symptoms but had no effect on lung function
or exacerbation frequency although there was a lack of rando-
mised controlled studies with these endpoints.”®* The effect of
long-term continuous antibiotics on mortality is unknown.
Further studies are needed.

As there is a high risk of resistance with continuous use of
quinolone antibiotics in patients colonised with Paeruginosa, this
class of drug should be avoided in this patient group.?* 902 203
Recommendations (1+,37¢ #0443 |_ 247 3244 353 367 444445
> 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]
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» 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 All). [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]

Children

A long-term aim for some children is cure of the bronchiectasis.
Up to 27% may have complete resolution of bronchiectasis
within 24—48 months, with improvement in CT appearance in
a further third of patients.”*

Controlled clinical trials are lacking in bronchiectasis.
Evidence is available for the long-term use of azithromyrcin in
patients with CF-derived bronchiectasis™ °% and diffuse
panbronchiolitis.”® It is not yet clear whether azithromycin
may be expected to have a similar function in patients with non-
CF bronchiectasis, with a different organism profile for lower
respiratory tract infection. Roxithromycin assessed by rando-
mised controlled trial in children with bronchiectasis improved
airway responsiveness but not FEV; (roxithromyrcin is, however,
not currently available) (table AVI).>*

Long-term antibiotics may aid healing and prevent exacerba-
tions. Some centres provide long-term antibiotics while an
assessment is made as to the rate of progression of bronchiec-
tasis (repeating HRCT 24—48 months later). Co-trimoxazole,
co-amoxiclav, clarithromycin or azithromycin are the most
commonly used long-term prophylactic agents in children.
There are no long-term studies to suggest preference of one over
another antibiotic.

Good practice points

» Consider long-term antibiotics in children with frequent
symptoms or severe disease.

> Assess rate of progression of bronchiectasis on long-term
antibiotics (repeating HRCT 24—48 months later).

» Where possible, long-term antibiotic regimens should be
determined by respiratory microbiology.

» Long-term use of oral quinolones should be avoided.

Do long-term nebulised antibiotics influence long-term outcome?
Adults
The aims with long-term treatment are to improve symptoms,
reduce the number of infective exacerbations and to improve
health status. Targeting antibiotics to the airways can deliver high
doses of bactericidal drugs directly to the airway with little risk of
systemic toxicity. The studies using long-term nebulised antibi-
otics are summarised in table AVII in Appendix 2,367 368 447452
In 1985 an open labelled study (not placebo-controlled) inves-
tigated the effect of 4 months nebulised amoxicillin in patients
who had relapsed despite treatment with high-dose oral amoxi-
cillin.*! Patients treated with nebulised amoxicillin reported less
sputum purulence, reduced sputum volume and increased PEF
rates. In 1997 a 3-day randomised placebo-controlled study
assessed the effect of inhaled gentamicin on neutrophil activity
and mucus secretion.** Inhaled gentamicin led to reduced
sputum myeloperoxidase (a measure of neutrophil numbers),
reduced microbial load, reduced sputum volume and improved
Borg breathlessness score, improved PEF rates and 6 min walk test.
Subsequent studies assessed the efficacy of nebulised antibi-
otics in patients chronically colonised with Paeruginosa. In 1999
a study compared 1 year of treatment with nebulised ceftazi-
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dime and tobramycin versus symptomatic treatment in 15
patients.*” The actively treated group had fewer admissions and
shorter stays in hospital but there was no difference in lung
function, gas exchange or oral antibiotic usage at the end of
12 months. A larger randomised placebo-controlled study (74
patients) of shorter duration (6 weeks) was conducted in
2000.*° One month of treatment with nebulised tobramycin
reduced sputum colonising load (a mean reduction of 4.5 logyg
colony-forming units/ml), one-third of actively treated patients
had P aeruginosa eradicated from their sputum and this was
associated with a greater chance of improvement in their
medical condition. There was no improvement in spirometry, no
reduction in hospitalisation and some patients reported
increased cough, wheeze, chest pain and breathlessness. There
was only a minor change in the number of tobramycin-resistant
strains of P aeruginosa. In 2005 a 6-month crossover randomised
placebo-controlled trial (30 patients) was carried out. Nebulised
tobramycin reduced the number of hospital admissions and
hospital bed days (mean 0.15 and 2.05 days in the tobramycin
group vs 0.75 and 12.65 days in the placebo group) and P aeru-
ginosa density compared with placebo. There was no reduction
in number of exacerbations, antibiotic use, improvement in
pulmonary function or measures of health status.**® In 2005 an
open labelled study was performed in 41 patients treated with
three cycles of nebulised tobramycin (14 days treatment and
14 days off treatment). Treatment led to improved symptom
scores, improved quality of life and eradication of Paeruginosa in
22%. About 5% developed resistance to tobramycin and 22%
stopped treatment probably or possibly related to treatment due
to cough, wheeze and breathlessness.**?

Nebulised colistin is used in patients with bronchiectasis
colonised with Paeruginosa. An uncontrolled study examining its
efficacy in a mixed population of patients with COPD and
bronchiectasis (the majority of whom had Paeruginosa) found an
improvement in quality of life and slower decline in FEV; with
treatment.

Recommendations {1+,447 448 77,449 450 3367 368 457—453)

> 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 P aeruginosa (table
All). 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]

Research recommendation

» Randomised controlled trials are needed to investigate the
efficacy of nebulised antibiotics in patients with bronchiec-
tasis chronically colonised with P aeruginosa and other
organisms.

Children

Nebulised antibiotics may be considered in paediatric patients who
experience frequent recurrent exacerbations (or deteriorating bron-
chiectasis) unaffected by long-term oral antibiotics or if colonised
with P aeruginosa. Nebulised gentamicin (80 mg twice daily) in
children with bronchiectasis is well tolerated and produces satis-
factory drug levels in sputum (table AII).”®® There is an extensive
literature in CF using aerosolised antibiotics; for instance, 3-month
periods of nebulised tobramyrcin (1 month on, 1 month off treat-
ment repeated twice) improved FEV; by 10% and decreased P
aeruginosa density, use of intravenous antibiotics and hospital days
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in a large trial of 520 adult and paediatric patients with CE** Unlike
the placebo group, there was an increase in the number of strains
with minimum inhibitory concentration (MIC) for tobramycin
>8 pg/ml, and it is for this reason that treatment is prescribed for
28 days followed by a drug holiday for the same period.

Good practice points

» Long-term nebulised antibiotics are for children with frequent
recurrent exacerbations (or deteriorating bronchiectasis)
despite long-term oral antibiotics or if oral antibiotic
therapy is not appropriate.

» If a child with chronic Paeruginosa meets the criteria for long-
term antibiotics, these should be considered; regimens are
shown in table AllL

» The choice of antibiotic should be guided by the antibiotic
sensitivity results.

Research recommendations

» Further studies are needed to address the optimal antibiotic
choice and doses required.

» Randomised controlled trials are needed to investigate the
efficacy of nebulised antibiotics in children with bronchiectasis
chronically colonised with organisms other than Paeruginosa.

Are rotational antibiotics recommended?

Adults and children

Policies for rotational use of antibiotics have been developed and
implemented mainly in intensive care units and critical care
facilities. The aim in these settings is to reduce the likelihood of
the emergence and persistence of antibiotic-resistant strains
within these hospital facilities, and the policies have met with
some success.” %~ The extension of this concept to the long-
term outpatient antibiotic treatment of individual patients with
chronic lung diseases has some theoretical merit, but there are
no suitable published studies to assess its value in this setting.

Good practice point
> Rotating courses of antibiotics are not recommended
routinely.

Should an attempt be made to eradicate organisms from the lower
respiratory tract?

Adults and children

Some organisms, if able to colonise the lower respiratory tract in
patients with bronchiectasis, can be difficult to treat. Paeruginosa
often requires expensive and potentially toxic intravenous anti-
biotic therapy that is inconvenient and time-consuming for the
patient; MRSA may be resistant to multiple antibiotics and has
implications for infection control in the management of a patient
with bronchiectasis in hospital. Colonisation with Paeruginosa is
also associated with worse symptoms’® and quality of life
scores®® and may lead to accelerated decline in FEV;.2%3 *4% While
there are no studies to guide practice following the first isolate of
either organism, an attempt to eradicate seems pragmatic. Figures
4 and 5 outline strategies derived for the eradication of P aerugi-
nosa from the sputum of patients with CF and individual clini-
cians will decide which and how aggressive a strategy to employ
in the setting of non-CF bronchiectasis.

Good practice points

» In patients who have P aeruginosa isolated for the first time,
an attempt should be made to eradicate using 14 courses of
oral ciprofloxacin (figures 4 and 5).

» Failure to eradicate Paeruginosa with oral treatment may lead
to consideration of intravenous and/or nebulised eradication
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STEP 1

ciprofloxacin
750mg BD

2 weeks

STEP 2 STEP 2 STEP 2
Further 4 weeks
2 weeks ciprofloxacin
IV anti-pseudomonal 750mg BD Nebulised colistin
antibiotics + Nebulised colistin 2MU BD
[Table 4a] 2MU BD 3 months
3 months

Figure 4 Eradication algorithm for Pseudomonas aeruginosa in adults.
Attempt to eradicate with a 2-week course of oral ciprofloxacin (step 1).
If step 1 fails, further regimens may be considered (step 2).

therapy although there is currently insufficient evidence to
recommend this (figures 4 and 5).

> For patients in whom MRSA is isolated in the sputum, an
attempt to eradicate the organism should be made with drug
(s), dose and duration guided by local microbiological advice.

When should opportunist mycobacteria be treated?
This is discussed in the BTS and ATS guidelines.”*® °'/

Antibiotic resistance

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

The development of significant bacterial resistance in individual
patients during prolonged treatment has occasionally been seen.
During an 8-month trial of high-dose amoxicillin,**® this was
not regarded as of any significance but was of more concern with
long-term ciprofloxacin (=90 days) where it was associated with
clinical deterioration in 2 of 10 cases.”** There is a theoretical
concern regarding the potential for prolonged antibiotic therapy
to contribute to the emergence of antibiotic resistance in the
community at large. However, when used for relatively small
numbers of individual patients dispersed in the community, any
impact on the overall resistance patterns of the common respi-
ratory pathogens would be small and difficult to measure.

STEP 1

Ciprofloxacin
2 weeks

STEP 2 STEP 2 STEP 2
Further 4 weeks
2 Weeks Ciprofloxacin Nebulised colistin
IV anti-pseudomonal + Nebulised colistin 3 months
antibiotics 3 months

Figure 5 Eradication algorithm for Pseudomonas aeruginosa in
children. Use doses according to the Children’s BNF. Use doses for
severe infection.*** Attempt to eradicate with a 2-week course of oral
ciprofloxacin (step 1). If step 1 fails, further regimens may be considered
(step 2).
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Recommendations (1+%%° 3?%%)

> 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]

Children

The development of significant bacterial resistance during
prolonged treatment has occasionally been seen, but not to the
same extent as with other chronic respiratory diseases such as
CE There is no large-scale published evidence on the emergence
of antibiotic resistance patterns in children with bronchiectasis.
There is a theoretical concern regarding the potential for
prolonged antibiotic therapy to contribute to the emergence of
antibiotic resistance. However, when used for relatively small
numbers of individual patients dispersed in the community, any
impact on the overall resistance patterns of the common respi-
ratory pathogens would be small and difficult to measure.

Good practice point

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

Is there clinical relevance of in vitro antibiotic resistance patterns?
Adults and children

The prevalence of antimicrobial resistance in the common
pathogens shows regional variation even within the UK,
emphasising the significance of local antimicrobial susceptibility
patterns. Overall, the rate of resistance to community-acquired
respiratory pathogens was recently found to be low.*** The
impact of resistance to penicillin in S pneumoniae is probably
small in this setting. Satisfactory clinical outcomes have been
reported following treatment of pneumonia caused by penicillin-
resistant strains (MIC =2.0 pg/ml) with penicillins and cepha-
losporins.** The prevalence of resistance in H influenzae in the
UK is thought to be low and, as such, is not thought to have
significant clinical impact at present.

By contrast, antimicrobial resistance among S aureus (eg,
MRSA), P aeruginosa and Enterobacteriaceae (E coli, Klebsiella
spp., Enterobacter spp.) presents significant potential problems,
especially with the emergence of extended spectrum P-lacta-
mases in the latter group. MRSA is resistant to all B-lactams and
some common strains (eg, EMRSA-15, EMRSA-16) are
frequently resistant to macrolides and ciprofloxacin. In children
the range of antimicrobial agents available is further limited; for
instance, tetracyclines which are useful alternatives in adults are
contraindicated in children.

Recommendations (3*°* *°°)

» Treatment should be guided on 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?

Numerous studies have reported lung resection surgery for bron-
chiectasis in both children and adults with the principal aim of
improving symptoms. Indications for surgery in the literature have
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included failure of medical/conservative therapy,*o 464467 518-521

recurrent respiratory infections and persistent sputum produc-
tion, 496 457 460 520=922 | ppsis 460 464467 5187525 524 cpyropic
cough?®? 460 464 520 524 41 persistent lung abscess. ‘467 918 921

While lung resection surgery has not been subjected to rand-
omised controlled trials, certain principles that seem to predict
success emerge from the literature. First, the resection of bron-
chiectatic lung should be complete,*® 461 464 465 518 520 525 526 1y
diseased lung must be localised*®® #5° 18 and at least 10
segments should remain after surgery.”>” There is no available
information on contraindications, although it is unlikely that
there are any absolute contraindications. Factors that appear to
have an adverse outcome in some studies and so might be seen
as relative contraindications include non-cylindrical disease,** °*
Pseudomonas grown on sputum culture,”*® residual disease after
resection and non-localised disease.**® 461 463

Perioperative morbidity and mortality has been reported in
many case series. The precise definition of morbidity varies, as
does the reported incidence with complication rates ranging
from 0%76? 464 921 t5 >20%.'® 920 923 The higher rates are in the
older series and a morbidity rate of 10—19% is accepted by most
authors ¢ 469 926 928 perigperative mortality is low with all
series reporting rates <5%°°0 497 918 919 521 and many with
figures of 0%. 458 466 467 520 524 526

With regard to long-term outcome, studies have reported
many different variables with most concentrating on symp-
tomatic improvement and subsequent admission rates.
Improvement rates of 50—80%*% 49 9197921 528 44 909,401 92
have been reported, although these studies do not formally
control for a comparison group receiving best medical therapy.

Recommendations

> 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]

{34557467 )

Massive haemoptysis

Haemoptysis is a rare but potentially life-threatening compli-
cation of bronchiectasis. There is no literature on the manage-
ment or non-CF haemoptysis in children, with some studies
involving adults with non-CF bronchiectasis. The principles of
management follow those for CF; the first priority is to maintain
the airway, optimise oxygenation and stabilise the haemody-
namic status followed by bronchial artery embolisation or
surgical intervention.*’? Percutaneous bronchial artery emboli-
sation has been shown to be a safe and effective method
of controlling haemoptysis in both CF and non-CF
populations. %65—471 473

Recommendation (3*5¢—473)

» Bronchial artery embolisation and/or surgery is first-line

therapy for the management of massive haemoptysis. [D]

Non-invasive ventilation (NIV)

There is little information on the short- or long-term role of NIV
in the management of non-CF bronchiectasis with regard to
physiological outcomes, survival and quality of life. A study of
survival of 48 patients in the intensive care unit (ICU) where
one of the interventions was NIV (n=13, 27%) found cumula-
tive mortality of 19% (n=9) for a first admission to ICU for
respiratory failure in patients with bilateral non-CF bronchiec-
tasis and 40% (n=19) at 1 year.477 The actuarial survival rate at
1 year was 60%. Intubation requirement was associated with
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reduced survival in univariate analysis, suggesting that NIV may
be advantageous. Multivariate analysis found that age >65 years
and long-term oxygen therapy were independent factors
predicting reduced survival. Survival was not reduced for those
treated with long-term non-invasive positive pressure ventila-
tion.

A study of the outcome of domiciliary NIV noted that the
response to NIV in this group of patients (n=13) was disap-
pointing.*’S The patient group had more severe hypoxaemia and
hypercapnoea at the start, suggesting that NIV was introduced
later in the natural history of the disease than in previous
studies. The authors concluded that the probability of
continuing NIV after 2 years in the bronchiectasis group was
<20% and most patients became increasingly more ventilator-
dependent with time. However, all reported improvement in
quality of sleep and in levels of daytime activity. Eight consid-
ered that the improvement in their respiratory status
outweighed the discomfort due to NIV

A retrospective study of 16 patients with severe diffuse
bronchiectasis investigating NIV as rescue therapy for nocturnal
home use with daytime oxygen found a significant increase in
FEV; 12 months after initiation of NIV. In patients alive after
24 months there was a significant decrease in the length of
hospital admissions.*’””> This could be a reflection of the three
deaths being the high intensity users. In a study which
compared patients with bronchiectasis treated with NIV with
those treated with long-term oxygen therapy only, differences
were found between the two groups. In the year before NIV was
commenced, mean®SD length of time in hospital for the NIV
and long-term oxygen therapy groups was 4855 and 5+8 days,
respectively; the year following home NIV the length of time in
hospital for the two groups was 10%=31 and 9+*16 days,
respectively.*’* In contrast, one study did not find a reduction in
hospital days with the instigation of non-invasive positive
pressure ventilation in patients with bronchiectasis.”*

Recommendations (3*7*~*"7)

» NIV can improve quality of life in some patients with chronic
respiratory failure due to bronchiectasis. [D]

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

Lung transplantation

Is there a role for lung transplantation in advanced bronchiectasis?
Lung transplantation is available for end-stage cardiopulmonary
disease in children and adults, although there is a paucity of
literature in bronchiectasis specifically. A general guideline is to
refer patients for an evaluation for lung transplantation if the
FEV, is <30% or if there is a rapid progressive res(g)iratory
deterioration despite optimal medical management.”® **! In
patients with poor lung function, the following additional
factors should lower the threshold for considering referral for
transplantation assessment: massive haemoptysis, severe
secondary pulmonary hypertension, ICU admissions or respira-
tory failure (particularly if requiring NIV). It should be noted
that antibody deficiency is not an absolute contraindication to
transplantation. The age of the patient predicts outcome
following transplantation and discussion with a transplant
centre is the best way to assess whether patients aged >60 years
should be referred.

Good practice point
» Appropriate patients should be referred for lung transplanta-
tion assessment.
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Oxygen therapy

When should oxygen therapy be used?

Guidance on the appropriate use of oxygen in acute and chronic
settings can be found in the BTS guideline for emergency oxygen
use in adult patients.”®?

Competing interests DB has undertaken consultancy for Transave and Aradigm.
MCP and ATH have no competing interests.

Provenance and peer review Not commissioned; not externally peer reviewed.

REFERENCES

1. Bass EM. Tracheobronchomegaly: the Mounier-Kuhn syndrome. S Afr Med J
1974,48:1718—20.

2. Bolman RM 3rd, Wolfe WG. Bronchiectasis and bronchopulmonary sequestration.
Surg Clin North Am 1980;60:867—81.

3. Dakaraju P, Mansfield RE, Shatapathy P. Undiagnosed congenital oesophago-
bronchial fistulas in adults and older children. Accidental discovery under
anaesthesia in cases of bronchiectasis. Anaesthesia 1974;29:169—74.

4. Danielson GK, Hanson C\W, Cooper EC. Middle lobe bronchiectasis. Report of an
unusual familial occurrence. JAMA 1967;201:605—8.

5. Davis PB, Hubbard VS, McCoy K, et al. Familial bronchiectasis. J Pediatr
1983;102:177—85.

6. Johnston RF, Green RA. Tracheobronchiomegaly. Report of five cases and
demonstration of familial occurrence. Am Rev Respir Dis 1965;91:35—50.

7. Mitchell RE, Bury RG. Congenital bronchiectasis due to deficiency of bronchial
cartilage (Williams-Campbell syndrome): a case report. J Pediatr
1975;87:230—4.

8. Nikolaizik WH, Warmer JO. Aetiology of chronic suppurative lung disease. Arch Dis
Child 1994;70:141—2.

9. Tang AT, Hulin SJ, Weeden DF. Surgical treatment for an unusual cause of
localized bronchiectasis. Ann Thorac Surg 2000;69:1586—7.

10.  Teoh PC. Bronchiectasis and spontaneous pneumothorax in Marfan's syndrome.
Chest 1977;72:672—3.

11. Wayne KS, Taussig LM. Probable familial congenital bronchiectasis due to
cartilage deficiency (Williams-Campbell syndrome). Am Rev Respir Dis
1976;114:15—22.

12. Williams H, Campbell P. Generalized bronchiectasis associated with deficiency of
cartilage in the bronchial tree. Arch Dis Child 1960;35:182—91.

13. Ahel V, Zubovic I, Rozmanic V. Bronchial adenoid cystic carcinoma with saccular
bronchiectasis as a cause of recurrent pneumonia in children. Pediatr Pulmonol
1992;12:260—2.

14.  Akiyama K, Takizawa H, Suzuki M, et al. Allergic bronchopulmonary aspergillosis
due to Aspergillus oryzae. Chest 1987;91:285—6.

15.  Annobil SH, Morad NA, Kameswaran M, et al. Bronchiectasis due to lipid
aspiration in childhood: clinical and pathological correlates. Ann Trop Paediatr
1996;16:19—25.

16.  Box K, Kerr KM, Jeffrey RR, et al. Endobronchial lipoma associated with lobar
bronchiectasis. Respir Med 1991;85:71—2.

17. Chiu FTS, Campbell H. Bronchogenic carcinoma causing non terminal saccular
bronchiectasis. Aust N Z J Med 1973;3:200—3.

18.  Dassing M, Khan JH. Nasal or oral oil application on infants: a possible risk factor
for adult bronchiectasis. Eur J Epidemiol 1995;11:141—4.

19.  Edwards EA, Asher MI, Byrmes CA. Paediatric bronchiectasis in the twenty-first
century: experience of a tertiary children’s hospital in New Zealand. J Paediatr Child
Health 2003;39:111—17.

20. Glauser EM, Cook CD, Harris GB. Bronchiectasis: a review of 187 cases in
children with follow-up pulmonary function studies in 58. Acta Paediatr Scand
1966;165:1+.

21.  Mansour Y, Beck R, Danino J, et al. Resolution of severe bronchiectasis
after removal of long-standing retained foreign body. Pediatr Pulmonol
1998;25:130—2.

22.  Pasteur MC, Helliwell SM, Houghton SJ, et al. An investigation into causative
factors in patients with bronchiectasis. Am J Respir Crit Care Med
2000;162:1277—84.

23. Eastham KM, Fall AJ, Mitchell L, et al. The need to redefine non-cystic fibrosis
bronchiectasis in childhood. Thorax 2004;59:324—7.

24.  Lewiston NJ. Bronchiectasis in childhood. Pediatr Clin North Am 1984,31:865—78.

25.  Hause DW, Harvey JC. Endobronchial carcinoid and mucoepidermoid carcinoma in
children. J Surg Oncol 1991;46:270—2.

26.  Hancock BJ, Di Lorenzo M, Youssef S, et al. Childhood primary pulmonary
neoplasms. J Pediatr Surg 1993;28:1133—6.

27.  0zcelik U, Kotiloglu E, Gocmen A, et al. Endobronchial leiomyoma: a case report.
Thorax 1995;50:101—2.

28. Tagge E, Yunis E, Chopyk J, et al. Obstructing endobronchial fibrous histiocytoma:
potential for lung salvage. J Pediatr Surg 1991;26:1067—9.

29.  Berman DE, Wright ES, Edstrom HW. Endobronchial inflammatory polyp associated
with a foreign body. Successful treatment with corticosteroids. Chest
1984,86:483—4.

30.  Williams HE, Phelan PD. The “missed” inhaled foreign body in children. Med J Aust
1969;1:625—8.

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119



BTS guidelines

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

Slim MS, Yacoubian HD. Complications of foreign bodies in the tracheobronchial
tree. Arch Surg 1966;92:388—93.

Limper AH, Prakash UB. Tracheobronchial foreign bodies in adults. Ann Intern Med
1990;112:604—9.

Ernst KD, Mahmud F. Reversible cystic dilatation of distal airways due to foreign
body. South Med J 1994,87:404—6.

Baharloo F, Veyckemans F, Francis C, et al. Tracheobronchial foreign bodies:
presentation and management in children and adults. Chest 1999;115:1357—62.
Debeljak A, Sorli J, Music E, et al. Bronchoscopic removal of foreign bodies in
adults: experience with 62 patients from 1974—1998. Eur Respir J
1999;14:792—5.

Pitney AC, Callahan CW, Ruess L. Reversal of bronchiectasis caused by chronic
aspiration in cri du chat syndrome. Arch Dis Child 2001;85:413—14.

Barker AF, Bardana EJ Jr. Bronchiectasis: update of an orphan disease. Am Rev
Respir Dis 1988;137:969—78.

Reid KR, McKenzie FN, Menkis AH, et al. Importance of chronic aspiration in
recipients of heart-lung transplants. Lancet 1990;336:206—8.

Valery PC, Torzillo PJ, Mulholland K, et al. Hospital-based case-control study of
bronchiectasis in indigenous children in Central Australia. Pediatr Infect Dis J
2004,23:902—8.

Goudie BM, Kerr MR, Johnson RN. Mycoplasma pneumonia complicated by
bronchiectasis. J Infect 1983;7:151—2.

Herbert FA, Wilkinson D, Burchak E, et al. Adenovirus type 3 pneumonia causing
lung damage in childhood. Can Med Assoc J 1977;116:274—6.

Karakoc GB, Yimaz M, Altintas DU, et al. Bronchiectasis: still a problem. Pediatr
Pulmonol 2001;32:175—8.

Kaschula RO, Druker J, Kipps A. Late morphologic consequences of measles:

a lethal and debilitating lung disease among the poor. Rev Infect Dis
1983;5:395—404.

Laraya Cuasay LR, DeForest A, Huff D, et al. Chronic pulmonary complications of early
influenza virus infection in children. Am Rev Respir Dis 1977;,116:617—25.

Massie R, Armstrong D. Bronchiectasis and bronchiolitis obliterans post respiratory
syncytial virus infection: think again. J Paediatr Child Health 1999;35:497—8.
Nicotra MB, Rivera M, Dale AM, et a/. Clinical, pathophysiologic, and microbiologic
characterization of bronchiectasis in an aging cohort. Chest 1995;108:955—61.
Parker EF, Brailsford LE, Gregg DB. Tuberculous bronchiectasis. Am Rev Respir Dis
1968;98:240—9.

Rosenzweig DY, Stead WW. The role of tuberculosis and other forms of
bronchopulmonary necrosis in the pathogenesis of bronchiectasis. Am Rev Respir
Dis 1966;93:769—85.

Scala R, Aronne D, Palumbo U, et al. Prevalence, age distribution and aetiology of
bronchiectasis: a retrospective study on 144 symptomatic patients. Monaldi Arch
Chest Dis 2000;55:101—5.

Simila S, Linna 0, Lanning P, et al. Chronic lung damage caused by adenovirus type
7: a ten-year follow-up study. Chest 1981;80:127—31.

Lees AW. Atelectasis and bronchiectasis in pertussis. BMJ 1950;4689:
1138—41.

Warner WP. Factors causing bronchiectasis. JAMA 1935;104:1666—70.
Wynn-Williams N. Bronchiectasis: a study centred on Bedford and its environs.
BMJ 1953;1:1194—9.

Kelly MG, Murphy S, Elborn JS. Bronchiectasis in secondary care:

a comprehensive profile of a neglected disease. Eur J Intern Med 2003;14:488—92.
Noone PG, Leigh MW, Sannuti A, et al. Primary ciliary dyskinesia: diagnostic and
phenotypic features. Am J Respir Crit Care Med 2004;169:459—67.

Singleton R, Morris A, Redding G, et al. Bronchiectasis in Alaska native children:
causes and clinical courses. Pediatr Pulmonol 2000;29:182—17.

Reich JM, Johnson RE. Mycobacterium avium complex pulmonary disease
presenting as an isolated lingular or middle lobe pattern. The Lady Windermere
syndrome. Chest 1992;101:1605—9.

Fowler SJ, French J, Screaton NJ, et a/. Nontuberculous mycobacteria in
bronchiectasis: Prevalence and patient characteristics. Eur Respir J 2006;28:1204—10.
Wickremasinghe M, Ozerovitch LJ, Davies G, et al. Non-tuberculous
mycobacteria in patients with bronchiectasis. Thorax 2005;60:1045—51.

Ahn CH, Mclarty JW, Ahn SS, et al. Diagnostic criteria for pulmonary disease
caused by Mycobacterium kansasii and Mycobacterium intracellulare. Am Rev
Respir Dis 1982;125:388—91.

Han XY, Tarrand JJ, Infante R, et al. Clinical significance and epidemiologic
analyses of Mycobacterium avium and Mycobacterium intracellulare among
patients without AIDS. J Clin Microbiol 2005;43:4407—12.

Bollert FG, Sime PJ, MacNee W, et al. Pulmonary Mycobacterium malmoense and
aspergillus infection: a fatal combination? Thorax 1994;49:521—2.

Eijkhout HW, van Der Meer JW, Kallenberg CG, et al. The effect of two different
dosages of intravenous immunoglobulin on the incidence of recurrent infections in
patients with primary hypogammaglobulinemia. A randomized, double-blind,
multicenter crossover trial. Ann Intern Med 2001;135:165—74.

Roifman CM, Levison H, Gelfand EW. High-dose versus low-dose intravenous
immunoglobulin in hypogammaglobulinaemia and chronic lung disease. Lancet
1987;1:1075—7.

Bernatowska E, Madalinski K, Janowicz W, et al. Results of a prospective
controlled two-dose crossover study with intravenous immunoglobulin and
comparison (retrospective) with plasma treatment. Clin Immunol Immunopathol
1987;43:153—62.

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

66.

67.

68.

69.

70.

1.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

98.

99.

Amorosa JK, Miller RW, Laraya Cuasay L, et al. Bronchiectasis in children with
lymphocytic interstitial pneumonia and acquired immune deficiency syndrome. Plain
film and CT observations. Pediatr Radiol 1992;22:603—6.

Bard M, Couderc LJ, Saimot AG, et al. Accelerated obstructive pulmonary disease
in HIV infected patients with bronchiectasis. Eur Respir J 1998;11:771—5.
Barker AF, Craig S, Bardana EJ Jr. Humoral immunity in bronchiectasis. Ann
Allergy 1987;59:179—82.

Chang AB, Masel JP, Boyce NC, et al. Non-CF bronchiectasis: clinical and HRCT
evaluation. Pediatr Pulmonol 2003;35:477—83.

Chatila T, Wong R, Young M, et al. An immunodeficiency characterized by
defective signal transduction in T lymphocytes. N Engl J Med
1989;320:696—702.

De Gracia J, Rodrigo MJ, Morell F, et al. IgG subclass deficiencies associated with
bronchiectasis. Am J Respir Crit Care Med 1996;153:650—5.

Donato L, de la Salle H, Hanau D, et al. Association of HLA class | antigen
deficiency related to a TAP2 gene mutation with familial bronchiectasis. J Pediatr
1995;127:895—900.

Hill SL, Mitchell JL, Burnett D, et a/. IgG subclasses in the serum and sputum from
patients with bronchiectasis. Thorax 1998;53:463—8.

Kearney PJ, Kershaw CR, Stevenson PA. Bronchiectasis in acute leukaemia. BMJ
1977;2:857—-9.

Knowles GK, Stanhope R, Green M. Bronchiectasis complicating chronic lymphatic
leukaemia with hypogammaglobulinaemia. Thorax 1980;35:217—18.
McGuinness G, Naidich DP, Garay S, et al. AIDS associated bronchiectasis: CT
features. J Comput Assist Tomogr 1993;17:260—6.

Mehta VK, Massad MG, Tripathi SP, et al. Inmune-deficient bronchiectasis
associated with X-linked lymphoproliferative disease. Ann Thorac Surg
1999;68:578—80.

Miravitlles M, de Gracia J, Rodrigo MJ, et al. Specific antibody response against
the 23-valent pneumococcal vaccine in patients with alpha(1)-antitrypsin deficiency
with and without bronchiectasis. Chest 1999;116:946—52.

Morehead RS. Bronchiectasis in bone marrow transplantation. Thorax
1997,52:392—3.

Sansom ME, Ferry BL, Sherrell ZP, et al. A preliminary assessment of alpha-1
antitrypsin S and Z deficiency allele frequencies in common variable
immunodeficiency patients with and without bronchiectasis. Clin Exp Immunol
2002;130:489—94.

Sheikh S, Madiraju K, Steiner P, et al. Bronchiectasis in pediatric AIDS. Chest
1997;112:1202—7.

Snowden N, Moran A, Booth J, et al. Defective antibody production in patients
with rheumatoid arthritis and bronchiectasis. Clin Rheumatol 1999;18:132—5.
Stead A, Douglas JG, Broadfoot CJ, et a/. Humoral immunity and bronchiectasis.
Clin Exp Immunol 2002;130:325—30.

Verghese A.al Samman M, Nabhan D, et al. Bacterial bronchitis and bronchiectasis
in human immunodeficiency virus infection. Arch Intern Med

1994;154:2086—91.

Watts WJ, Watts MB, Dai W, et al. Respiratory dysfunction in patients

with common variable hypogammaglobulinemia. Am Rev Respir Dis
1986;134:699—703.

Pijnenburg MW, Cransberg K, Wolff E, et al. Bronchiectasis in children after renal
or liver transplantation: a report of five cases. Pediatr Transplant 2004;8:71—4.
Holmes AH, Trotman-Dickenson B, Edwards A, et al. Bronchiectasis in HIV disease.
0 J Med 1992;85:875—82.

van Kessel DA, van Velzen-Blad H, van den Bosch JM, et al. Impaired
pneumococcal antibody response in bronchiectasis of unknown aetiology. Eur Respir J
2005;25:482—9.

Vendrell M, de Gracia J, Rodrigo MJ, et al. Antibody production deficiency

with normal IgG levels in bronchiectasis of unknown etiology. Chest
2005;127:197—-204.

Anon. Primary immunodeficiency diseases. Report of an IUIS Scientific
Committee. International Union of Immunological Societies. Clin Exp Immunol
1999;118(Suppl 1):1—28.

Cunningham-Rundles C. Clinical and immunologic analyses of 103 patients with
common variable immunodeficiency. J Clin Immunol 1989;9:22—33.
Cunningham-Rundles C, Bodian C. Common variable immunodeficiency: clinical
and immunological features of 248 patients. Clin Immunol 1999;92:34—48.
Hermaszewski RA, Webster AD. Primary hypogammaglobulinaemia: a survey of
clinical manifestations and complications. @ J Med 1993;86:31—42.

Martinez Garcia MA, de Rojas MD, Nauffal Manzur MD, et al. Respiratory
disorders in common variable immunodeficiency. Respir Med 2001;95:191—5.
Spickett GP. Summary of antibody deficiency audit. CPD Bulletin Immunol Allergy
2000;1:58—61.

Thickett KM, Kumararatne DS, Banerjee AK, et a/. Common variable immune
deficiency: respiratory manifestations, pulmonary function and high-resolution CT
scan findings. @ J Med 2002;95:655—62.

Gadola SD, Moins-Teisserenc HT, Trowsdale J, et al. TAP deficiency syndrome.
Clin Exp Immunol 2000;121:173—8.

Solal-Celigny P, Couderc LJ, Herman D, et al. Lymphoid interstitial pneumonitis in
acquired immunodeficiency syndrome-related complex. Am Rev Respir Dis
1985;131:956—60.

Stockley RA. Bronchiectasis—new therapeutic approaches based on
pathogenesis. Clin Chest Med 1987,8:481—94.

i41



BTS guidelines

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

1.

12.

113.

114.

115.

116.

17.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

142

Good RA, Mazzitello WF. Chest disease in patients with agammaglobulinemia. Dis
Chest 1956;29:9—35.

Chapel HM. Consensus on diagnosis and management of primary antibody
deficiencies. Consensus Panel for the Diagnosis and Management of Primary
Antibody Deficiencies. BMJ 1994;308:581—5.

Notarangelo L, Casanova JL, Fischer A, et al. Primary immunodeficiency diseases:
an update. J Allergy Clin Immunol 2004;114:677—87.

Busse PJ, Razvi S, Cunningham-Rundles C. Efficacy of intravenous immunoglobulin
in the prevention of pneumonia in patients with common variable immunodeficiency.
J Allergy Clin Immunol 2002;109:1001—4.

Quartier P, Debre M, De Blic J, et al. Early and prolonged intravenous
immunoglobulin replacement therapy in childhood agammaglobulinemia:

a retrospective survey of 31 patients. J Pediatr 1999;134:589—96.

Koskinen S. Long-term follow-up of health in blood donors with primary selective
IgA deficiency. J Clin Immunol 1996;16:165—70.

Schaffer FM, Monteiro RC, Volanakis JE, et al. IgA deficiency. Immunodefic Rev
1991;3:15—44.

Cunningham-Rundles C. Physiology of IgA and IgA deficiency. J Clin Immunol
2001;21:303—9.

Hanson LA, Soderstrom R, Nilssen DE, et al. IgG subclass deficiency with or
without IgA deficiency. Clin Immunol Immunopathol 1991;61:S70—7.
Hammarstrom L, Vorechovsky |, Webster D. Selective IgA deficiency (SIgAD)
and common variable immunodeficiency (CVID). Clin Exp Immunol
2000;120:225-31.

Levinson Al, Hopewell PC, Stites DP, et al. Coexistent lymphoid interstitial
pneumonia, pernicious anemia, and agammaglobulinemia. Arch Intern Med
1976;136:213—16.

Nahm MH, Macke K, Kwon OH, et a/. Immunologic and clinical status of blood
donors with subnormal levels of 1gG2. J Allergy Clin Immunol 1990;85:769—77.
Buckley RH. Immunoglobulin G subclass deficiency: fact or fancy? Curr Allergy
Asthma Rep 2002;2:356—60.

Blore J, Haeney MR. Primary antibody deficiency and diagnostic delay. BMJ
1989;298:516—17.

Sweinberg SK, Wodell RA, Grodofsky MP, et al. Retrospective analysis of the
incidence of pulmonary disease in hypogammaglobulinemia. J Allergy Clin Immunol
1991,88:96—104.

Roifman CM, Gelfand EW. Replacement therapy with high dose intravenous
gamma-globulin improves chronic sinopulmonary disease in patients with
hypogammaglobulinemia. Pediatr Infect Dis J 1988;7(5 Suppl):S92—6.
Kainulainen L, Varpula M, Liippo K, et al. Pulmonary abnormalities in patients with
primary hypogammaglobulinemia. J Allergy Clin Immunol 1999;104:1031—6.
Couriel J. Assessment of the child with recurrent chest infections. Br Med Bull
2002;61:115—32.

Bokszczanin A, Levinson Al. Coexistent yellow nail syndrome and selective
antibody deficiency. Ann Allergy Asthma Immunol 2003;91:496—500.

Lederman HM, Winkelstein JA. X-linked agammaglobulinemia: an analysis of 96
patients. Medicine (Baltimore) 1985;64:145—56.

Kainulainen L, Nikoskelainen J, Vuorinen T, et al. Viruses and bacteria in bronchial
samples from patients with primary hypogammaglobulinemia. Am J Respir Crit Care
Med 1999;159:1199—204.

Spickett GP, Mishah SA, Chapel HM. Primary antibody deficiency in adults. Lancet
1991,337:281—4.

Angus RM, Davies ML, Cowan MD, et al. Computed tomographic scanning of
the lung in patients with allergic bronchopulmonary aspergillosis and in asthmatic
patients with a positive skin test to Aspergillus fumigatus. Thorax 1994;
49:586—9.

Bahous J, Malo JL, Paquin R, et al. Allergic bronchopulmonary aspergillosis and
sensitization to Aspergillus fumigatus in chronic bronchiectasis in adults. Clin Allergy
1985;15:571—-9.

Greenberger PA, Miller TP, Roberts M, et al. Allergic bronchopulmonary
aspergillosis in patients with and without evidence of bronchiectasis. Ann Allergy
1993;70:333—8.

Mitchell TA, Hamilos DL, Lynch DA, et al. Distribution and severity of
bronchiectasis in allergic bronchopulmonary aspergillosis (ABPA). J Asthma
2000;37:65—72.

Neeld DA, Goodman LR, Gurney JW, et al. Computerized tomography in the evaluation
of allergic bronchopulmonary aspergillosis. Am Rev Respir Dis 1990;142:1200—5.
Elliott MW, Newman Taylor AJ. Allergic bronchopulmonary aspergillosis. Clin Exp
Allergy 1997;27(Suppl 1):55—9.

Greenberger PA. Allergic bronchopulmonary aspergillosis, allergic fungal sinusitis,
and hypersensitivity pneumonitis. Clin Allergy Immunol 2002;16:449—68.

Phelan MS, Kerr IH. Allergic broncho-pulmonary aspergillosis: the radiological
appearance during long-term follow-up. Clin Radliol 1984;35:385—92.

Hinson KF, Moon AJ, Plummer NS. Broncho-pulmonary aspergillosis; a review and
a report of eight new cases. Thorax 1952;7:317—33.

Wang JL, Patterson R, Rosenberg M, et al. Serum IgE and IgG antibody activity
against Aspergillus fumigatus as a diagnostic aid in allergic bronchopulmonary
aspergillosis. Am Rev Respir Dis 1978;117:917—27.

Lee YM, Park JS, Hwang JH, et al. High-resolution CT findings in patients with
near-fatal asthma: comparison of patients with mild-to-severe asthma and normal
control subjects and changes in airway abnormalities following steroid treatment.
Chest 2004;126:1840—8.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

Vignola AM, Paganin F, Capieu L, et al. Airway remodelling assessed by sputum
and high-resolution computed tomography in asthma and COPD. Eur Respir J
2004,24:910—17.

Bumbacea D, Campbell D, Nguyen L, et al. Parameters associated with persistent
airflow obstruction in chronic severe asthma. Eur Respir J 2004;24:122—8.
Takemura M, Niimi A, Minakuchi M, et al. Bronchial dilatation in asthma: relation
to clinical and sputum indices. Chest 2004;125:1352—8.

Awadh N, Muller NL, Park CS, et al. Airway wall thickness in patients with near
fatal asthma and control groups: assessment with high resolution computed
tomographic scanning. Thorax 1998;53:248—53.

Gono H, Fujimoto K, Kawakami S, et al. Evaluation of airway wall thickness and air
trapping by HRCT in asymptomatic asthma. Eur Respir J 2003;22:965—71.
Grenier P, Mourey-Gerosa |, Benali K, et al. Abnormalities of the airways and lung
parenchyma in asthmatics: CT observations in 50 patients and inter- and
intraobserver variability. Eur Radiol 1996,6:199—206.

Paganin F, Seneterre E, Chanez P, et al. Computed tomography of the lungs in
asthma: influence of disease severity and etiology. Am J Respir Crit Care Med
1996;153:110—14.

Paganin F, Trussard V, Seneterre E, et al. Chest radiography and high resolution
computed tomography of the lungs in asthma. Am Rev Respir Dis 1992;
146:1084—7.

Lynch DA, Newell JD, Tschomper BA, et al. Uncomplicated asthma in adults:
comparison of CT appearance of the lungs in asthmatic and healthy subjects.
Radiology 1993;188:829—33.

Kasahara K, Shiba K, Ozawa T, et al. Correlation between the bronchial
subepithelial layer and whole airway wall thickness in patients with asthma. Thorax
2002;57:242—6.

Park JW, Hong YK, Kim CW, et al. High-resolution computed tomography in
patients with bronchial asthma: correlation with clinical features, pulmonary
functions and bronchial hyperresponsiveness. J Investig Allergol Clin Immunol
1997;7:186—92.

Little SA, Sproule MW, Cowan MD, et al. High resolution computed tomographic
assessment of airway wall thickness in chronic asthma: reproducibility and
relationship with lung function and severity. Thorax 2002;57:247—53.
Palwatwichai A, Chaoprasong C, Vattanathum A, et a/. Clinical, laboratory
findings and microbiologic characterization of bronchiectasis in Thai patients.
Respirology 2002;7:63—6.

Ryu JH, Myers JL, Swensen SJ. Bronchiolar disorders. Am J Respir Crit Care Med
2003;168:1277—92.

Girodon E, Cazeneuve C, Lebargy F, et al. CFTR gene mutations in adults with
disseminated bronchiectasis. Eur J Hum Genet 1997;5:149—55.

Ninis VN, Kylyng MO, Kandemir M, et al. High frequency of T9 and CFTR mutations
in children with idiopathic bronchiectasis. J Med Genet 2003;40:530—5.

Pignatti PF, Bombieri C, Marigo C, et a/. Increased incidence of cystic fibrosis gene
mutations in adults with disseminated bronchiectasis. Hum Mol Genet 1995;4:635—9.
Tzetis M, Efthymiadou A, Strofalis S, et al. CFTR gene mutations - including three
novel nucleotide substitutions - and haplotype background in patients with asthma,
disseminated bronchiectasis and chronic obstructive pulmonary disease. Hum Genet
2001;108:216—21.

Verra F, Escudier E, Bignon J, et a/. Inherited factors in diffuse bronchiectasis in the
adult: a prospective study. Eur Respir J 1991,;4:937—44.

Hubert D, Fajac |, Bienvenu T, et al. Diagnosis of cystic fibrosis in adults with
diffuse bronchiectasis. J Cyst Fibros 2004;3:15—22.

King PT, Freezer NJ, Holmes PW, et al. Role of CFTR mutations in adult
bronchiectasis. Thorax 2004;59:357—8.

Casals T, De-Gracia J, Gallego M, et al. Bronchiectasis in adult patients: an
expression of heterozygosity for CFTR gene mutations? Clin Genet 2004;65:490—5.
Divac A, Nikolic A, Mitic-Milikic M, et al. CFTR mutations and polymorphisms in
adults with disseminated bronchiectasis: a controversial issue. Thorax 2005;60:85.
Stewart B, Zabner J, Shuber AP, et al. Normal sweat chloride values do not exclude
the diagnosis of cystic fibrosis. Am J Respir Crit Care Med 1995;151:899—903.
Gilliam M, Eliis L, Corey M, et al. Clinical manifestations of cystic fibrosis among
patients with diagnosis in adulthood. Chest 2004;126:1215—24.

Swinson DR, Symmons D, Suresh U, et al. Decreased survival in patients with co-
existent rheumatoid arthritis and bronchiectasis. Br J Rheumatol 1997;36:689—91.
McMahon MJ, Swinson DR, Shettar S, et al. Bronchiectasis and rheumatoid
arthritis: a clinical study. Ann Rheum Dis 1993;52:776—9.

Allain J, Saraux A, Guedes C, et al. Prevalence of symptomatic bronchiectasis in
patients with rheumatoid arthritis. Rev Rhum Engl Ed 1997;64:531—17.
Andonopoulos AP, Yarmenitis S, Georgiou P, et al. Bronchiectasis in systemic
sclerosis. A study using high resolution computed tomography. Clin Exp Rheumatol
2001;19:187—90.

Bamiji A, Cooke N. Rheumatoid arthritis and chronic bronchial suppuration. Scand J
Rheumatol 1985;14:15—21.

Cortet B, Flipo RM, Rémy Jardin M, et al. Use of high resolution computed
tomography of the lungs in patients with rheumatoid arthritis. Ann Rheum Dis
1995;54:815—19.

Despaux J, Manzoni P, Toussirot E, et al. Prospective study of the prevalence of
bronchiectasis in rheumatoid arthritis using high-resolution computed tomography.
Rev Rhum Engl Ed 1998;65:453—61.

Despaux J, Polio JC, Toussirot E, et al. Rheumatoid arthritis and bronchiectasis.
A retrospective study of fourteen cases. Rev Rhum Engl Ed 1996;63:801—8.

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119



BTS guidelines

166.

167.

168.

169.
170.

171.

172.

173.

174.

175.

176.

177.
178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

Perez T, Remy-Jardin M, Cortet B. Airways involvement in rheumatoid arthritis:
clinical, functional, and HRCT findings. Am J Respir Crit Care Med 1998;157:1658—65.
Cortet B, Perez T, Roux N, et al. Pulmonary function tests and high resolution
computed tomography of the lungs in patients with rheumatoid arthritis. Ann Rheum
Dis 1997;56:596—600.

Tanaka N, Kim JS, Newell JD, et al. Rheumatoid arthritis-related lung diseases: CT
Findings. Radiology 2004;232:81—91.

Cohen M, Sahn SA. Bronchiectasis in systemic diseases. Chest 1999;116:1063—74.
Shadick NA, Fanta CH, Weinblatt ME, et al. Bronchiectasis. A late feature of
severe rheumatoid arthritis. Medicine (Baltimore) 1994;73:161—70.

Walker WC. Pulmonary infections and rheumatoid arthritis. @ J Med
1967;36:239—51.

Solanki T, Neville E. Bronchiectasis and rheumatoid disease: is there an
association? Br J Rheumatol 1992;31:691—3.

Remy-Jardin M, Remy J, Cortet B, et al. Lung changes in rheumatoid arthritis: CT
findings. Radliology 1994;193:375—82.

El Maghraoui A, Chaouir S, Abid A, et al. Lung findings on thoracic high-resolution
computed tomography in patients with ankylosing spondylitis. Correlations with
disease duration, clinical findings and pulmonary function testing. Clin Rheumatol
2004;23:123—8.

Al-Hajjaj MS. Bronchiectasis and mediastinal neurofibroma in a Saudi female with
Ehlers-Danlos syndrome. Ann Saudi Med 2000;20:419—20.

Mahadeva R, Flower C, Shneerson J. Bronchiectasis in association with coeliac
disease. Thorax 1998;53:527—9.

Camus P, Colby TV. The lung in inflammatory bowel disease. Eur Respir J 2000;15:5—10.
Camus P, Piard F, Ashcroft T, et al. The lung in inflammatory bowel disease.
Medicine (Baltimore) 1993;72:151—83.

Ellerman A, Bisgaard H. Longitudinal study of lung function in a cohort of primary
ciliary dyskinesia. Eur Respir J 1997;10:2376—9.

Chin GY, Karas DE, Kashgarian M. Correlation of presentation and pathologic
condition in primary ciliary dyskinesia. Arch Otolaryngol Head Neck Surg
2002;128:1292—4.

Mygind N, Pedersen M. Nose-, sinus- and ear-symptoms in 27 patients with
primary ciliary dyskinesia. Eur J Respir Dis Suppl 1983;127:96—101.

Pedersen M, Stafanger G. Bronchopulmonary symptoms in primary ciliary dyskinesia.
A clinical study of 27 patients. Eur J Respir Dis Suppl 1983;127:118—28.
Longstreth GF, Weitzman SA, Browning RJ, et al. Bronchiectasis and homozygous
alphaT-antitrypsin deficiency. Chest 1975;67:233—5.

Al Kassimi F. Bronchiectasis and homozygous (P1ZZ) alpha 1-antitrypsin
deficiency. Thorax 1996;51:228.

Barker AF. Alpha-l-antitrypsin deficiency presenting as bronchiectasis. Br J Dis
Chest 1986,80:97.

Cuvelier A, Muir JF, Hellot MF, et al. Distribution of alphal-antitrypsin alleles in
patients with bronchiectasis. Chest 2000;117:415—19.

King MA, Stone JA, Diaz PT, et al. Alpha 1-antitrypsin deficiency: evaluation of
bronchiectasis with CT. Radiology 1996;199:137—41.

Varpela E, Koistinen J, Korhola O, et al. Deficiency of alphal-antitrypsin and
bronchiectasis. Ann Clin Res 1978;10:79—82.

Shin MS, Ho KJ. Bronchiectasis in patients with alpha 1-antitrypsin deficiency.
A rare occurrence? Chest 1993;104:1384—6.

Jones DK, Godden D, Cavanagh P. Alpha-1-antitrypsin deficiency presenting as
bronchiectasis. Br J Dis Chest 1985;79:301—4.

Guest PJ, Hansell DM. High resolution computed tomography (HRCT) in emphysema
associated with alpha-1-antitrypsin deficiency. Clin Radiol 1992;45:260—6.

Scott JH, Anderson CL, Shankar PS, et al. Alpha1-antitrypsin deficiency with
diffuse bronchiectasis and cirrhosis of the liver. Chest 1977;71:535—8.
Seersholm N, Kok-Jensen A. Clinical features and prognosis of life time non-
smokers with severe alpha 1-antitrypsin deficiency. Thorax 1998;53:265—8.
Brantly ML, Paul LD, Miller BH, et al. Clinical features and history of the destructive
lung disease associated with alpha-1-antitrypsin deficiency of adults with pulmonary
symptoms. Am Rev Respir Dis 1988;138:327—36.

Hutchison DC, Tobin MJ, Cook PJ. Alpha 1 antitrypsin deficiency: clinical and
physiological features in heterozygotes of Pi type SZ. A survey by the British
Thoracic Association. Br J Dis Chest 1983;77:28—34.

Tobin MJ, Cook PJ, Hutchison DC. Alpha 1 antitrypsin deficiency: the clinical and
physiological features of pulmonary emphysema in subjects homozygous for Pi
type Z. A survey by the British Thoracic Association. Br J Dis Chest
1983;77:14—27.

Tomashefski JF Jr, Crystal RG, Wiedemann HP, et al. The bronchopulmonary
pathology of alpha-1 antitrypsin (AAT) deficiency: findings of the Death Review
Committee of the national registry for individuals with severe deficiency of alpha-1
antitrypsin. Hum Pathol 2004;35:1452—61.

Falk GA, Smith JP. Chronic bronchitis: a seldom noted manifestation of
homozygous alpha 1-antitrypsin deficiency. Chest 1971;60:166—9.
Rodriguez-Cintron W, Guntupalli K, Fraire AE. Bronchiectasis and homozygous
(P1Z2) alpha 1-antitrypsin deficiency in a young man. Thorax 1995;50:424—5.
Eriksson S. Studies in alpha 1-antitrypsin deficiency. Acta Med Scand Supp!
1965;432:1—85.

el-Kassimi FA, Warsy AS, Uz-Zaman A, et al. Alpha 1-antitrypsin serum levels in
widespread bronchiectasis. Respir Med 1989;83:119—21.

Parr DG, Guest PG, Reynolds JH, et al. Prevalence and impact of bronchiectasis
in alphat-antitrypsin deficiency. Am J Respir Crit Care Med 2007;176:1215—21.

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

203.

204.

205.

206.

207.

208.

209.

210.

211.

212.

213.
214.

215.

216.

217.

218.

219.

220.

221.

222.

223.

224.

225.

226.

221.

228.

229.

230.

231.

232.

233.

234.

235.

236.

237.

238.

Awerbuch MS. The yellow nail syndrome, bronchiectasis and Raynaud's disease.
A relationship. Med J Aust 1976;2:829—30.

Bowers D. Unequal breasts, yellow nails, bronchiectasis and lymphedema. Can
Med Assoc J 1969;100:437—8.

Venencie PY, Dicken CH. Yellow nail syndrome: report of five cases. J Am Acad
Dermatol 1984;10:187—91.

Hendry WF, A'Hern RP, Cole PJ. Was Young's syndrome caused by exposure to
mercury in childhood? BMJ 1993;307:1579—82.

Le Lannou D, Jezequel P, Blayau M, et al. Obstructive azoospermia with agenesis
of vas deferens or with bronchiectasia (Young's syndrome): a genetic approach.
Humanit Rep 1995;10:338—41.

Neville E, Brewis R, Yeates WK, et al. Respiratory tract disease and obstructive
azoospermia. Thorax 1983;38:929—33.

Chang AB, Gaffney JT, Eastburn MM, et al. Cough quality in children: a comparison
of subjective vs. bronchoscopic findings. Respir Res 2005;6:3.

Davies H, Gordon |, Matthew DJ, et a/. Long term follow up after inhalation of
foreign bodies. Arch Dis Child 1990;65:619—21.

Shields MD, Bush A, Everard ML, et al. BTS guidelines: recommendations for

the assessment and management of cough in children. Thorax 2008;63(Suppl 3):
ii1—=15.

Chang AB, Grimwood K, Mulholland EK, et a/. Bronchiectasis in indigenous children
in remote Australian communities. Med J Aust 2002;177:200—4.

Clark NS. Bronchiectasis in childhood. BMJ 1963;5323:80—8.

Coren ME, Meeks M, Morrison |, et al. Primary ciliary dyskinesia: age at diagnosis
and symptom history. Acta Paediatr 2002;91:667—9.

Dukes RJ, Rosenow EC 3rd, Hermans PE. Pulmonary manifestations of
hypogammaglobulinaemia. Thorax 1978;33:603—7.

Edwards EA, Metcalfe R, Milne DG, et al. Retrospective review of children
presenting with non cystic fibrosis bronchiectasis: HRCT features and clinical
relationships. Pediatr Pulmonol 2003;36:87—93.

Lanning P, Simila S, Linna O. Late pulmonary sequelae after type 7 adenovirus
pneumonia. Ann Radiol (Paris) 1980;23:132—6.

Redding G, Singleton R, Lewis T, et al. Early radiographic and clinical features
associated with bronchiectasis in children. Pediatr Pulmonol 2004;37:297—304.
Patel IS, Viahos |, Wilkinson TM, et al. Bronchiectasis, exacerbation indices and
inflammation in chronic obstructive pulmonary disease. Am J Respir Crit Care Med
2004,70:400—7.

Currie DC, Cooke JC, Morgan AD, et al. Interpretation of bronchograms and
chest radiographs in patients with chronic sputum production. Thorax
1987,42:278—84.

Ellis DA, Thornley PE, Wightman AJ, et al. Present outlook in bronchiectasis:
clinical and social study and review of factors influencing prognosis. Thorax
1981;36:659—64.

Langan CE, Platt DJ, Guthrie AJ. A study of difficult respiratory infections in
general practice. Scott Med J 1982;27 Spec No:S17—20.

Smith IE, Jurriaans E, Diederich S, et al. Chronic sputum production: correlations
between clinical features and findings on high resolution computed tomographic
scanning of the chest. Thorax 1996;51:914—18.

Stockley RA, Bayley D, Hill SL, et al. Assessment of airway neutrophils by sputum
colour: correlation with airways inflammation. Thorax 2001;56:366—72.

0'Brien C, Guest PJ, Hill SL, et al. Physiological and radiological characterisation of
patients diagnosed with chronic obstructive pulmonary disease in primary care.
Thorax 2000;55:635—42.

Martinez FJ. Pathogen-directed therapy in acute exacerbations of chronic
obstructive pulmonary disease. Proc Am Thorac Soc 2007;4:647—58.

Field CE. Bronchiectasis. Third report on a follow-up study of medical and surgical
cases from childhood. Arch Dis Child 1969;44:551—61.

Lee DJ, Conlan AA. Bronchiectasis in urban black children. S Afr Med J
1985;67:817—19.

Nakanishi M, Maekawa N, Naito M. Follow-up study of bronchiectasis. Acta
Tuberc Jpn 1966;16:65—77.

Roberts DE, Higgs E, Cole PJ. Selective medium that distinguishes haemophilus
influenzae from haemophilus parainfluenzae in clinical specimens: its value in
investigating respiratory sepsis. J Clin Pathol 1987,40:75—6.

Edwards EA, Narang |, Li A, et al. HRCT lung abnormalities are not a surrogate for
exercise limitation in bronchiectasis. Eur Respir J 2004;24:538—44.

Li AM, Sonnappa S, Lex C, et al. Non-CF bronchiectasis: does knowing the
aetiology lead to changes in management? Eur Respir J 2005;26:8—14.

Wilson CB, Jones PW, O'Leary CJ, et al. Effect of sputum bacteriology on the
quality of life of patients with bronchiectasis. Eur Respir J 1997;10:1754—60.
McGuinness G, Beacher JR, Harkin TJ, et al. Hemoptysis: prospective high-
resolution CT/bronchoscopic correlation. Chest 1994;105:1155—62.

Chan SL, Chan Yeung MM, Qoi GC, et al. Validation of the Hong Kong Chinese
version of the St George Respiratory Questionnaire in patients with bronchiectasis.
Chest 2002;122:2030—7.

Chan TH, Ho SS, Lai CK, et al. Comparison of oral ciprofloxacin and amoxycillin in
treating infective exacerbations of bronchiectasis in Hong Kong. Chemotherapy
1996;42:150—6.

Lam WK, Chau PY, So SY, et al. Ofloxacin compared with amoxycillin in treating
infective exacerbations in bronchiectasis. Respir Med 1989;83:299—303.
Mazzocco MC, Owens GR, Kirilloff LH, et al. Chest percussion and postural
drainage in patients with bronchiectasis. Chest 1985;88:360—3.

143



BTS guidelines

239.

240.
241.
242.

243.

244.

245,

246.

247.

248.

249.

250.

251.

252.

253.

254.

2565.

256.

257.

258.

259.

260.

261.

262.

263.

264.

265.

266.

267.

268.

269.

270.

271.

i44

Munro NC, Currie DC, Garbett ND, et al. Chest pain in chronic sputum production:
a neglected symptom. Respir Med 1989;83:339—41.

Nath AR, Capel LH. Lung crackles in bronchiectasis. Thorax 1980;35:694—9.
0’'Donnell C, Barker AF, llowite JS, et al. Treatment of idiopathic bronchiectasis
with aerosolized recombinant human DNase |. Chest 1998;113:1329—34.
0’Leary CJ, Wilson CB, Hansell DM, et al. Relationship between psychological
well-being and lung health status in patients with bronchiectasis. Respir Med
2002;96:686—92.

Piirila P, Sovijdrvi AR, Kaisla T, et al. Crackles in patients with fibrosing alveolitis,
bronchiectasis, COPD, and heart failure. Chest 1991;99:1076—83.

Rayner CF, Tillotson G, Cole PJ, et a/. Efficacy and safety of long-term ciprofloxacin in
the management of severe bronchiectasis. J Antimicrob Chemother 1994;34:149—56.
Stockley RA, Hill SL, Morrison HM, et al. Elastolytic activity of sputum and its
relation to purulence and to lung function in patients with bronchiectasis. Thorax
1984;39:408—13.

Tsang KW, Chan WM, Ho PL, et al. A comparative study on the efficacy of
levofloxacin and ceftazidime in acute exacerbation of bronchiectasis. Eur Respir J
1999;14:1206—9.

Tsang KW, Ho PI, Chan KN, et al. A pilot study of low-dose erythromycin in
bronchiectasis. Eur Respir J 1999;13:361—4.

Wilson CB, Jones PW, O'Leary CJ, et al. Systemic markers of inflammation in
stable bronchiectasis. Eur Respir J 1998;12:820—4.

Currie DC, Munro C, Gaskell D, et al. Practice, problems and compliance with
postural drainage: a survey of chronic sputum producers. Br J Dis Chest
1986,80:249—53.

Haynes C, Jones P, O'Leary C, et al. Comparison of quality of life measures,
physiological measures, and extent of disease measured by CT scan in
bronchiectasis. Qual Life Res 1995;4:437—8.

Wilson CB, Jones PW, O’Leary CJ, et al. Validation of the St George's Respiratory
Questionnaire in bronchiectasis. Am J Respir Crit Care Med 1997;156:536—41.
Murphy MB, Reen DJ, Fitzgerald MX. Atopy, immunological changes, and
respiratory function in bronchiectasis. Thorax 1984;39:179—84.

Phelan PD, Landau LI, Williams HE. Lung disease associated with infantile
agammaglobulinaemia. Aust Paediatr J 1973;9:147—51.

Rodrigo MJ, Vendrell M, Cruz MJ, et al. Utility of the antibody response to

a conjugated Haemophilus influenzae type B vaccine for diagnosis of primary
humoral immunodeficiency. Am J Respir Crit Care Med 2000;162:1462—5.
Stanley PJ, Corbo G, Cole PJ. Serum IgG subclasses in chronic and recurrent
respiratory infections. Clin Exp Immunol 1984;58:703—8.

Ambrosino DM, Siber GR, Chilmonczyk BA, et al. An immunodeficiency
characterized by impaired antibody responses to polysaccharides. N Engl J Med
1987;316:790—3.

Noroski LM, Shearer WT. Screening for primary immunodeficiencies in the clinical
immunology laboratory. Clin Immunol Immunopathol 1998;86:237—45.

Folds JD, Schmitz JL. 24. Clinical and laboratory assessment of immunity. J Allergy
Clin Immunol 2003;111(2 Suppl):S702—11.

Shearer WT, Buckley RH, Engler RJ, et al. Practice parameters for the diagnosis
and management of immunodeficiency. The Clinical and Laboratory Immunology
Committee of the American Academy of Allergy, Asthma, and Immunology
(CLIC-AAAAI). Ann Allergy Asthma Immunol 1996;76:282—94.

Conley ME, Notarangelo LD, Etzioni A. Diagnostic criteria for primary
immunodeficiencies. Representing PAGID (Pan-American Group for Immunodeficiency)
and ESID (European Society for Immunodeficiencies). Clin Immunol 1999;93:190—7.
Burke CM, Theodore J, Dawkins KD, et al. Post-transplant obliterative bronchiolitis
and other late lung sequelae in human heart-lung transplantation. Chest
1984,86:824—9.

Danner |, Boisseau P, Chailleux E, et al. Respiratory epithelial ion transport in
patients with disseminated bronchiectasis. Fur Respir J 1999;13:1276—80.

Shah PL, Mawdsley S, Nash K, et al. Determinants of chronic infection with
Staphylococcus aureus in patients with bronchiectasis. Eur Respir J 1999;
14:1340—4.

Davis PB, Del Rio S, Muntz JA, et al. Sweat chloride concentration in adults with
pulmonary diseases. Am Rev Respir Dis 1983;128:34—7.

Baumer JH. Evidence based guidelines for the performance of the sweat test
for the investigation of cystic fibrosis in the UK. Arch Dis Child 2003;
88:1126—7.

Gilljam M, Bjorck E. Cystic fibrosis diagnosed in an elderly man. Respiration
2004;71:98—100.

Anon. ATS/ERS recommendations for standardized procedures for the online and
offline measurement of exhaled lower respiratory nitric oxide and nasal nitric oxide,
2005. Am J Respir Crit Care Med 2005;171:912—30.

Angrill J, Agusti C, De Celis R, et al. Bronchial inflammation and colonization in
patients with clinically stable bronchiectasis. Am J Respir Crit Care Med
2001;164:1628—32.

Pang JA, Cheng A, Chan HS, et al. The bacteriology of bronchiectasis in Hong Kong
investigated by protected catheter brush and bronchoalveolar lavage. Am Rev
Respir Dis 1989;139:14—17.

Cabello H, Torres A, Celis R, et al. Bacterial colonization of distal airways in healthy
subjects and chronic lung disease: a bronchoscopic study. Eur Respir J
1997;10:1137—44.

Fernald GW. Bronchiectasis in childhood: a 10-year survey of cases treated at
North Carolina Memorial Hospital. N C Med J 1978;39:368—72.

272.

273.

274.

275.

276.

271.

278.

279.

280.

281.

282.

283.

284.

285.
286.

287.

288.

289.

290.

291.

292.

293.

294.

295.

296.

297.

298.

299.

300.

301.

302.

303.

304.

Gardiner IT, Blenkharn |, Stradling P, et al. Anaerobic bacteriology of chronic
bronchial disease, with a refined method of sampling bronchial secretions. Br J Dis
Chest 1977;711:277—84.

Moore EH. Atypical mycobacterial infection in the lung: CT appearance. Radiology
1993;187:777—-82.

Tanaka E, Amitani R, Niimi A, et a/. Yield of computed tomography and
bronchoscopy for the diagnosis of Mycobacterium avium complex pulmonary
disease. Am J Respir Crit Care Med 1997;155:2041—6.

Steinfort CL, Todd H, Higgs E, et al. Bacteriology of daily purulent sputum
production. Thorax 1986;42:235.

Chang AB, Boyce NC, Masters IB, et al. Bronchoscopic findings in children with
non-cystic fibrosis chronic suppurative lung disease. Thorax 2002;57:935—8.

van der Bruggen Bogaarts BA, van der Bruggen HM, van Waes PF, et al.
Screening for bronchiectasis. A comparative study between chest radiography and
high-resolution CT. Chest 1996;109:608—11.

Woodring JH. Improved plain film criteria for the diagnosis of bronchiectasis. J Ky
Med Assoc 1994,92:8—13.

Fink C, Hallscheidt PJ, Noeldge G, et al. Clinical comparative study with a large-
area amorphous silicon flat-panel detector: image quality and visibility of anatomic
structures on chest radiography. AJR Am J Roentgenol 2002;178:481—6.
Coblentz CL, Babcook CJ, Alton D, et al. Observer variation in detecting the
radiologic features associated with bronchiolitis. /nvest Radiol 1991;26:115—18.
Greene KE, Takasugi JE, Godwin JD, et al. Radiographic changes in acute
exacerbations of cystic fibrosis in adults: a pilot study. AJR Am J Roentgenol
1994;163:557—62.

Grenier P, Maurice F, Musset D, et al. Bronchiectasis: assessment by thin-section
CT. Radiology 1986;161:95—9.

Munro NC, Cooke JC, Currie DC, et al. Comparison of thin section computed
tomography with bronchography for identifying bronchiectatic segments in patients
with chronic sputum production. Thorax 1990;45:135—9.

Roberts HR, Wells AU, Milne DG, et al. Airflow obstruction in bronchiectasis:
correlation between computed tomography features and pulmonary function tests.
Thorax 2000;55:198—204.

Hansell DM. Bronchiectasis. Radiol Clin North Am 1998;36:107—28.

Matsuoka S, Uchiyama K, Shima H, et al. Bronchoarterial ratio and bronchial wall
thickness on high-resolution CT in asymptomatic subjects: correlation with age and
smoking. AJR Am J Roentgenol 2003;180:513—18.

Vikgren J, Boijsen M, Andelid K, et al. High-resolution computed tomography in
healthy smokers and never-smokers: a 6-year follow-up study of men born in 1933.
Acta Radiol 2004,45:44—52.

Ketai L, Coutsias C, Williamson S, et al. Thin-section CT evidence of bronchial
thickening in children with stable asthma: bronchoconstriction or airway
remodeling? Acad Radiol 2001;8:257—64.

Lucaya J, Piqueras J, Garcia-Pena P, et al. Low-dose high-resolution CT of the
chest in children and young adults: dose, cooperation, artifact incidence, and image
quality. AJR Am J Roentgenol 2000;175:985—92.

Desai SR, Wells AU, Cheah FK, et al. The reproducibility of bronchial circumference
measurements using computed tomography. Br J Radiol 1994,67:257—62.
Engeler CE, Tashjian JH, Engeler CM, et al. Volumetric high-resolution CT in the
diagnosis of interstitial lung disease and bronchiectasis: diagnostic accuracy and
radiation dose. AJR Am J Roentgenol 1994;163:31—5.

Hansell DM, Wells AU, Rubens MB, et al. Bronchiectasis: functional significance
of areas of decreased attenuation at expiratory CT. Radliology 1994;193:369—74.
Jung KJ, Lee KS, Kim SY, et al. Low-dose, volumetric helical CT: image quality,
radiation dose, and usefulness for evaluation of bronchiectasis. /nvest Radiol
2000;35:557—63.

Kim JS, Miiller NL, Park CS, et al. Cylindrical bronchiectasis: diagnostic findings on
thin-section CT. AJR Am J Roentgenol 1997;168:751—4.

Lucidarme 0, Grenier P, Coche E, et al. Bronchiectasis: comparative assessment
with thin-section CT and helical CT. Radiology 1996;200:673—9.

Marti Bonmati L, Catala FJ, Ruiz Perales F. Computed tomography differentiation
between cystic bronchiectasis and bullae. J Thorac Imaging 1991;7:83—5.

Remy Jardin M, Amara A, Campistron P, et al. Diagnosis of bronchiectasis with
multislice spiral CT: accuracy of 3-mm-thick structured sections. Eur Radiol
2003;13:1165—71.

Sung Yon M, Lee Kyung S, Yi Chin A, et al. Additional coronal images using
low-milliamperage multidetector-row computed tomography: effectiveness in the
diagnosis of bronchiectasis. J Comput Assist Tomagr 2003;27:490—5.

Yi Chin A, Lee Kyung S, Kim Tae S, et al. Multidetector CT of bronchiectasis: effect
of radiation dose on image quality. AJR Am J Roentgenol 2003;181:501—5.
Hoppe H, Walder B, Sonnenschein M, et al. Multidetector CT virtual bronchoscopy to
grade tracheobronchial stenosis. AJR Am J Roentgenol 2002;178:1195—200.
Simon M, Boiselle PM, Choi JR, et al. Paddle-wheel CT display of pulmonary
arteries and other lung structures: a new imaging approach. AJR Am J Roentgenol
2001;177:195—-8.

Kelly DM, Hasegawa |, Borders R, et al. High-resolution CT using MDCT:
comparison of degree of motion artifact between volumetric and axial methods.
AJR Am J Roentgenol 2004;182:757—9.

Schoepf UJ, Becker CR, Bruening RD, et al. Electrocardiographically gated thin-
section CT of the lung. Radiology 1999;212:649—54.

Garcia-Pena P, Lucaya J. HRCT in children: technique and indications. Eur Radiol
2004;14(Suppl) 4:L13—30.

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119



BTS guidelines

305.

306.

307.

308.

309.

310.

311.

312.

313.

314.

315.

316.

317.

318.

319.

320.

321.

322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

Lee EY, Siegel MJ, Hildebolt CF, et a/. MDCT evaluation of thoracic aortic
anomalies in pediatric patients and young adults: comparison of axial, multiplanar,
and 3D images. AJR Am J Roentgenol 2004;182:777—84.

Cody DD, Moxley DM, Krugh KT, et al. Strategies for formulating appropriate MDCT
techniques when imaging the chest, abdomen, and pelvis in pediatric patients. AJR
Am J Roentgenol 2004;182:849—59.

Worthy SA, Brown MJ, Muller NL. Technical report: Cystic air spaces in the lung:
change in size on expiratory high-resolution CT in 23 patients. Clin Radiol
1998;53:515—19.

Kang EY, Miller RR, Muller NL. Bronchiectasis: comparison of preoperative thin-
section CT and pathologic findings in resected specimens. Radiology
1995;195:649—54.

Bankier AA, Fleischmann D, Mallek R, et al. Bronchial wall thickness: appropriate
window settings for thin-section CT and radiologic-anatomic correlation. Radiology
1996;199:831—6.

Grenier P, Cordeau MP, Beigelman C. High-resolution computed tomography of the
airways. J Thorac Imaging 1993;8:213—29.

Diederich S, Jurriaans E, Flower CD. Interobserver variation in the diagnosis of
bronchiectasis on high- resolution computed tomography. Eur Radiol
1996;6:801—6.

Reiff DB, Wells AU, Carr DH, et al. CT findings in bronchiectasis: limited value in
distinguishing between idiopathic and specific types. Am J Roentgenol
1995;165:261—7.

Naidich DP, McCauley DI, Khouri NF, et al. Computed tomography of
bronchiectasis. J Comput Assist Tomogr 1982;6:437—44.

Kim JS, Muller NL, Park CS, et a/. Bronchoarterial ratio on thin section CT: comparison
between high altitude and sea level. J Comput Assist Tomogr 1997;21:306—11.
Remy-Jardin M, Remy J, Boulenguez C, et al. Morphologic effects of cigarette
smoking on airways and pulmonary parenchyma in healthy adult volunteers: CT
evaluation and correlation with pulmonary function tests. Radiology 1993;186:107—15.
Gruden JF, Webb WR. Identification and evaluation of centrilobular opacities on
high-resolution CT. Semin Ultrasound CT MR 1995;16:435—49.

Collins J, Blankenbaker D, Stern EJ. CT patterns of bronchiolar disease: what is
“tree-in-bud"? AJR Am J Roentgenol 1998;171:365—70.

Franquet T, Stern EJ. Bronchiolar inflammatory diseases: high-resolution CT
findings with histologic correlation. Eur Radiol 1999;9:1290—303.

Cartier Y, Kavanagh PV, Johkoh T, et a/. Bronchiectasis: accuracy of high-resolution CT in
the differentiation of specific diseases. Am J Roentgenol 1999;173:47—52.

Curtin JJ, Webster AD, Farrant J, et al. Bronchiectasis in
hypogammaglobulinaemia—a computed tomography assessment. Clin Radiol
1991;44:82—4.

Lee PH, Carr DH, Rubens MB, et al. Accuracy of CT in predicting the cause of
bronchiectasis. Clin Radiol 1995;50:839—41.

Lynch DA, Simone PM, Fox MA, et al. CT features of pulmonary Mycobacterium
avium complex infection. J Comput Assist Tomogr 1995;19:353—60.

Swensen SJ, Hartman TE, Williams DE. Computed tomographic diagnosis of
Mycobacterium avium-intracellulare complex in patients with bronchiectasis. Chest
1994,;105:49—52.

Cole P, Flower C, Lavender JP. Clinical and imaging aspects of bronchiectasis. In:
Potchen EJ, Grainger RG, Greene R, eds. Pulmonary radiology: the Fleischner
Society. Philadelphia: WB Saunders, 1993:242—58.

Ward S, Heyneman L, Lee MJ, et al. Accuracy of CT in the diagnosis of allergic
bronchopulmonary aspergillosis in asthmatic patients. AJR Am J Roentgenol
1999;173:937—-42.

Nadel HR, Stringer DA, Levison H, et al. The immaotile cilia syndrome: radiological
manifestations. Radiology 1985;154:651—5.

Hansell DM, Strickland B. High-resolution computed tomography in pulmonary
cystic fibrosis. Br J Radiol 1989;62:1—5.

Gurney JW, Habbe TG, Hicklin J. Distribution of disease in cystic fibrosis:
correlation with pulmonary function. Chest 1997;112:357—62.

Woodring JH, Howard RS 2nd, Rehm SR. Congenital tracheobronchomegaly
(Mounier-Kuhn syndrome): a report of 10 cases and review of the literature.

J Thorac Imaging 1991;6:1—10.

Loubeyre P, Paret M, Revel D, et al. Thin-section CT detection of emphysema
associated with bronchiectasis and correlation with pulmonary function tests. Chest
1996;109:360—5.

Lynch DA, Newell J, Hale V, et al. Correlation of CT findings with clinical
evaluations in 261 patients with symptomatic bronchiectasis. AJR Am J Roentgenol
1999;173:53—8.

Bhalla M, Turcios N, Aponte V, et al. Cystic fibrosis: scoring system with thin-
section CT. Radiology 1991;179:783—8.

Sheehan RE, Wells AU, Copley SJ, et al. A comparison of serial computed
tomography and functional change in bronchiectasis. Eur Respir J 2002;
20:581—7.

Helbich TH, Heinz-Peer G, Fleischmann D, et al. Evolution of CT findings in patients
with cystic fibrosis. AJR Am J Roentgenol 1999;173:81—8.

Shah RM, Sexauer W, Ostrum BJ, et al. High-resolution CT in the acute
exacerbation of cystic fibrosis: evaluation of acute findings, reversibility of

those findings, and clinical correlation. AJR Am J Roentgenol 1997;

169:375—80.

Maffessanti M, Candusso M, Brizzi F, et al. Cystic fibrosis in children: HRCT
findings and distribution of disease. J Thorac Imaging 1996;11:27—38.

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

337.

338.

339.

340.

341.

342.

343.

344.

345.

346.

347.

348.

349.

350.

351.

352.

353.

354.

355.

356.

357.

358.

359.

360.

361.

362.

363.

364.

365.

366.

367.

368.

369.

370.

371.

Nathanson |, Conboy K, Murphy S, et al. Ultrafast computerized tomography of
the chest in cystic fibrosis: a new scoring system. Pediatr Pulmonol
1991;11:81—6.

Santamaria F, Grillo G, Guidi G, et al. Cystic fibrosis: when should high-resolution
computed tomography of the chest be obtained? Pediatrics 1998;101:908—13.
Helbich TH, Heinz-Peer G, Eichler I, et al. Cystic fibrosis: CT assessment of lung
involvement in children and adults. Radiology 1999;213:537—44.

Brody AS, Molina PL, Klein JS, et al. High-resolution computed tomography of the
chest in children with cystic fibrosis: support for use as an outcome surrogate.
Pediatr Radiol 1999;29:731—5.

de Jong PA, Ottink MD, Robben SG, et al. Pulmonary disease assessment in cystic
fibrosis: comparison of CT scoring systems and value of bronchial and arterial
dimension measurements. Radiology 2004;231:434—9.

Angrill J, Agusti C, de Celis R, et al. Bacterial colonisation in patients with
bronchiectasis: microbiological pattern and risk factors. Thorax 2002;57:15—19.
Chan CH, Ho AK, Chan RC, et al. Mycobacteria as a cause of infective exacerbation
in bronchiectasis. Postgrad Med J 1992;68:896—9.

Evans SA, Turner SM, Bosch BJ, et al. Lung function in bronchiectasis: the
influence of Pseudomonas aeruginosa. Eur Respir J 1996;9:1601—4.

Bilton D, Pye A, Johnson MMM, et al. The isolation and characterization of non-
typeable Haemophilus influenzae from the sputum of adult cystic fibrosis patients.
Eur Respir J 1995;8:948—53.

Health Protection Agency. National Standard Operating Procedures —
Bacteriology. Health Protection Agency, 2003.

Koh YY, Lee MH, Sun YH, et al. Effect of roxithromycin on airway responsiveness in
children with bronchiectasis: a double-blind, placebo-controlled study. Eur Respir J
1997;10:994—9.

Landau LI, Phelan PD, Williams HE. Ventilatory mechanics in patients with
bronchiectasis starting in childhood. Thorax 1974,29:304—12.

Bahous J, Cartier A, Pineau L, et al. Bronchiectasis, congenital and acquired
Pulmonary function tests and airway responsiveness to methacholine in chronic
bronchiectasis of the adult. BMJ 1979;1:1380.

Bahous J, Cartier A, Pineau L, et al. Pulmonary function tests and airway
responsiveness to methacholine in chronic bronchiectasis of the adult. Bull Eur
Physiopathol Respir 1984;20:375—80.

Cherniack NS, Carton RW. Factors associated with respiratory insufficiency in
bronchiectasis. Am J Med 1966;41:562—71.

Hassan JA, Saadiah S, Roslan H, et al. Bronchodilator response to inhaled beta-2
agonist and anticholinergic drugs in patients with bronchiectasis. Respirology
1999;4:423—6.

Hill SL, Stockley RA. Effect of short and long term antibiotic response on lung
function in bronchiectasis. Thorax 1986;41:798—800.

Ip M, Lam WK, So SY, et al. Analysis of factors associated with bronchial
hyperreactivity to methacholine in bronchiectasis. Lung 1991;169:43—51.
Koulouris NG, Retsou S, Kosmas E, et a/. Tidal expiratory flow limitation, dyspnoea
and exercise capacity in patients with bilateral bronchiectasis. Eur Respir J
2003;21:743-8.

Nogrady SG, Evans WV, Davies BH. Reversibility of airways obstruction in
bronchiectasis. Thorax 1978;33:635—7.

Pande JN, Jain BP, Gupta RG, et al. Pulmonary ventilation and gas exchange in
bronchiectasis. Thorax 1971;26:727—33.

Pang J, Chan HS, Sung JY. Prevalence of asthma, atopy, and bronchial
hyperreactivity in bronchiectasis: a controlled study. Thorax 1989;44:948—51.
Cherniack N, Vosti KL, Saxton GA, et al. Pulmonary function tests in fifty patients
with bronchiectasis. J Lab Clin Med 1959;53:693—707.

Bjorkander J, Bake B, Hanson LA. Primary hypogammaglobulinaemia: impaired
lung function and body growth with delayed diagnosis and inadequate treatment.
Eur J Respir Dis 1984;65:529—36.

Bjorkander J, Bake B, Hanson LA. Bronchitis in patients with hypogammaglobulinemia
and other immunodeficiencies. Eur J Respir Dis Suppl 1982;118:97—9.

Bass H, Whitcomb JF, Forman R. Exercise training: therapy for patients with
chronic obstructive pulmonary disease. Chest 1970;57:116—21.

Hung TC, Lin HC, Lin KJ, et al. 133Xenon ventilation scan as a functional
assessment in bronchiectasis. Changgeng Yi Xue Za Zhi 1998;21:403—8.
Swaminathan S, Kuppurao KV, Somu N, et al. Reduced exercise capacity in non-
cystic fibrosis bronchiectasis. Indian J Pediatr 2003;70:553—6.

Newall C, Henson M, McConnell AK, et al. The effect of inspiratory muscle training
(IMT) on pulmonary function, exercise tolerance and quality of life in patients with
bronchiectasis (BE). Eur Respir J 2000;16(Suppl 31):36s.

Newall C, Henson M, McConnell AK, et al. The effects of pulmonary rehabilitation
(PR) in patients with bronchiectasis (BE). Eur Respir J 2000;16(Suppl 31):330s.
Hill SL, Burnett D, Hewetson KA, et al. The response of patients with purulent
bronchiectasis to antibiotics for four months. Q J Med 1988;66:163—73.

Hill SL, Morrison HM, Burnett D, et al. Short term response of patients with
bronchiectasis to treatment with amoxycillin given in standard or high doses orally
or by inhalation. Thorax 1986;41:559—65.

Tageldin MA, Palmer LB, El Tayeb MN, et al. Nebulizer therapy with antibiotics in
chronic suppurative lung disease. J Aerosol Med 1994;7:345—50.

Young Whan K, Yeon Mok O, Man Pyo J, et al. The effect of low-dose longterm
erythromycin on bronchiectasis. Tuberc Respir Dis 1993;40:390—4.

Fox RE, Dowling HF, Saxton GA Jr. Treatment of bronchiectasis and chronic
bronchitis with intravenous tetracycline. Antibiot Annu 1956:349—54.

145



BTS guidelines

372.

373.

374.

375.

376.

377.

378.

379.

380.

381.

382.

383.

384.

385.

386.

387.

388.

389.

390.

391.

392.

393.

394.

395.

396.

397.

398.

399.

400.

401.

402.

146

Cherniack NS, Dowling HF, Carton RW, et al. The role of acute lower respiratory
infection in causing pulmonary insufficiency in bronchiectasis. Ann Intern Med
1967,66:489—97.

Keistinen T, Sdyndjakangas O, Tuuponen T, et al. Bronchiectasis: an orphan
disease with a poorly-understood prognosis. Eur Respir J 1997;10:2784—7.
Cherniack NS, Vosti KL, Dowling HF, et al. Long-term treatment of bronchiectasis
and chronic bronchitis; a controlled study of the effects of tetracycline, penicillin,
and an oleandomycinpenicillin mixture. AMA Arch Intern Med 1959;103:345—53.
King PT, Holdsworth SR, Freezer NJ, et al. Outcome in adult bronchiectasis. COPD
2005;2:27—34.

Mahadeva R, Webb K, Westerbeek RC, et al. Clinical outcome in relation to care in
centres specialising in cystic fibrosis: cross sectional study. BMJ
1998;316:1771—5.

French J, Bilton D, Campbell F. Nurse specialist care for bronchiectasis. Cochrane
Database Syst Rev 2003(3):CD004319.

Patterson JE, Bradley JV, Elborn JS. Airway clearance in bronchiectasis:

a randomized crossover trial of active cycle of breathing techniques (incorporating
postural drainage and vibration) versus test of incremental respiratory endurance.
Chron Respir Dis 2004;1:127—30.

Thompson CS, Harrison S, Ashley J, et al. Randomised crossover study of the
Flutter device and the active cycle of breathing technique in non-cystic fibrosis
bronchiectasis. Thorax 2002;57:446—8.

Eaton T, Young P, Zeng |, et al. A randomized evaluation of the acute efficacy,
acceptability and tolerability of flutter and active cycle of breathing with and without
postural drainage in non-cystic fibrosis bronchiectasis. Chron Respir Dis
2007;4:23-30.

Tsang SM, Jones AY. Postural drainage or Flutter(R) device in conjunction with
breathing and coughing compared to breathing and coughing alone in improving
secretion removal and lung function in patients with acute exacerbation of
bronchiectasis: a pilot study. Hong Kong Physiother J 2003;21:29—36.
Patterson JE, Bradley JM, Hewitt O, et al. Airway clearance in bronchiectasis:
a randomized crossover trial of active cycle of breathing techniques versus Acapella.
Respiration 2005;72:239—42.

Cecins NI, Jenkins SC, Pengelley J, et al. The active cycle of breathing
techniques—to tip or not to tip? Respir Med 1999;93:660—5.

0'Neill B, Bradley JM, McArdle N, et al. The current physiotherapy management of
patients with bronchiectasis: a UK survey. Int J Clin Pract 2002;56:34—5.
Sutton PP, Gemmell HG, Innes N, et al. Use of nebulised saline and nebulised
terbutaline as an adjunct to chest physiotherapy. Thorax 1988;43:57—60.

Pryor JA, Webber BA, Bethune D, et al. Physiotherapy techniques. In: Pryor JA,
Prasad SA, eds. Physiotherapy for respiratory and cardiac problems. London:
Churchill Livingstone, 2002:161—242.

Nakamura S, Mikami M, Kawakami M, et a/. Comparative evaluation of the Flutter
and Cornet in improving the cohesiveness of sputum from patients with
bronchiectasis. Fur Respir J 1998;12(Suppl 28):212—13S.

Schoni MH. Autogenic drainage: a modern approach to physiotherapy in cystic
fibrosis. J R Soc Med 1989;82(Suppl 16):32—7.

Piper AJ, Parker S, Torzillo PJ, et al. Nocturnal nasal IPPV stabilizes patients with
cystic fibrosis and hypercapnic respiratory failure. Chest 1992;102:846—50.
Kellett F, Redfern J, Niven RM. Evaluation of nebulised hypertonic saline (7%) as
an adjunct to physiotherapy in patients with stable bronchiectasis. Respir Med
2005;99:27—-31.

Suri R, Wallis C, Bush A. Tolerability of nebulised hypertonic saline in children with
cystic fibrosis. Pediatr Pulmonol 2000;30(Suppl 20):446—8.

Conway JH, Fleming JS, Perring S, et a/. Humidification as an adjunct to chest
physiotherapy in aiding tracheo-bronchial clearance in patients with bronchiectasis.
Respir Med 1992;86:109—14.

Wills P, Greenstone M. Inhaled hyperosmolar agents for bronchiectasis. Cochrane
Database Syst Rev 2002(1):CD002996.

Sukumalchantra Y, Park SS, Williams MH Jr. The effect of intermittent positive
pressure breathing (IPPB) in acute ventilatory failure. Am Rev Respir Dis
1965;92:885—93.

Ayres SM, Kozam RL, Lukas DS. The effects of intermittent positive pressure
breathing on intrathoracic pressure, pulmonary mechanics, and the work of
breathing. Am Rev Respir Dis 1963;87:370—9.

Dodd ME, Webb AK. Bronchiectasis, primary ciliary dyskinesia and cystic fibrosis.
In: Pryor JA, Prasad SA, eds. Physiotherapy for respiratory and cardiac problems.
London: Churchill Livingstone, 2002:581—617.

Bradley J, Moran F, Greenstone M. Physical training for bronchiectasis. Cochrane
Database Syst Rev 2002(3):CD002166.

Newall C, Stockley RA, Hill SL. Exercise training and inspiratory muscle training in
patients with bronchiectasis. Thorax 2005;60:943—8.

Wills PJ, Wodehouse T, Corkery K, et al. Short-term recombinant human DNase in
bronchiectasis. Effect on clinical state and in vitro sputum transportability. Am J
Respir Crit Care Med 1996;154:413—17.

Anderson J, Eiser NM, Mills JG. Effect of H1- and H2-receptor antagonists on
sputum volume and lung function in patients with generalized bronchiectasis. Br J
Dis Chest 1985;79:272—4.

Crockett AJ, Cranston JM, Latimer KM, et al. Mucolytics for bronchiectasis.
Cochrane Database Syst Rev 2001(1):CD001289.

Currie DC, Pavia D, Agnew JE, et al. Impaired tracheobronchial clearance in
bronchiectasis. Thorax 1987;42:126—30.

403.

404.

405.

406.

407.

408.

409.

410.

a1,

412.

413.

414.

415.

416.

a17.

418.

419.

420.

421.

422.

423.

424.

425.

426.

427.

428.

429.

430.

431.

432.

433.

434.

435.

Daviskas E, Anderson SD, Eberl S, et al. Inhalation of dry powder mannitol
improves clearance of mucus in patients with bronchiectasis. Am J Respir Crit Care
Med 1999;159:1843—8.

Daviskas E, Anderson SD, Eberl S, et al. The 24-h effect of mannitol on the
clearance of mucus in patients with bronchiectasis. Chest 2001;119:414—21.
Desai M, Weller PH, Spencer DA. Clinical benefit from nebulized human
recombinant DNase in Kartagener's syndrome. Pediatr Pulmonol 1995;20:307—8.
Isawa T, Teshima T, Hirano T, et al. Mucaociliary clearance and transport in
bronchiectasis: global and regional assessment. J Nucl Med 1990;31:543—8.
Olivieri D, Ciaccia A, Marangio E, et al. Role of bromhexine in exacerbations of
bronchiectasis. Double-blind randomized multicenter study versus placebo.
Respiration 1991;58:117—21.

Rutland J, Marriott C, Cole PJ. A study of the activity of mucodyne

in bronchiectasis. Forum Series. London: Royal Society of Medicine, 1982;5:11—16.
Shibuya Y, Wills PJ, Cole PJ. The effect of erythromycin on mucociliary
transportability and rheology of cystic fibrosis and bronchiectasis sputum.
Respiration 2001;68:615—19.

Tamaoki J, Chiyotani A, Kobayashi K, et a/. Effect of indomethacin on bronchorrhea
in patients with chronic bronchitis, diffuse panbronchiolitis, or bronchiectasis. Am
Rev Respir Dis 1992;145:548—25.

Sahay JN, Chatterjee SS, Ingram DF. The effect of methyl cysteine (visclear) in
respiratory diseases. Clin Trials J 1982;19:137—43.

Ratjen F. Dornase in non-CF. Pediatr Pulmonol Suppl 2004;26:154—5.

Abu Hassan J, Saadiah S, Roslan H, et al. Bronchodilator response to inhaled beta-
2 agonist and anticholinergic drugs in patients with bronchiectasis. Respirology
1999;4:423—6.

Franco F, Sheikh A, Greenstone M. Short acting beta-2 agonists for bronchiectasis.
Cochrane Database Syst Rev 2003(3):CD003572.

Lasserson T, Holt K, Evans D, et al. Anticholinergic therapy for bronchiectasis.
Cochrane Database Syst Rev 2001(4):CD002163.

Sheikh A, Nolan D, Greenstone M. Long-acting beta-2-agonists for bronchiectasis.
Cochrane Database Syst Rev 2001(4):CD002155.

Steele K, Greenstone M, Lasserson JA. Oral methyl-xanthines for bronchiectasis.
Cochrane Database Syst Rev 2001(1):CD002734.

Tsang KW, Tan KC, Ho PL, et a/. Inhaled fluticasone in bronchiectasis: a 12 month
study. Thorax 2005;60:239—43.

Elborn JS, Johnston B, Allen F, et al. Inhaled steroids in patients with
bronchiectasis. Respir Med 1992;86:121—4.

Martinez-Garcia MA, Perpina-Tordera M, Roman-Sanchez P, et al. Inhaled
steroids improve quality of life in patients with steady-state bronchiectasis. Respir
Med 2006;100:1623—32.

Tsang KW, Ho PL, Lam WK, et al. Inhaled fluticasone reduces sputum
inflammatory indices in severe bronchiectasis. Am J Respir Crit Care Med
1998;158:723—7.

Ip M, So SY, Lam WK, et al. Nedocromil sodium in the management of chronic
bronchial infection. J Clin Pharm Ther 1993;18:337—41.

Llewellyn Jones CG, Johnson MM, Mitchell JL, et al. In vivo study of
indomethacin in bronchiectasis: effect on neutrophil function and lung secretion. Eur
Respir J 1995;8:1479—87.

Douglas AC, Somner AR, Marks BL, et al. Effect of antibiotics on purulent sputum
in chronic bronchitis and bronchiectasis. Lancet 1957;273:214—18.

Lam WK, Chau PY, So SY, et al. A double-blind randomized study comparing
ofloxacin and amoxicillin in treating infective episodes in bronchiectasis. /nfection
1986;14(Suppl 4):S290—2.

Pines A, Raafat H, Plucinski K, et al. Cephaloridine compared with penicillin and
streptomycin in chronic purulent bronchitis. Controlled trials of increasing dosage of
cephaloridine. Br J Dis Chest 1967,61:101—10.

Pines A, Raafat H, Siddiqui GM, et al. Treatment of severe pseudomonas infections
of the bronchi. BMJ 1970;1:663—5.

Davies BI, Maesen FP, van Noord JA. Treatment of chronic and recurrent
respiratory infections with intramuscular ceftazidime. J Antimicrob Chemother
1983;12(Suppl A):1-8.

Ip M, Shum D, Lauder |, et a/. Effect of antibiotics on sputum inflammatory contents
in acute exacerbations of bronchiectasis. Respir Med 1993;87:449—54.

Pines A, Khaja G, Raafat H, et al. Preliminary clinical experience with ticarcillin
(BRL 2288) in 101 patients treated for severe respiratory infections. Chemotherapy
1974;20:39—44.

Darley ES, Bowker KE, Lovering AM, et al. Use of meropenem 3 g once daily for
outpatient treatment of infective exacerbations of bronchiectasis. J Antimicrob
Chemother 2000;45:247—50.

Bilton D, Henig N, Morrissey B, et al. Addition of inhaled tobramycin to
ciprofloxacin for acute exacerbations of Pseudomonas aeruginosa infection in adult
bronchiectasis. Chest 2006;130:1503—10.

Deshpande A, Pant C, Jain A, et al. Do fluoroquinolones predispose patients to
Clostridium difficile associated disease? A review of the evidence. Curr Med Res
Opin 2008;24:329—33.

Loo VG, Poirier L, Miller MA, et al. A predominantly clonal multi-institutional
outbreak of Clostridium difficile-associated diarrhea with high morbidity and
mortality. N Engl J Med 2005;353:2442—9.

Gold R, Overmeyer A, Knie B, et al. Controlled trial of ceftazidime vs. ticarcillin and
tobramycin in the treatment of acute respiratory exacerbations in patients with
cystic fibrosis. Pediatr Infect Dis 1985;4:172—7.

Thorax 2010;65:i1—i58. doi:10.1136/thx.2010.136119



BTS guidelines

436.

437.

438.

439.

440.

441.

442.

443.

444.

445.

446.

447.

448.

449.

450.

451.

452.

453.

454.

455.

456.

457.

458.

459.

460.

461.

462.

463.

464.

465.

466.

467.

Smith AL, Doershuk C, Goldmann D, et al. Comparison of a beta-lactam alone
versus beta-lactam and an aminoglycoside for pulmonary exacerbation in cystic
fibrosis. J Pediatr 1999;134:413—21.

Elphick HE, Tan A. Single versus combination intravenous antibiotic therapy for
people with cystic fibrosis. Cochrane Database Syst Rev 2001(1):CD002007.
British Thoracic Society Research Committee. Ceftazidime compared with
gentamicin and carbenicillin in patients with cystic fibrosis, pulmonary pseudomonas
infection, and an exacerbation of respiratory symptoms. Thorax 1985;40:358—63.
Doring G, Conway SP, Heilerman HG, et al. Antibiotic therapy against
Pseudomonas aeruginosa in cystic fibrosis: a European consensus. Eur Respir

J 2000;16:749—67.

Medical Research Council. Prolonged antibiotic treatment of severe
bronchiectasis; a report by a subcommittee of the Antibiotics Clinical Trials
(non-tuberculous) Committee of the Medical Research Council. BMJ 1957;
2:255-9.

Dowling HF, Mellody M, Lepper MH, et al. Bacteriologic studies of the sputum in
patients with chronic bronchitis and bronchiectasis. Results of continuous therapy
with tetracycline, penicillin, or an oleandomycin-penicillin mixture. Am Rev Respir
Dis 1960;81:329—39.

Sobel S, Lichter EA, Davis JC 3rd, et al. Adverse reactions to tetracycline, penicillin
and an oleandomycin-penicillin mixture used in the long-term therapy of chronic
pulmonary disease. Am J Med Sci 1962;243:341—53.

Currie DC, Garbett ND, Chan KL, et al. Double-blind randomized study of
prolonged higher-dose oral amoxycillin in purulent bronchiectasis. Q J Med
1990;76:799—816.

Stockley RA, Hill SL, Morrison HM. Effect of antibiotic treatment on sputum
elastase in bronchiectatic outpatients in a stable clinical state. Thorax
1984,39:414—19.

Cymbala AA, Edmonds LC, Bauer MA, et al. The disease-modifying effects of
twice-weekly oral azithromycin in patients with bronchiectasis. Treat Respir Med
2005;4:117—-22.

Davies G, Wilson R. Prophylactic antibiotic treatment of bronchiectasis with
azithromycin. Thorax 2004;59:540—1.

Orriols R, Roig J, Ferrer J, et al. Inhaled antibiotic therapy in non-cystic fibrosis
patients with bronchiectasis and chronic bronchial infection by Pseudomonas
aeruginosa. Respir Med 1999;93:476—80.

Drobnic ME, Sune P, Montoro JB, et al. Inhaled tobramycin in non-cystic fibrosis
patients with bronchiectasis and chronic bronchial infection with Pseudomonas
aeruginosa. Ann Pharmacother 2005;39:39—44.

Lin HC, Cheng HF, Wang CH, et al. Inhaled gentamicin reduces airway neutrophil
activity and mucus secretion in bronchiectasis. Am J Respir Crit Care Med
1997;155:2024—9.

Barker AF, Couch L, Fiel SB, et al. Tobramycin solution for inhalation reduces
sputum Pseudomonas aeruginosa density in bronchiectasis. Am J Respir Crit Care
Med 2000;162:481—5.

Stockley RA, Hill SL, Burnett D. Nebulized amoxicillin in chronic purulent
bronchiectasis. Clin Ther 1985;7:593—9.

Scheinberg P, Shore E. A pilot study of the safety and efficacy of tobramycin
solution for inhalation in patients with severe bronchiectasis. Chest
2005;127:1420—6.

Steinfort DP, Steinfort C. Effect of long-term nebulized calistin on lung function and
quality of life in patients with chronic bronchial sepsis. Intern Med J
2007;37:495—8.

Morrissey BM, Harper RW. Bronchiectasis: sex and gender considerations. Clin
Chest Med 2004;25:361—72.

Kaplan SL. Review of antibiotic resistance, antibitiotic treatment and prevention of
pneumococcal pneumonia. Paediatr Respir Rev 2004;5(Suppl A):S153—8.
Maziéres J, Murris M, Didier A, et al. Limited operation for severe multisegmental
bilateral bronchiectasis. Ann Thorac Surg 2003;75:382—7.

Remy Jardin M, Remy J, Artaud D, et al. Volume rendering of the tracheobronchial
tree: Clinical evaluation of bronchographic images. Radiology 1998;208:761—70.
Ripe E. Bronchiectasis. I. A follow-up study after surgical treatment. Scand J Respir
Dis 1971;52:96—112.

Ripe E. Late results after surgical treatment of bronchiectasis. Bronches
1971;21:240—57.

Sanderson JM, Kennedy MC, Johnson MF, et al. Bronchiectasis: results of surgical
and conservative management. A review of 393 cases. Thorax 1974,29:407—16.
Wilson JF, Decker AM. The surgical management of childhood bronchiectasis.
A review of 96 consecutive pulmonary resections in children with nontuberculous
bronchiectasis. Ann Surg 1982;195:354—63.

Zamir 0, Lernau OZ, Springer C, et al. Lung resection for bronchiectasis in children.
Zeitschr Kinderchirurg 1987,42:282—5.

Schneiter D, Meyer N, Lardinois D, et al. Surgery for non-localized bronchiectasis.
Br J Surg 2005;92:836—9.

Balkanli K, Genc O, Dakak M, et al. Surgical management of bronchiectasis: analysis
and short-term results in 238 patients. Eur J Cardiothorac Surg 2003;24:699—702.
Kutlay H, Cangir AK, Enon S, et al. Surgical treatment in bronchiectasis: analysis of
166 patients. Eur J Cardiothorac Surg 2002;21:634—7.

Petrov D, Stanoev V, Plochev M, et a/. [Indications for the surgical treatment in
bronchiectasis and postoperative results]. Khirurgiia (Sofiia) 2004;60:15—18.
Prieto D, Bernardo J, Matos MJ, et al. Surgery for bronchiectasis. Fur J
Cardiothorac Surg 2001;20:19—23; discussion 23—4.

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

468.

469.

470.

471.

472.

473.

474.

475.

476.

a77.

478.

479.

480.

481.

482.

483.

484.

485.

486.

487.

488.

489.

490.

491.

492.

493.

494,

495.

496.

497.

498.

499.

500.
501.

Meléndez Torres JR, Padua y Gabriel A, Velasco Rodriguez VM, et al. Survival
after bronchial artery embolization in massive hemoptysis: experience in 24 cases.
J Bronchol 2003;10:17—21.

Rabkin JE, Astafiev YI, Gothman LN, et al. Transcatheter embolization in the
management of pulmonary hemorrhage. Radiology 1987;163:361—5.

Sharma S, Kothari SS, Bhargava AD, et al. Transcatheter indigeneous coil
embolization in recurrent massive hemoptysis secondary to post-tubercular
bronchiectasis. J Assoc Physicians India 1995;43:127—9.

Wong ML, Szkup P, Hopley MJ. Percutaneous embolotherapy for life-threatening
hemoptysis. Chest 2002;121:95—102.

Thompson JW, Nguyen CD, Lazar RH, et al. Evaluation and management of
hemoptysis in infants and children. A report of nine cases. Ann Otol Rhinol Laryngol
1996;105:516—20.

Barben JU, Ditchfield M, Carlin JB, et al. Major haemoptysis in children with cystic
fibrosis: a 20-year retrospective study. J Cyst Fibros 2003;2:105—11.

Benhamou D, Muir JF, Raspaud C, et al. Long-term efficiency of home nasal mask
ventilation in patients with diffuse bronchiectasis and severe chronic respiratory
failure: a case- control study. Chest 1997;112:1259—66.

Gacouin A, Desrues B, Léna H, et al. Long-term nasal intermittent positive
pressure ventilation (NIPPV) in sixteen consecutive patients with bronchiectasis:
a retrospective study. Eur Respir J 1996;9:1246—50.

Simonds AK, Elliott MW. Outcome of domiciliary nasal intermittent positive
pressure ventilation in restrictive and obstructive disorders. Thorax
1995;50:604—9.

Dupont M, Gacouin A, Lena H, et al. Survival of patients with bronchiectasis after
the first ICU stay for respiratory failure. Chest 2004;125:1815—20.
Saynajakangas 0, Keistinen T, et al. Bronchiectasis in Finland: trends in hospital
treatment. Respir Med 1997;91:395—8.

Saynajakangas 0, Keistinen T, Tuuponen T, et al. Evaluation of the incidence and
age distribution of bronchiectasis from the Finnish hospital discharge register. Cent
Eur J Public Health 1998;6:235—7.

Twiss J, Metcalfe R, Edwards E, et al. New Zealand national incidence of
bronchiectasis “too high” for a developed country. Arch Dis Child 2005;
90:737—40.

Weycker D, Edelsberg J, Oster G, et al. Prevalence and economic burden of
bronchiectasis. Am J Respir Crit Care Med 2004;169:A330.

Crofton J. Bronchiectasis. In: Crofton J, Douglas A, eds. Respiratory diseases.
3rd edn. Oxford: Blackwell Scientific 1981:417—30.

Martinez-Garcia MA, Soler-Cataluna JJ, Perpina-Tordera M, et al. Factors
associated with lung function decline in adult patients with stable non-cystic fibrosis
bronchiectasis. Chest 2007;132:1565—72.

Cazzola G, Valletta EA, Ciaffoni S, et al. Neutrophil function and humoral immunity
in children with recurrent infections of the lower respiratory tract and chronic
bronchial suppuration. Ann Allergy 1989;63:213—18.

Pettit SJ, Bourne H, Spickett GP. Survey of infection in patients receiving antibody
replacement treatment for immune deficiency. J Clin Pathol 2002;55:577—80.
Hilton AM, Doyle L. Immunological abnormalities in bronchiectasis with chronic
bronchial suppuration. Br J Dis Chest 1978;72:207—16.

(NICE) NIfCE. Chronic obstractive pulmonary disease: national clinical guideline for
management of chronic obstructive pulmonary disease in adults in primary and
secondary care. Thorax 2004;59(Suppl 1):1—232.

Wong You Cheong JJ, Leahy BC, Taylor PM, et al. Airways obstruction and
bronchiectasis: correlation with duration of symptoms and extent of bronchiectasis
on computed tomography. Clin Radiol 1992;45:256—9.

Pappas JN, Donnelly LF, Frush DP. Reduced frequency of sedation of young
children with multisection helical CT. Radiology 2000;215:897—9.

Sharples LD, Edmunds J, Bilton D, et al. A randomised controlled crossover trial of
nurse practitioner versus doctor led outpatient care in a bronchiectasis clinic. Thorax
2002;57:661—6.

Bott J, Moran F. Physiotherapy and NIPPV. In: Simonds AK, ed. Non-invasive
respiratory support. London: Chapman and Hall, 1995:133—42.

Kolbe J, Wells A, Ram FS. Inhaled steroids for bronchiectasis. Cochrane Database
Syst Rev 2000(2):CD000996.

Lasserson T, Holt K, Greenstone M. Oral steroids for bronchiectasis (stable and
acute exacerbations). Cochrane Database Syst Rev 2001(4):CD001262.

Corless JA, Warburton CJ. Leukotriene receptor antagonists for non-cystic fibrosis
bronchiectasis. Cochrane Database Syst Rev 2000(4):CD002174.

BNF for children, London: BMJ Publishing Group, RPS Publishing and RCPCH
Publications, 2009.

Amsden GW. Anti-inflammatory effects of macrolides: an underappreciated
benefit in the treatment of community-acquired respiratory tract infections and
chronic inflammatory pulmonary conditions? J Antimicrob Chemother
2005;55:10—21.

Parnham MJ. Immunomodulatory effects of antimicrobials in the therapy of
respiratory tract infections. Curr Opin Infect Dis 2005;18:125—31.

Hatipoglu U, Rubinstein |. Low-dose, long-term macrolide therapy in asthma: an
overview. Clin Mol Allergy 2004;2:4.

Schultz MJ. Macrolide activities beyond their antimicrobial effects: macrolides in
diffuse panbronchiolitis and cystic fibrosis. J Antimicrob Chemother 2004,;54:21—8.
BNF. London: BMJ Publishing Group, 2010.

Evans DJ, Bara Al, Greenstone M. Prolonged antibiotics for purulent
bronchiectasis. Cochrane Database Syst Rev 2003(4):CD001392.

147



BTS guidelines

502.

503.

504.

505.

506.

507.

508.

509.

510.

511.

512.

513.

514.

515.

516.

517.

518.

519.

520.

521.

522.

523.

524.

525.

526.

527.

528.

529.

530.

531.

532.

533.

148

Henrichfreise B, \Wiegand |, Pfister W, et al. Resistance mechanisms of
multiresistant Pseudomonas aeruginosa strains from Germany and correlation with
hypermutation. Antimicrob Agents Chemother 2007;51:4062—70.

Radberg G, Nilsson LE, Svensson S. Development of quinolone-imipenem cross
resistance in Pseudomonas aeruginosa during exposure to ciprofloxacin. Antimicrob
Agents Chemother 1990;34:2142—7.

Gaillard EA, Carty H, Heaf D, et al. Reversible bronchial dilatation in children:
Comparison of serial high-resolution computer tomography scans of the lungs. Eur J
Radiol 2003;47:215—20.

Equi A, Balfour-Lynn IM, Bush A, et al. Long term azithromycin in children with
cystic fibrosis: a randomised, placebo-controlled crossover trial. Lancet
2002;360:978—84.

Saiman L, Marshall BC, Mayer-Hamblett N, et al. Azithromycin in patients with
cystic fibrosis chronically infected with Pseudomonas aeruginosa: a randomized
controlled trial. JAMA 2003;290:1749—56.

Hoiby N. Diffuse panbronchiolitis and cystic fibrosis: East meets West. Thorax
1994,49:531—2.

Twiss J, Bymes C, Johnson R, et a/. Nebulised gentamicin-suitable for childhood
bronchiectasis. Int J Pharm 2005;295:113—19.

Ramsey BW, Pepe MS, Quan JM, et al. Intermittent administration of inhaled
tobramycin in patients with cystic fibrosis. Cystic Fibrosis Inhaled Tobramycin Study
Group. N Engl J Med 1999;340:23—30.

Gruson D, Hilbert G, Vargas F, et al. Strategy of antibiotic rotation: long-term effect
on incidence and susceptibilities of Gram-negative bacilli responsible for ventilator-
associated pneumonia. Crit Care Med 2003;31:1908—14.

Hoffken G, Niederman MS. Nosocomial pneumonia: the importance of

a de-escalating strategy for antibiotic treatment of pneumonia in the ICU. Chest
2002;122:2183—96.

Hughes MG, Evans HL, Chong TW, et al. Effect of an intensive care unit rotating
empiric antibiotic schedule on the development of hospital-acquired infections on
the non-intensive care unit ward. Crit Care Med 2004;32:53—60.

Pechere JC. Rotating antibiotics in the intensive care unit: feasible, apparently
beneficial, but questions remain. Crit Care 2002;6:9—10.

Raymond DP, Pelletier SJ, Crabtree TD, et al. Impact of a rotating empiric
antibiotic schedule on infectious mortality in an intensive care unit. Crit Care Med
2001;29:1101-8.

Ho PL, Chan KN, Ip MS, et al. The effect of Pseudomonas aeruginosa infection on
clinical parameters in steady-state bronchiectasis. Chest 1998;114:1594—8.
Anon. Management of opportunist mycobacterial infections: Joint Tuberculosis
Committee Guidelines 1999. Subcommittee of the Joint Tuberculosis Committee of
the British Thoracic Society. Thorax 2000;55:210—18.

Griffith DE, Aksamit T, Brown-Elliott BA, et al. An official ATS/IDSA statement:
diagnosis, treatment, and prevention of nontuberculous mycobacterial diseases. Am
J Respir Crit Care Med 2007;175:367—416.

Agasthian T, Deschamps C, Trastek VF, et a/. Surgical management of
bronchiectasis. Ann Thorac Surg 1996;62:976—8.

Dogan R, Alp M, Kaya S, et al. Surgical treatment of bronchiectasis: a collective
review of 487 cases. Thorac Cardiovasc Surg 1989;37:183—6.

Fujimoto T, Hillejan L, Stamatis G. Current strategy for surgical management of
bronchiectasis. Ann Thorac Surg 2001;72:1711—15.

George SA, Leonardi HK, Overholt RH. Bilateral pulmonary resection for
bronchiectasis: a 40-year experience. Ann Thorac Surg 1979;28:48—53.
Halezeroglu S, Keles M, Uysal A, et al. Factors affecting postoperative morbidity
and mortality in destroyed lung. Ann Thorac Surg 1997;64:1635—8.

Borrie J, Lichter I. Surgical treatment of bronchiectasis: ten-year survey. BMJ
1965;5467:908—12.

Chiang TC, Kok VK, Tu HH, et al. Surgical treatment of bronchiectasis: 10 years’
experience. Zhonghua Yi Xue Za Zhi (Taipei) 1999;62:690—4.

Ashour M, Al Kattan K, Rafay MA, et al. Current surgical therapy for
bronchiectasis. World J Surg 1999;23:1096—104.

Ashour M, Al Kattan KM, Jain SK, et al. Surgery for unilateral bronchiectasis:
results and prognostic factors. Tuberc Lung Dis 1996;77:168—72.

Laros CD, Van den Bosch JM, Westermann CJ, et al. Resection of more than 10
lung segments. A 30-year survey of 30 bronchiectatic patients. J Thorac Cardiovasc
Surg 1988;95:119—23.

Vejlsted H, Hjelms E, Jacobsen 0. Results of pulmonary resection in cases of
unilateral bronchiectasis. Scand J Thorac Cardiovasc Surg 1982;16:81—5.

Leger P, Bedicam JM, Cornette A, et al. Nasal intermittent positive pressure
ventilation. Long-term follow-up in patients with severe chronic respiratory
insufficiency. Chest 1994;105:100—5.

Anon. International guidelines for the selection of lung transplant candidates.
The American Society for Transplant Physicians (ASTP)/American Thoracic
Society(ATS)/European Respiratory Society(ERS)/International Society for Heart
and Lung Transplantation(ISHLT). Am J Respir Crit Care Med

1998;158:335—9.

Sweet SC. Pediatric lung transplantation: update 2003. Pediatr Clin North Am
2003;50:1393—417, ix.

0'Driscoll BR, Howard LS, Davison AG. BTS guideline for emergency oxygen use in
adult patients. Thorax 2008;63(Suppl 6):vi1—68.

Dodd ME, Abbott J, Maddison J, et al. Effect of tonicity of nebulised colistin on
chest tightness and pulmonary function in adults with cystic fibrosis. Thorax
1997,52:656—8.

534.  Cunningham S, Prasad A, Collyer L, et al. Bronchoconstriction following nebulised
colistin in cystic fibrosis. Arch Dis Child 2001;84:432—3.

535.  Webb AK, Dodd M, Bush A. Nebulised antibiotics in cystic fibrosis and non-CF
bronchiectasis in childrena adults. In: Boe J, O'Driscoll R, Dennis J, eds. Practical
handbook of nebuliser therapy. London: Martin Dunitz, 2004.

536.  Webb AK, Dodd ME. Nebulised antibiotics for adults with cystic fibrosis. Thorax
1997;52(Suppl 2):S69—7.

537.  Boe J, Dennis JH, O'Driscoll BR, et al. European Respiratory Society Guidelines on
the use of nebulizers. Eur Respir J 2001;18:228—42.

538.  British Thoracic Society. BTS guidelines on current best practice for nebuliser
treatment. Thorax 1997;52(Suppl 2):S1—106.

539.  Cystic Fibrosis Trust. Antibiotic treatment for cystic fibrosis: London: Cystic
Fibrosis Trust, 2002.

540.  Lannefors L, Heslop K, Teirlinck C. Nebuliser systems, contamination, microbial
risks, cleaning and effect on function. Eur Respir Rev 2000;10:571—5.

541.  Hammond D. Home intravenous antibiotics: the safety factor. J Infus Nurs
1998;21:81—95.

542.  Marco T, Asensio O, Bosque M, et al. Home intravenous antibiotics for cystic
fibrosis. Cochrane Database Syst Rev 2000(4):CD001917.

543.  Wolter JM, Bowler SD, Nolan PJ, et al. Home intravenous therapy in cystic
fibrosis: a prospective randomized trial examining clinical, quality of life and cost
aspects. Eur Respir J 1997;10:896—900.

544.  Horn CK, Conway SP. Candidaemia: risk factors in patients with cystic fibrosis
who have totally implantable venous access systems. J Infect
1993;26:127—32.

545.  Burdon J, Conway SP, Murchan P, et al. Five years’ experience of PAS Port
intravenous access system in adult cystic fibrosis. Eur Respir J
1998;12:212—16.

546.  Kock HJ, Pietsch M, Krause U, et al. Implantable vascular access systems:
experience in 1500 patients with totally implanted central venous port systems.
World J Surg 1998;22:12—16.

547.  Di Carlo I, Cordio S, La Greca G, et al. Totally implantable venous access devices
implanted surgically: a retrospective study on early and late complications. Arch
Surg 2001;136:1050—3.

548.  Stockton P, Cowperthwaite C, Meaden B, et a/. Results of extending the flush time
interval of Portacaths in CF patients. Thorax 1999;54(Suppl 3):A67.

549.  Rosenfeld M, Emerson J, Accurso F, et al. Diagnostic accuracy of oropharyngeal
cultures in infants and young children with cystic fibrosis. Pediatr Pulmonol
1999;28:321-8.

APPENDIX 1: NEBULISED AND INTRAVENOUS ANTIBIOTICS:
A PRACTICAL GUIDE TO ADMINISTRATION

Nebulised antibiotics

How do you assess a patient for nebulised antibiotics?

Before a patient is commenced on regular nebulised antibiotics at home, a test dose

assessment should be undertaken in hospital when the patient’s condition is stable as

bronchospasm can occur when nebulised antibiotics are administered.>*® %% Any
allergies should be noted before undertaking the test. Baseline spirometry should be

performed at baseline (pre-dose) and then at 15 and 30 min after the test dose.>®® 5%

Good practice points

> A test dose should be given to identify problems with bronchospasm (box 6).

» Alert the patient to the possibility of bronchospasm developing after
commencement of regular dosing and advise cessation of the drug were this to
oceur.

» Ensure patients have appropriate support once commenced on nebulised
antibiotic.

How do you ensure effective delivery of nebulised antibiotic therapy?

Effective therapy is determined by an efficient delivery system, the characteristics of

the drug particle size, deposition pattern, dose and pharmacokinetics, the age of the

patient, degree of airways narrowing, breathing patterns and adherence to treatment.

All of these factors influence the efficacy of the therapy.>*® ®* A BTS guideline on

current best practice for nebuliser treatment has been published.>*®

Good practice points

> A chest physician should assess whether nebulised antibiotics are indicated.

» A multidisciplinary team including a chest physician, physiotherapist and
respiratory nurse should coordinate the care of the patient.

> Reference should be made to BTS guidelines on nebuliser treatment.5%®

What nebuliser equipment should be used for nebulising antibiotics?
Compressors and nebuliser tested to British and European standards should be used.
The British Standard BS7711 part 3: Respiratory therapy equipment specification for
gas powered nebulisers for the delivery of drugs specifies that the minimum
performance and safety requirements for gas powered nebulisers include:

> Leakage not exceeding 5% of the maximum fill.
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» The nebuliser (or packaging) must be marked with the manufacturer’s identity, lot
number, recommended driving gas flow and the maximum filling level of the liquid
container.

» The respirable fraction of aerosol must be at least 50% at each of the
recommended flows.

» Suitability of the nebuliser for use with anaesthetic breathing systems and/or

ventilators.

The nebuliser manufacturer must supply the following information:

A description of the intended use.

Suitability of the nebuliser for use with anaesthetic breathing systems and/or

ventilators.

» Minimum, maximum and recommended driving gas flows and the driving gas

pressures corresponding to these.

The respirable output at minimum, maximum and recommended flows.

» The distribution of aerosol particle size at the manufacturer's recommended driving
gas flow.

» The residual volume (by weight) left in the nebuliser at each driving gas flow.

» Any contraindications to the use of the nebuliser.

Light, quiet, reliable and robust equipment that is easy to maintain is preferable.
A breath-assisted venturi nebuliser (with a mouthpiece and a filter system) with
a compressor producing a flow rate of 6 I/min is a suitable system.>*’

The compressor should be cleaned as appropriate and checked for safety and
efficiency in accordance with the manufacturer's recommendations.®®® This will
usually entail washing the nebuliser chamber with warm soapy water. Nebulisation
should take no longer than 10 min in order to ensure maximum compliance.5®®
Needles, syringes and sharps boxes should be provided.>%

Good practice points

» Equipment tested to British and European standards should be used.

» A breath-assisted venturi nebuliser and filter system should be used with
a compatible compressor producing a flow rate at 6 |/min and nebulisation should
take no longer than 10 min in order to ensure maximum compliance.

» Equipment should be cleaned and maintained according to manufacturers’
recommendations.

vy

v

How do you reconstitute antibiotics for nebulisation?

Antibiotics are available as solutions or powder. How they are reconstituted will vary

depending on the drug used. The manufacturer's instructions should be consulted.

They are usually reconstituted as a solution using saline or water as a diluent to

a volume of 3—4 ml.%*® The commonly nebulised antibiotics and their preparation is

shown in table AVIIl (Appendix 2).

Good practice point

> Antibiotics are usually reconstituted as a solution using saline or water as a diluent
to a volume of 3—4 ml (more for higher doses).

How should the nebuliser equipment be cleaned and maintained?
Nebulisers may act as a source of bacterial contamination.®*® The ideal standards and
methods for cleaning nebulisers have not yet been well established. Patients should
follow the manufacturer's recommendations. In general, the nebuliser should be rinsed
and thoroughly dried after every use.>*

Good practice points

» Hands should be washed prior to handling supplies and solution.

» In general, the nebuliser should be rinsed and thoroughly dried after every use.
Some nebulisers can be placed in a dishwasher. Most manufacturers recommend
that the nebuliser is sterilised once a week either by using sterilising fluid or boiling
the nebuliser (except tubing) in a clean pan for a full 10 min. All parts should be dry
before re-assembly. Care should be taken to ensure the electrical compressor does
not get wet.

» Electrical compressors should be thoroughly cleaned in between patients and have
the inlet filter changed according to the manufacturer’s instructions (usually every
3 months).

» Hospitals issuing nebuliser/compressor systems should arrange for their regular
servicing in accordance with manufacturers’ recommendations.

» Patients should be equipped with necessary spares and travel equipment where
necessary.

» A universal Code of Practice for the maintenance and re-use of equipment should
be produced.

Do nebulised antibiotics pose a health risk to staff or relatives?

Concern has been expressed that medical personnel and/or relatives are at risk from

exposure to nebulised antibiotics in the atmosphere. Occasionally, members of staff

caring for patients using nebulised antibiotics have experienced cutaneous rashes and

bronchoconstriction.®*? It is generally recommended that the nebuliser be fitted with

a filter on the expiratory port to prevent any environmental contamination®®® and

damage to patients’ property.

Good practice point

» Filter systems (either filter or tubing) should be fitted on the expiratory port to
prevent environmental contamination.

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

Box 6 Protocol for test dose of a nebulised antibiotic

1. Explain the procedure to the patient, warning of possible side
effects (cough, wheeze, chest tightness and breathlessness).

2. Ensure the dose of the antibiotic to be tested is prescribed
and check for a history of sensitivity to the drug (which is
a contraindication to administration).

3. Check the name, dose and expiry date of the test drug and all
related diluents (where applicable).

4. Before starting the procedure, check availability of a spirom-
eter and all necessary nebulisation equipment, together with
a supply of salbutamol 2.5 mg nebules or metered dose
inhaler with spacer.

5. Ensure all procedures for spirometry and nebulisation follow
infection control recommendations; the nebuliser used for the
test dose should be the one subsequently taken home by the
patient.

6. Carry out spirometry at baseline, then at 15 and 30 min after
the end of the test dose

7. If the FEV, drops by <15% and <200 ml and the patient does
not experience side effects, it is safe to give the nebulised
antibiotic but, at follow-up visits, check there are no
symptoms of bronchospasm related to the nebulised
antibiotic.

8. If the FEV; drops by >15% and >200 ml or if symptoms of
bronchospasm occur, administer salbutamol by nebuliser or
inhaler, repeating spirometry at 15 min intervals until it
returns to baseline.

9. If bronchospasm has occurred, repeat the test on a separate
day giving nebulised salbutamol (inhaled or nebulised) 10 min
before the nebulised antibiotic. If the FEV; drops by <15%
and <200 ml, it is safe to continue the nebulised antibiotic
but giving a [ agonist prior to the nebulised antibiotic. If the
FEV, drops by >15% and >200 ml, consider an alternative
formulation or drug.

10. If there are no side effects the patient may leave 30 min after
the end of the test dose.

What advice should be given to patients about nebulised antibiotics?
Patients should be provided with advice to ensure that their equipment is used safely
and efficiently. This will include details of assembling the equipment, preparation of
the drug, use of the equipment, disposal of sharps and cleaning instructions.>’
Contact numbers in case of breakdown are also helpful. Patients should be provided
with training (including a practical demonstration) and clear written instructions in
how to use and maintain the equipment.>®’

If drugs such as bronchodilators are also prescribed, the patient should be aware of
which order to take the treatment to optimise the effect—that is, bronchodilators,
physiotherapy followed by nebulised antibiotics.5*®

Potential side effects should be discussed including risk of bronchoconstriction at
time of delivery, cutaneous rashes (although rare) and a sore mouth (due to Candida
albicans infection, although the incidence is not known).>*°
Good practice points
» Patients should be given instructions to ensure the equipment is used safely and

efficiently.

» Potential side effects should be discussed.

Intravenous antibiotics

When should home intravenous therapy be considered?

Evidence that intravenous antibiotics administered at home can be as effective as
hospital treatment and cause minimum disruption to the patient’s lifestyle comes from
the literature on CF*'~%* although it seems reasonable to extrapolate this to
patients with non-CF bronchiectasis. It is essential that patients be carefully selected.
Prerequisites include: good visual acuity and manual dexterity to perform self-
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administration, adequate facilities in the home (clean environment, refrigeration and
a telephone),>*' reliable adherence to therapy, secure venous access, proper training
and supervision.”* A variety of drugs may be prescribed (eg, ceftazidime, gentamicin,
tobramycin and colistin). The dose will depend on the weight of the patient. However,
large doses may be required similar to those given in CF (eg, ceftazidime 2 g three
times daily for adult patients).

Good practice points

» Home intravenous therapy can be given to suitable patients.

» There must be a mechanism for checking antibiotic levels.

Where should the first dose of intravenous antibiotics be

administered?

The first dose of intravenous antibiotics should be administered in hospital.>*® Any
drug allergy should be clearly documented and noted before any antibiotic is
administered. In patients with CF the commonest reactions are the development of
rashes.%*

Good practice point

» The first dose of intravenous antibiotics should be given in hospital.

How should drugs be administered?

As a number of drugs may be prescribed, the summary of product characteristics data

sheet should be consulted to identify how drugs should be diluted for infusion/bolus

administration.>*® Drugs are generally diluted as much as possible; for example,

aminoglycosides can be diluted with 15—20 ml sodium chloride and given slowly over

5 min or drugs may be given in an infusion over 30 min. Treatment should be made as

patient-friendly as possible by using bolus doses and/or prepacked delivery devices.

Where appropriate, once or twice daily doses should be prescribed.>*®

Good practice points

» Drugs may be given via a slow bolus injection or infusion according to
manufacturers” instructions.

» Treatment should be made as patient-friendly as possible by using bolus doses
and/or prepacked delivery devices and, where appropriate, once or twice daily
doses should be prescribed.

How should aminoglycosides be used in adults?

What advice should be given to the patient?

Advice should be given regarding how to prepare and administer their intravenous
medication. This will include checking the medication labels for accuracy, learning
aseptic technique (including good hand washing), recognising any side effects related
to the medication and instructions in how to dispose of equipment such as sharps
safely.5"!

Patients also have to learn about the particular type of intravenous catheter
inserted for antibiotic therapy (eg, peripheral ling). This includes potential complica-
tions that could occur, and appropriate flushing instructions. Written information
including contact telephone numbers should be provided.

Good practice point
» \Written and verbal instructions should be given to the patient to ensure safe and
efficient administration of their intravenous medication.

How should aminoglycosides be used?

Gentamicin can have substantial renal and ototoxicity. To avoid toxicity, therapeutic
monitoring of serum levels is required. This document describes:

1. How to calculate a dose using ideal body weight (IBW).

2. How to monitor blood levels.

The following patients are at increased risk of toxicity and gentamicin should be
used with caution: volume-depleted patients; patients with deteriorating renal function
from any cause; patients on other nephrotoxic drugs such as non-steroidal anti-
inflammatory agents, angiotensin-converting enzyme inhibitors or diuretics; and
patients with actual weight substantially less than IBW.

To calculate gentamicin dose:

1. Before dosing gentamicin you will need a calculator and the following information:

— Patient’s age
— Patient’s height
— Patient’s IBW (calculated from table below)
2. Determine creatinine clearance (CrCl) using the Cockcroft and Gault equation:

(140 — age [years])
serum creatinine [micromol /1]
or 1.04 [female]

CrCl(ml/min) = X 1.23 [male]

» CrCl must be calculated using the above equation.
> Estimated GFR [eGFR] from the patient’s biochemistry result is not appropriate.
> If serum creatinine is <60 umol/l, use 60 wmol/l.

Dose of gentamicin and frequency
Dose according to table above.

This is designed to achieve peak concentrations of 7—10mg/l and trough
concentrations of <2 mg/l. The initial levels should be checked at the third dose.
Check trough level immediately pre-dose and peak level 1 h post-dose. If the levels are
within the therapeutic range, the gentamicin levels and urea and electrolytes should
be checked every 3—4 days.

If the trough concentration is >2 mg/I, the drug should be withheld until the trough
is <2 mg/l and the dosing interval should be increased.

If the peak level is >10 mg/l the dose should be reduced and if the peak level is
<7 mg/l the dose should be increased. If the dose or dosing interval requires to be
adjusted, levels should be checked at the third dose after the dose change.

In patients with renal impairment (CrCl <20 ml/min), gentamicin is best avoided.

What can be done if venous access is poor?

If poor venous access is a problem, this can be improved with the use of a long line or
a totally implantable venous access device (TIVAD).5*® Ports are made of titanium
with a silicone septum. TIVADs allow the administration of antibiotic therapy for
bronchiectasis (although other fluids can be given via this route). It is a closed system
that is totally implanted subcutaneously. Insertion should be performed by a surgeon
or radiologist experienced in placement of the device. Early complications can occur,
such as bleeding, pneumothorax, nerve lesions or catheter misplacement. Wound and
catheter infection (4—5%), thrombosis (3—3.5%), catheter fracture or disconnection
(0.5%) and secondary dislocation (1.5—2%) of the catheter are the most important
long-term complications.®** 5%

It is vital that the device is cared for by staff or patients who are fully trained and
have expertise in the everyday care of such devices. When used properly compli-
cations are rare, although patients with diabetes mellitus need to pay particular
attention to aseptic technique and blood sugar control.>** These devices need
scrupulous care and regular (usually monthly) flushing with 10 ml of heparin
(100 units/ml) using full aseptic technique. Infection or blockages are the most
common complications.®*® %7 However, one small study suggested that routine
flushing of Portacaths on a monthly basis is unnecessary and that flushing on alternate
months only is sufficient; the possibility of extending the time interval between routine
flushes even further is being investigated.5*®

The port should only be accessed with a special Huber needle. Ports can usually be
used long term (up to 2000 punctures over =2 years) providing they are used
correctly. A 10 ml or larger syringe should be used as smaller syringes exert high
pressures and risk damaging the line. A pressure of 40 psi should not be exceeded.

Generally when antibiotics are being administered, the line should be flushed with
saline, administer medication, saline, heparin. Always flush with saline in between
antibiotics.

Good practice point
» Only healthcare professionals trained in the use of long lines or totally implantable
venous access systems should care for such devices.

Female

Height (ft) 5 51" 52" 53" 54" 55 5§ 57"
Height (cm) 152 155 157 160 163 165 168 170
IBW (kg) 455 478  50.1 524 547 57 593 616
Male

Height (ft) 5 51" 52" 53" 54" 55 5§ 57

Height (cm) 152 155 157 160 163 165 168 170
IBW (kg) 50 52.3 54.6 56.9 59.2 61.5 63.8 66.1

58" 59" 5100 511" 6 61" 62" 63 64"
173 175 178 180 183 185 188 190 193
639 662 685 70.8 731 754 717 80 82.3
58" 59" 510" 511" 6 61" 62" 63" 64"
173 175 178 180 183 185 188 190 193
684 707 73 75.3 776 799 822 85 8638
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CrCl (ml/min)

Ideal body weight (kg)

40—49

5059

60—69

7079

>79

20—29
3039
40—49
50—59
60—69
70—179
80—89
90—99
>99

100 mg once daily
120 mg once daily
120 mg once daily
100 mg twice daily
120 mg twice daily
140 mg twice daily
140 mg twice daily
160 mg twice daily
160 mg twice daily

100 mg once daily
120 mg once daily
140 mg once daily
140 mg once daily
140 mg twice daily
140 mg twice daily
160 mg twice daily
160 mg twice daily
180 mg twice daily

100 mg once daily
140 mg once daily
140 mg once daily
160 mg once daily
140 mg twice daily
160 mg twice daily
160 mg twice daily
180 mg twice daily
200 mg twice daily

160 mg every 48 h
140 mg once daily
160 mg once daily
180 mg once daily
180 mg once daily
180 mg once daily
160 mg twice daily
180 mg twice daily
200 mg twice daily

180 mg every 48 h
160 mg once daily
180 mg once daily
180 mg once daily
180 mg once daily
200 mg once daily
180 mg twice daily
180 mg twice daily
200 mg twice daily

APPENDIX 2

Table Al

Common organisms associated with acute exacerbation of bronchiectasis and suggested antimicrobial agents

(A) Adults

Organism

Recommended first-line treatment

Length of treatment Recommended second-line treatment

Length of treatment

Streptococcus pneumoniae

Haemophilus influenzae (B-lactamase
negative)

Haemophilus influenzae (B-lactamase
positive)

Moraxella catarrhalis
Staphylococcus aureus (MSSA)

Staphylococcus aureus (MRSA): oral
preparations

Staphylococcus aureus (MRSA):
intravenous preparations

Coliforms (eg, Klebsiella, enterobacter)
Pseudomonas aeruginosa

Amoxicillin 500 mg tds
Amoxicillin 500 mg tds
Amoxicillin 1 g tds
Amoxicillin 3 g bd
Co-amoxiclav 625 mg tds

Co-amoxiclav 625 mg tds
Flucloxacillin 500 mg qds

<50 kg: Rifampicin 450 mg od +
trimethoprim 200 mg bd

>50 kg:Rifampicin 600 mg +
trimethoprim 200 mg bd

Vancomycin 1 g bd* (monitor serum
levels and adjust dose accordingly) or
teicoplanin 400 mg od

Oral ciprofloxacin 500 mg bd

Oral ciprofloxacin 500 mg bd (750 mg bd
in more severe infections)

14 days

14 days
14 days
14 days
14 days

14 days
14 days
14 days

14 days

14 days
14 days

Clarithromycin 500 mg bd

Clarithromycin 500 mg bd or ciprofloxacin
500 mg bd or ceftriaxone 2 g od (IV)

Clarithromycin 500 mg bd or ciprofloxacin
500 mg bd or ceftriaxone 2 g od (IV)
Ciprofloxacin 500 mg bd

Clarithromycin 500 mg bd

<50 kg: Rifampicin 450 mg od +
doxycycline 200 mg od

>50 kg: Rifampicin 600 mg +
doxycycline 200 mg od

Third-line: Linezolid 600 mg bd

Linezolid 600 mg bd

Intravenous ceftriaxone 2 g od

Monotherapy: Intravenous ceftazidime 2 g
tds or tazocin 4.5 g tds or aztreonam 2 g
tds or meropenem 2 g tds

Combination therapy: The above can be
combined with gentamicin or tobramycin
or colistin 2 MU tds (<60 kg, 50 000—
75 000 units/kg daily in 3 divided doses)

14 days
14 days
14 days

14 days
14 days
14 days

14 days
14 days

14 days

14 days
14 days

14 days

(B) Children (for doses consult BNIF for Children and use doses for severe infection)

495

Organism

Recommended first-line treatment

Length of treatment

Recommended second-line treatment

Length of treatment

Streptococcus pneumoniae
Haemophilus influenzae (B-lactamase
negative)

Haemophilus influenzae (p-lactamase
positive)

Moraxella catarrhalis
Staphylococcus aureus (MSSA)
Staphylococcus aureus (MRSA): oral
preparations

Staphylococcus aureus (MRSA):
intravenous preparations

Coliforms (eg, Klebsiella, enterobacter)
Pseudomonas aeruginosa

Amoxicillin
Amoxicillin

Co-amoxiclav

Co-amoxiclav
Flucloxacillin
Rifampicin + trimethoprim

Vancomycin or teicoplanin

Oral ciprofloxacin
Oral ciprofloxacin

14 days
14 days

14 days

14 days
14 days
14 days

14 days

14 days
14 days

Clarithromycin
Clarithromycin or ceftriaxone (IV)

Clarithromycin or ceftriaxone (IV)

Ciprofloxacin
Clarithromycin

Rifampicin + doxycycline
Third-line: Linezolid
Linezolid

Intravenous ceftriaxone

Monotherapy Intravenous ceftazidime or
tazocin or aztreonam or meropenem
Combination therapy: The above can be

combined with gentamicin or tobramycin
or colistin

14 days
14 days

14 days

14 days
14 days
14 days
14 days
14 days

14 days
14 days

14 days

Caution with aminoglycosides in pregnancy, renal failure, elderly patients or those on multiple other drugs.
*Elderly patients (>65 years): 500 mg vancomycin every 12 h or 1 g once daily (BNF 54, September 2007).5%°
bd, twice daily; 1V, intravenous; od, once daily; qds, four times daily, tds, three times daily.

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

Long-term oral antibiotic treatment

(A) Adults

Organism

Recommended first-line treatment

Recommended second-line treatment

Streptococcus pneumoniae

Haemophilus influenzae (B-lactamase negative)

Haemophilus influenzae (P lactamase positive)
Moraxella catarrhalis

Staphylococcus aureus (MSSA)

Amoxicillin 500 mg bd
Amoxicillin 500 mg bd
Co-amoxiclav 375 1 tablet tds
Co-amoxiclav 375 1 tablet tds

Flucloxacillin 500 mg bd

Clarithromycin 250 mg bd
Clarithromycin 250 mg bd
Clarithromycin 250 mg bd
Clarithromycin 250 mg bd
Clarithromycin 250 mg bd

(B) Children and adults chronically colonised with Pseudomonas aeruginosa

Agent Route Adult dose Frequency
Gentamicin Nebulised 80 mg Twice daily
Tobramycin Nebulised 160 mg Twice daily
Tobramycin (Tobi) Nebulised 300 mg Twice daily
Colistin Nebulised 1-2 MU Twice daily
See BIVF for Children (use doses for severe infection).**®
Table Alll Causes of bronchiectasis
Post- Immune Obstruction or  Aspiration or Congenital or airway No cause
Ref Year Country N infection defect CTD ABPA CF Ciliary IBD foreign body inhalation Asthma abnormality identified
Children
8 1994 UK* 41 (32)t 21 NAt 14 15% 37%
42 2001  Turkey 23 35 17 17 13 17 0%
19 2003 Nz 66 25 12 NA% 10 1% 50%
23 2004 UK§ 93 30 26 0 1 3 1 8% 18%
232 2005 UK* 136 4 34 NAt 15 18 4% 25%
All ages
483 2000 ltaly 49 6 4 2 0 4 10 2 4 6% 55%
Adults
46 1995 USA 123 42 4 4 30%
22 2000 UK* 150 29 8 3 1 3 2 4 1% 53%
54 2003 UK 100 33 1 6 1 41%
Data shown as percentages.
*Tertiary referral populations.
tAuthors discounted prior pneumonia or pertussis in the absence of an immune defect as a possible cause of bronchiectasis.
$A diagnosis of cystic fibrosis was excluded prior to study entry.
§Mixed secondary and tertiary referral population.
ABPA, allergic bronchopulmonary aspergillosis; CF, cystic fibrosis; CTD, connective tissue disease; IBD, inflammatory bowel disease.
Table AIV  Studies of lower respiratory tract microbiology in patients with bronchiectasis
Year Ref Country N Age*  Method Hi Pa Sa Sp Mc Anaer Spy Asp Myco Non-pathogenict  No growth
Children
1978 271  USA 38 0—16  Sputum 36% 4 4
2002 276  Australia 33 38 BAL 24 1 <1 <1 <1 67
2003 19 New Zealand 60 10 Sputum 68 2 12 6 N/D 8 4 N/D
2004 23 UK 93 0-16  Sputum/BAL 48 6 8 22 17 N/D 1 0 N/D
2005 232 UK 136 121 Sputum/BAL 39 " 4 22 2 ? <1 ? ?
Adults
1992 343  Hong Kong 91 50 Sputum ND ND ND ND ND ND ND ND 13§ N/D
1995 46 USA 123 57 Sputum 30 31 7 " 2 2 5 239 23
1996 344 UK 135 Sputum ND 12 ND ND ND ND N/D N/ N/D N/D
1997 270  Spain 17 57 BAL 35 5 N/D N/D 60 23
2000 22 UK 150 53 Sputum 35 31 14 13 20 N/D 2 N/D 5
2001 268  Spain 49 57 BAL 26 20 2 N/D N/D 28
2002 145  Thailand 50 58 Sputum 14 20 6 4 N/D 6** 36
2002 342  Spain 42 58 Sputum 26 9 14 5 N/D 2 0 60
2002 342  Spain 59 58 BAL 32 10 3 1 N/D 0 32

Data shown as percentages.
*Median age or range in children, mean in adult series.
+Non-pathogenic: non-pathogenic organisms such as Corynaebacterium, Neisseria spp, coagulase-negative Staphylococcus, B-haemolytic Streptococcus.

$Percentages may add up to more than 100% due to multiple isolates in one specimen/patient.

§11% Mycobacterium tuberculosis, 2% M avium, 1% M chelonae.

917% Mycobacterium avium intracellulare.

**4% Mycobacterium kansasii, 2% M chelonae.
Anaer, anaerobe; Asp, Aspergillus; BAL, bronchoalveolar lavage; Hi, Haemophilus influenzae; Mc, Moraxella catarrhalis; Myco, mycobacteria; N/D, not done; Pa, Pseudomas aeruginosa;
Sa, Staphylococcus aureus; Sp, Streptococcus pneumoniae; Spy, Streptococcus pyogenes.
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Table AV Antibiotic studies for exacerbations treated in hospital: adults

Baseline microbiology
(main pathogens

Author Study N Study design Duration identified) Principal outcome
Douglas, Randomised 131  Exacerbations of CB or BE that did not 5—7 days 42% pathogens isolated Treatment with
195742 respond to 1 or 2 MU IM penicillin (Haemophilus spp., chloramphenicol was superior (78% led
(5—14 days) (n=60) were Streptococcus spp. and to mucoid sputum) compared with
randomised to oral chloramphenicol Staphylococcus aureus) oxytetracycline (39% led to
2 g/day vs oral oxytetracycline 58% no pathogens isolated mucoid sputum) (p<0.01)
2 g/day
Pines, Randomised 197  Exacerbations of CB or BE that 14 days Haemophilus influenzae 12% Only 6 g cephaloridine was
1967%%8 did not respond to recent Streptococcus pneumoniae superior (56% led to mucoid
antibiotic course were randomised to 1.5% sputum) to penicillin and
penicillin 2 MU IM (14 days) + E coli 10% streptomycin (34% led to
streptomycin 0.5 g IM (7 days) vs IM Pseudomonas spp. 9.5% mucoid sputum) (p=0.05)
cephaloridine 1 g bd vs IM Klebsiella 4.5%
cephaloridine 2 g bd vs IM Staphylococcus aureus 9.5%
cephaloridine 2 g tds Proteus 9%
Pines, Randomised 81 Regimen 1: 7 days—2 All patients (purulent CB Regimen 1: 100% treatment failure
1970 IM + inhaled colistin 7—10 days months or BE) had chronic colonisation ~ Regimen 2: 18% converted to
Regimen 2: with P aeruginosa mucoid sputum with clinical improvement
IM gentamicin 14 days vs aerosol Regimen 3: 80% eradicated
gentamicin 1—2 months vs P aeruginosa
combination aerosol + IM 47% converted to mucoid sputum with
gentamicin 14 days marked clinical improvement
Regimen 3: 27% had no P aeruginosa at 2 months
IM + inhaled carbenicillin + Regimen 4:
oral probenecid 7—14 days 83% eradicated P aeruginosa
Regimen 4: 67% had marked clinical improvement
IM carbenicillin + IM gentamicin+ 50% no P aeruginosa at 4 months
aerosol gentamicin + probenecid Regimen 5:
14 days 86% eradicated P aeruginosa
Regimen 5: 57% had marked clinical improvement
Carbenicillin IV 7 days followed by 71% eradicated P aeruginosa at 2 months
IM carbenicillin 7 days
Pines, Open label 21 Ticarcillin 1 g qds (if P aeruginosa 7—10days  29% cultured P aeruginosa Bacterial clearance 76% at end of treatment
1974%%0 12—20 g ticarcillin/day + nebulised 52% relapse rate over the following month
ticarcillin 0.5—1 g qds)
Davies, Open label 38 IM ceftazidime 2 g bd 10 days vs IM 10—14 days  89% isolated P aeruginosa Improved clinical outcomes (good/excellent)
1983428 ceftazidime 2 g tds 10 days vs IM with IM ceftazidime 2 g tds 10 days
ceftazidime 2 g bd 14 days (73%) or IM ceftazidime 2 g bd 14 days
(70%) vs IM ceftazidime 2 g bd 10 days
(54%)
76% no pathogens at end of treatment
(P aeruginosa eradicated in 76%)
1 week after treatment was stopped
P aeruginosa isolated in 47%
Lam, Randomised 32 Oral ofloxacin 200 mg tds vs oral 10 days 56% isolated P aeruginosa or Ofloxacin had higher clinical cure rates
1986%%° amoxicillin 1 g tds Klebsiella (73% ofloxacin vs 35% amoxicillin) and less
treatment failure rates (7% ofloxacin vs 35%
amoxicillin)
Hill, Open label* 33 Antibiotics given for exacerbations 14 days Initial responders: Response=development of mucoid or light
98668 or in stable patients with intermittent 14 days 47% no pathogen mucopurulent phlegm from purulent phlegm
mucopurulent/purulent phlegm or in 4 months 35% H influenzae Relapse=return of sputum purulence
patients with persistent purulent 12% S pneumoniae Baseline mucoid group (N=7):
phlegm 6% P aeruginosa In an exacerbation, all responded to regimen
1. Amoxicillin 250 mg tds and if failed Failures to initial antibiotics: 1, time to next relapse median
to respond 31% no pathogen 6.5 months
2. Amoxicillin 3 g bd and if failed to 50% H influenzae Baseline intermittent mucopurulent/purulent
respond 13% P aeruginosa group(N=7):
3. Nebulised amoxicillin 500 mg bd 6% S aureus In an exacerbation, all responded to regimen
1, time to next relapse median
9 days
Baseline persistent purulent group (N=19):
16% responded to regimen 1, time to next
relapse median 4 days
12 progressed to regimen 2, 58%
responded, time to next relapse median
14 days
3 progressed to regimen 3, 67% responded
with no relapses at 6 and 11 months
Lam, Randomised 41  Oral ofloxacin 200 mg tds vs oral 10 days 32% isolated P aeruginosa or Ofloxacin led to higher bacterial eradication
1989%7 amoxicillin 1 g tds Klebsiella (94% ofloxacin vs 45% amoxicillin)

and a greater percentage had mucoid
sputum (70% ofloxacin vs 38% amoxicillin,
p<0.05) but had similar 3-month relapse
rates
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Table AV Continued

Baseline microbiology
(main pathogens

Author Study N Study design Duration identified) Principal outcome
Ip, Open label 12 Oral ofloxacin 300 mg bd 14 days 75% had pathogenic organisms, After treatment for 1 week, neutrophil
199342 of which 67% had P aeruginosa chemotaxis and elastase activity returned
back to the normal baseline
Second week of antibiotics did not reduce
neutrophil chemotaxis nor elastase activity
any further
Tag EI-Din,  Randomised 27  Depending on sensitivities IV 7 days ~62% cultured P aeruginosa, Combination of inhaled + IV antibiotics led to
199436° treatment 7 days vs IV treatment Klebsiella or E coli improved FEV,, FVC and PEFR and >6-
7 days + inhaled amikacin or fold reduction in sputum volume compared
ceftazidime or gentamicin or with IV therapy alone (p<0.001)
tobramycin 7 days
Chan, Randomised 42  Oral ciprofloxacin 500 mg bd vs oral 7 days 41% isolated Pseudomonas spp.  Ciprofloxacin led to higher bacterial clearance
19962% amoxicillin 1 g tds (100% ciprofloxacin vs 25% amoxicillin) and
improved sputum purulence (95%
ciprofloxacin vs 55% amoxicillin) and lower
sputum volume (p<0.05)
Tsang, Randomised 35  Oral levofloxacin 300 mg bd vs 10 days 29% isolated P aeruginosa, Similar bacterial eradication rates (~ 70%)
1999246 ceftazidime 1 g tds IV 41% no pathogens and clinical outcomes (cough, sputum
purulence, breathlessness)
Darley, Open label* 9 IV meropenem 3 g/day 7—10days  67% had pathogenic organisms, 83% no pathogenic organisms at end of
2000%" of which 67% were P aeruginosa  treatment

*If treated as outpatients.
CB, chronic bronchitis; bd, twice daily; BE, bronchiectasis; FEV;, forced expiratory volume in 1 s; FVC, forced vital capacity; IM, intramuscular; IV, intravenous; PEFR, peak exploratory flow rate;
tds; three times daily.

Table AVl Oral antibiotic studies used in stable bronchiectasis
(A) Adults
Author Study N Study design Duration Baseline microbiology Principal outcome
MRC, Randomised 122  Study to assess the impact of 1 year, 2 days per week None recorded 1. Oxytetracycline led to a reduc-
1957440 long-term antibiotics in severe tion by nearly half of the
bronchiectasis purulent fraction of sputum
Oral penicillin 2 g over 24 h vs within 2 weeks of starting
oral tetracycline 2 g over 24 h vs treatment and maintained over
2 g lactose (placebo) over 24 h the year, fewer days confined
to bed (less than half of the
total in the penicillin and just
over 25% in the lactose
groups) and fewer days off
work.

2. There were no significant side
effects with treatment.

3. There was a probable but
lesser benefit with oral peni-
cillin.

Cherniack, Randomised 67 Study to assess the impact of =3 months (3—22) ~28% H influenzae 1. Less lower respiratory tract
1959374 long-term antibiotics on exacer ~14% S pneumoniae iliness + shorter duration with
bation frequency in patients with ~15% Staphylococcus spp. tetracycline compared with
chronic bronchitis and bronchi- ~23% yeasts placebo
ectasis 2. Less lower respiratory tract
2 g oral tetracycline/day vs 1g iliness with tetracycline
oral penicillin/day vs 2 g oral compared with penicillin
oleandomycin/penicillin combina 3. Less lower respiratory tract
tion vs placebo illness with penicillin/oleando-
mycin compared with placebo

4. Penicillin alone not more
effective than placebo

5. Antibiotics had no significant
impact on sputum volume,
purulence, FEV; or FVC

Dowling, Randomised 89 Study to assess the impact of =3 months (3—31) ~59% H influenzae Tetracycline:

1960% long-term antibiotics on sputum ~5% S pneumoniae |H influenzae, S pneumoniae,
microbiology ~ 21% Staphylococcus spp. S aureus
2 g oral tetracycline/day vs 1g ~12% Pseudomonas spp. 1 Pseudomonas spp.
oral penicillin/day vs 2 g oral Penicillin:
oleandomycin/penicillin combina | S pneumoniae, 1 Klebsiella
tion vs placebo spp.

Oleandomycin/penicillin

|H influenzae, S pneumoniae,

S aureus

1 Proteus spp.

Continued
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Table AVl  Continued
(A) Adults
Author Study N Study design Duration Baseline microbiology Principal outcome
Sobel, Randomised 90 Study to assess adverse Data up to 5 years but data None available Adverse reactions:
1962442 reactions with long-term up to 36 months in all First 3 months
antibiotics groups 1. 23%, 2. 23%, 3. 24%, 4. 19%
1. 2 g oral tetracycline/day vs 4—36 months
2. 1 g oral penicillin/day vs 1. 27% mainly diarrhoea
3. 2 g oral oleandomycin/peni 2. 27% mainly upper Gl upset
cillin combination vs 3. 20% mainly upper Gl upset
4. Placebo 4. 10% mainly diarrhoea
Stockley, Open label 15  Study to assess effect of 14 days 60% H influenzae 1. After 2 weeks initial treatment
1984444 antibiotic treatment (amoxicillin 13% S pneumoniae 67% had mucoid phlegm and
250 mg tds) on sputum elastase 7% P aeruginosa 67% cultured no pathogen.
in stable bronchiectasis patients 7% S aureus 2. This was associated with
who normally produce purulent 13% no pathogen a reduction in sputum elastase
phlegm and albumin leakage in the
In non responders a further 2- 14 days arways.
week antibiotic course was given 3. 5/15 did not respond to the
first antibiotic course; 2
responded to the second
antibiotic course.

4. In patients who despite anti-
biotic therapy, the sputum
failed to clear, there was no
reduction in sputum elastase.

Hill, 1986°%° Open label 18  Study to assess effects of anti- 14 days None recorded ~5% increase in FEV,, FVC, VC
biotics on lung function and TLC (p<0.05)
All received amoxicillin but two
received IV gentamicin to convert
sputum from purulent to mucoid
10 patients received 4 months of 4 months Only increase in FVC (p<0.05)
amoxicillin and all had mucoid
phlegm at the end of treatment

Hill, 1988°¢7 Open label 10 Study to assess the impact of 16 weeks 20% no pathogen At 4 months:
4 months antibiotic in purulent 50% H influenzae 1. All converted from purulent to
bronchiectasis 10% P aeruginosa either mucoid or mucopurulent
Treatment dependent on 10% S aureus phlegm.
response to 2-week course of 10% Proteus vulgaris 2. Reduced elastase activity
amoxicillin 250 mg tds (only 30% had elastase
2 received amoxicillin 250 mg tds activity) whereas all had
3 received amoxicillin 3 g bd elastase activity at baseline.
5 received nebulised amoxicillin 3. Less albumin protein leakage
500 mg bd into the airways.

4. Improved well-being, reduced
sputum volume and colour
and improved breathlessness.

5. Improved PEF rates.

6. Median 2.5 months after
treatment stopped before spit
became purulent again.

Currie, 1990%* Randomised 38 3 g twice daily oral amoxicillin vs 32 weeks 24% had P aeruginosa Amoxicillin-treated group led
placebo 1. Clinical improvement 65% vs
21% with placebo (p=0.02).

2. Reduction in 24 h purulent
sputum volume 20% of
pretreatment values vs 88%
with placebo (p<0.01).

3. Reduction in 24 h sputum
volume (p<0.05).

4. Less time confined to bed and
away from work.

5. Less severe exacerbations but
no effect on frequency.

6. Well tolerated except 2
patients were unable to take
treatment (1 due to rash and 1
due to diarrhoea).

Rayner, 1994?**  Retrospective 10 Study to assess efficacy and =90 days 90% had pathogenic organisms Reduced exacerbation frequency

safety of long-term ciprofloxacin
(500—1500 mg/day)

50% P aeruginosa
30% H influenzae
10% S pneumoniae

6.2+2.9/1 year to 0.5+0.53/
412 days

60% no pathogenic organisms
20% P aeruginosa that developed
resistance to ciprofloxacin

20% S pneumoniae

Thorax 2010;65:11—i58. doi:10.1136/thx.2010.136119
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Table AVl  Continued
(A) Adults
Author Study N Study design Duration Baseline microbiology Principal outcome
Tsang, 199924 Randomised 21  Pilot study of low-dose erythro- 8 weeks 76% P aeruginosa 8 weeks of erythromycin
mycin in bronchiectasis 14% H influenzae 1. Improved FEV; and FVC.
Oral erythromycin 500 mg bd vs 5% K pneumoniae 2. Decreased 24 h sputum
placebo 5% E coli volume.
3. No change in microbial load.
4. No impact on proinflammatory
cytokines (IL-1f, IL-8, TNFa,
LTB4).
Davies, 200446 Open label 39 Study to assess the impact of 2010 months 33% no growth 1. At 4 months no growth 46%.
long-term azithromycin 21% P aeruginosa 2. Decreased exacerbation
15% H influenzae frequency (p<0.001).
15% S aureus 3. Improved symptoms
(p<0.05).
4. Improved carbon monoxide
gas transfer (p=0.01).
Cymbala, 2005**°  Open label 12 Study to assess long-term impact 6 months None recorded 1. Reduced exacerbation
of long-term azithromycin 500 mg frequency (p<0.05).
twice weekly 2. Mean 24 h sputum volume
reduced (p<0.01).
3. Improved well-being.
(B) Children
Koh, 199734 Randomised 25 Effect of roxithromycin for 12 weeks Not stated Significant reduction in sputum

12 weeks on airway
responsiveness in children

(<16 years) with bronchiectasis:

a double blind, placebo-control
study

lled

purulence and leucocyte score
from weeks 6—12 in those
receiving roxithromycin, but no
significant change in FEV; from
baseline to end of 12 weeks.
Significant benefit to roxithro-
mycin in pre/post PDyg at

12 weeks and response of FEV,
to bronchodilator

bd, twice daily; FEV,, forced expiratory volume in 1 s; FVC, forced vital capacity; IL, interleukin; IM, intramuscular; 1V, intravenous; LTB4, leukotriene B4; PDyq, dose required to provoke a fall in
FEV, of 20%; PEF, peak expiratory flow; tds, three times daily; TLC, total lung capacity; TNFe., tumour necrosis factor o; VC, vital capacity.

Table AVIl Studies of nebulised antibiotics in patients with stable bronchiectasis
(A) Adults
Baseline
Author Study N Study design Duration microbiology Principal outcome
Stockley,  Open label 6 Study to assess the impact of 4 months nebulised 4 months 17% no pathogen 1. Less sputum purulence (p<0.05).
1985%! amoxicillin in those who relapsed following 33% H influenzae 2. Reduced sputum volume (p<0.05).
amoxicillin 3 g bd 17% P aeruginosa 3. Improved peak expiratory flow rates (p<0.05).
17% S aureus 4. No adverse events with the nebulised antibiotic.
Hill et al,  Open label 33 Antibiotics given for exacerbations or in stable Initial >responders: Response= development of mucoid or light
198668 patients with intermittent mucopurulent/purulent 47% no pathogen mucopurulent phlegm from purulent phlegm
phlegm or in patients with persistent purulent 35% H influenzae Relapse= return of sputum purulence
phlegm 12% S pneumoniae  Baseline mucoid group (N=7):
1. Amoxicillin 250 mg tds and if failed to respond 14 days 6% P aeruginosa In an exacerbation, all responded to regimen 1,
2. Amoxicillin 3 a bd and if failed t d 144 Failures to initial time to next relapse median 6.5 months
. g bd and if failed to respon ays P s .
K - antibiotics: Baseline intermittent mucopurulent/purulent group
3. Nebulised amoxicillin 500 mg bd 4 months 31% no pathogen (N=7):
50% H influenzae In an exacerbation, all responded to regimen 1,
13% P aeruginosa  time to next relapse median 9 days
6% S aureus Baseline persistent purulent group (N=19):
16% responded to regimen 1, time to next relapse
median 4 days
12 progressed to regimen 2, 58% responded, time
to next relapse median 14 days
3 progressed to regimen 3, 67% responded with
no relapses at 6 and 11 months
Hill, Open label 10 Study to assess the impact of 4 months antibiotic in16 weeks 20% no pathogen At 4 months:
1988367 purulent bronchiectasis 50% H influenzae 1. All converted from purulent to either mucoid or
Treatment dependent on response to 2-week course 10% P aeruginosa mucopurulent phlegm.
of amoxicillin 250 mg tds 10% S aureus 2. Reduced elastase activity (only 30% had
2 received amoxicillin 250 mg tds 10% Proteus vulgaris  elastase activity) whereas all had elastase
3 received amoxicillin 3 g bd activity at baseline.
5 received nebulised amoxicillin 500 mg bd 3. Less albumin protein leakage into the airways.
4. Improved well-being, reduced sputum volume
and colour and improved breathlessness.
5. Improved PEF rates.
6. Median 2.5 months after treatment stopped
before spit became purulent again
Continued
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Table AVIl  Continued
(A) Adults
Baseline
Author Study N Study design Duration microbiology Principal outcome
Lin, Randomised 16 Study to assess the effect of inhaled gentamicin on3 days Not recorded Inhaled gentamicin:
199749 airway neutrophil activity and mucus secretion 1. Decreased sputum myeloperoxidase.
Inhaled gentamicin 40 mg bd vs 0.45% saline 2. Decreased sputum volume.
3. Reduced bacterial load.
4. Improved PEF rates.
5. Improved 6 min walk test.
6. Improved Borg breathlessness score.
Orriols, Randomised 15 Study to assess the long-term 1 year 100% P aeruginosa Treatment with nebulised antibiotic:
19997 effects of nebulised antibiotic in 1. No change in FEV; or FVC.
patients with bronchiectasis colonised 2. Reduced number of hospital admissions.
with P aeruginosa 3. Reduced number of days in hospital if
Nebulised ceftazidime + tobramycin vs admitted.
symptomatic treatment 4. No increase in antibiotic resistance.
Barker, Randomised 74 Study to assess the long-term effects of 4 weeks on 100% P aeruginosa Treatment with tobramycin:
20000 nebulised tobramycin in patients with treatment, then 1. At week 4 reduced bacterial density of P
bronchiectasis colonised with P aeruginosa 2 weeks off aeruginosa (p<0.01).
Nebulised tobramycin 300 mg bd vs treatment 2. At week 6 P aeruginosa eradicated in 35%.
placebo 3. Improvement of medical condition.
4. Increased incidence of cough, wheeze, chest
pain and breathlessness.
Drobnic,  Randomised 30 Study to assess the long-term effects of 6 months 100% P aeruginosa Treatment with tobramycin:
20054® nebulised tobramycin in patients with bronchiectasis 1. Reduced number and days of hospital admis-

Scheinberg, Open label 41
20052

colonised with P aeruginosa
Nebulised tobramycin 300 mg bd vs placebo

Study to assess the efficacy and safety
of inhaled tobramycin in patients with
bronchiectasis colonised with P aeruginosa

3 cycles
of14 days on
treatment and

100% P aeruginosa

2.

3.

4.

sion (p<0.05).

Reduced bacterial density of P aeruginosa
(p<0.05).

No differences in number of exacerbations,
antibiotic use, pulmonary function and quality
of life.

No increased risk of bacterial resistance.

5. Bronchospasm developed in 10%.
Treatment with tobramycin:

1. Improved symptom score (p<0.05).
2. Improved quality of life (p<0.05).

3.
4
5

Nebulised tobramycin 300 mg bd 14 days off Eradication of P aeruginosa in 22%.
treatment . About 5% developed resistance to tobramycin.
. 22% stopped treatment probably or possibly
related to treatment due to cough, wheeze and
breathlessness.
Steinfort,  Open label 18 Nebulised colistin 30 mg in 18 patients Mean 78% P aeruginosa  Treatment with colistin:
20074%° (14 bronchiectasis, 4 COPD); majority with 41 months 1. Improved quality of life following treatment.
P aeruginosa 2. Slower decline in FEV, and FVC after treatment.
3. No resistance or significant side effects.
(B) Children
Twiss, Open label safety 10No placebo group. Single dosing 10 H influenzae Bronchoconstriction not seen, mean change in FEV;
2005508 study Children aged 5—15 years. study No S aureus +0.7%

80 mg gentamicin nebulised via Pari Other pathogens not
LC reported

Sputum concentration (10 min) 697 mg/g (402—981)
Serum concentration (60 min) 0.4 mg/l (0.2—0.5)

bd, twice daily; COPF, chronic obstructive pulmonary disease; FEV;, forced expiratory volume in 1's; FVC, forced vital capacity; PEF, peak expiratory flow; tds, three times daily.

Table AVIII

Nebulised antibiotics*

Drug and formulation Dose Sodium chloride 0.9% (ml) Sterile water (ml) Total volume (ml) Daily dose
Colistin®* (Colomycin) 1-2 MU 2—4 - 2—4 Adults 2 MU bd
2 2 4 Children§ 1—2 MU bd
— 4 4
Colistin (Promixin)$ 1 MU 2 2 4 Adults 1 MU bd
- 4 4 Childrenq 500 000 U—1 MU bd
Gentamicin 40 mg/ml sol*%® 80 mg 2 - 4 Adults 160 mg bd
Tobramycin 40 mg/ml sol**” %39 80 mg160 mg 2 — 4 Adults 80—160 mg bd
4 — 8
Tobramycin (Tobi) solution 300 mg — - 5 Adults and children** 300 mg bd
Amoxicillin 500 mg dry powder*®" 500 mg = 5 5 Adults 500 mg bd

*Note the nebulised drugs in this table are not licensed by any manufacturer for use in non-cystic fibrosis bronchiectasis.
tManufacturer states mixing with 0.9% saline is preferred with sterile water or 50% water/saline being alternatives.
$Mix with either sterile water or 50% sterile water/50% 0.9% saline; for use only in iNEB AAD nebuliser.

§If age <2 years 500000 units bd.

qAge =2 years.
**Age =6 years.
bd, twice daily.
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APPENDIX 3: AUDIT CRITERIA AND RESEARCH QUESTIONS

Audit criteria

» All patients should be assessed for underlying cause(s).

» Sputum microbiology should be checked prior to antibiotics being given for
exacerbations.

Summary of research recommendations
» Further studies are required to establish the link between COPD and
bronchiectasis.

> Further studies in other connective tissue diseases are indicated.

» Use of carbocysteine in bronchiectasis should be the subject of a randomised
control trial to establish its clinical efficacy.

» Mannitol should be investigated further in a randomised controlled trial.

> A large randomised controlled trial is required to assess the role of inhaled
corticosteroids in bronchiectasis.

» Randomised controlled trials are needed to investigate the efficacy of nebulised
antibiotics in patients with bronchiectasis chronically colonised with P aeruginosa
and other organisms.

» Further studies are needed to address the optimal antibiotic choice and doses
required.

» Randomised controlled trials are needed to investigate the efficacy of nebulised
antibiotics in children with bronchiectasis chronically colonised with organisms
other than P aeruginosa.

> Further research is needed to investigate the efficacy of all the airway clearance
technigues in non-CF bronchiectasis, particularly positive expiratory pressure,
RC-Cornet, autogenic drainage and high-frequency chest wall oscillation.

Research questions
» Are mucolytics (carbocysteine, mecysteine) effective in improving symptoms or
exacerbation frequency?

» Do strategies to eradicate P aeruginosa affect clinical outcome?

» Do macrolides affect long-term outcome (symptoms, lung function, exacerbations,
treatment requirements, quality of life)?—need for randomised controlled trial.

» Do long-term oral or nebulised antibiotics improve outcome in children (symptoms,
exacerbations, quality of life)?

» Do long-term nebulised antipseudomonal antibiotics affect outcome in adults or
children?

» Does rotating different long-term oral antibiotics have any benefit (outcomes and
antibiotic resistance)?

i58

> \What is the outcome after lung transplantation in patients with bronchiectasis?
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