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SUMMARY. Bronchiectasis is defined as the abnormal, irrevers-
ible dilatation of the cartilage-containing airways in the context
of repeated cycles of airway infection and inflammation. Many
pulmonary syndromes and systemic diseases have been described
that have bronchiectasis as an integral feature. Contrary to earlier
perceptions thatitis an“orphan disease’, bronchiectasis appears to
be underdiagnosed, especially in childhood, and new disease asso-
ciations continue to be described. With the advent of high resolution
computerized tomography (HRCT) scanning, bronchiectasis has
been demonstrated as an important cause of respiratory disease
that may predispose to premature mortality. This long-neglected
iliness should receive more research attention in order to provide
better understanding of its aetiology, pathogenesis and multimo-
dality treatment. Pneumon 2011, 24(3):248-262.

INTRODUCTION

Bronchiectasis is a morphological term used to describe the abnormal,
irreversible dilatation of the cartilage-containing conducting airways in
the context of repeated cycles of inflammation and infection'. It is not
a specific disease entity per se, but the common end stage of a variety
of pathophysiological processes that cause destruction of the bronchial
wall and its surrounding supportive tissues? Bronchiectasis accounts for
severe pulmonary infections and loss of lung function, results in chronic
morbidity, and may contribute to premature mortality®. The clinical pattern
of bronchiectasis has changed over the past half century, especially in the
industrialized countries*, due to the widespread use of antibiotics, better
control of tuberculosis, improvements in sanitation and nutrition, and
the introduction of routine early childhood immunization schedules. An
increasing proportion of the new generation of patients with bronchiectasis
is recognized to be suffering from an underlying disease that predisposes
to the development of chronic lung infection®. Multiple genetic, anatomi-
cal, and systemic causes of bronchiectasis have been identified (Table 1).
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TABLE 1. Pathophysiological classification of conditions associated with bronchiectasis

« Congenital bronchial structural defects
Williams-Campbell syndrome, Mounier-Kuhn syndrome, Tracheo-/bronchomalacia, Bronchial atresia, Bronchopulmonary seques-
tration, Marfan syndrome, Ehlers-Danlos syndrome, Dwarfism

« Congenital cellular or biochemical defects
Cystic fibrosis (CF) and its variants, Alpha-1 antitrypsin (AAT) deficiency
« Ciliary disorders
Primary ciliary dyskinesia (PCD) - Kartagener’s syndrome, Young’s syndrome

« Immunodeficiency syndromes
Congenital: X-linked agammaglobulinaemia, Selective hypogammaglobulinaemia, Common variable immunodeficiency, Severe
combined immunodeficiency, Chronic granulomatous disease, Ataxia-telangiectasia, Bloom syndrome, Natural killer cell deficiency,
Bare lymphocyte syndrome, T-cell deficiency, Ectodermal dysplasia, DNA ligase | defect
Acquired: Human immunodeficiency virus (HIV) infection, Chronic lymphocytic leukemia, Immune modulation (after transplan-
tation), Chemotherapy
« Postinfectious
Bacterial: Staphylococcus aureus, Haemophilus influenzae, Streptococcus pneumoniae, Mycoplasma pneumoniae, Bordetella pertussis,
Klebsiella pneumoniae, Pseudomonas aeruginosa
Mycobacterial: Mycobacterium tuberculosis, Mycobacterium avium complex
Viral: Measles, Adenovirus, Influenza
Fungal: Aspergillus fumigatus, Coccidioides immitis, Histoplasma capsulatum
« Exaggerated immune response
Allergic bronchopulmonary aspergillosis, Bronchocentric granulomatosis, Inflammatory bowel disease, Rheumatoid arthritis,
Sjogren’s syndrome, Relapsing polychondritis, Systemic lupus erythematosus, Ankylosing spondylitis, c-ANCA-positive vasculitis,
Primary biliary cirrhosis, Pernicious anaemia, Hashimoto's thyroiditis, After heart-lung, lung, or bone marrow transplantation
(bronchiolitis obliterans)
« Focal mechanical airway obstruction
Intrinsic: Slow-growing tumour, aspirated foreign body, broncholith, granulation tissue (stricture)
Extrinsic: Vascular ring, lymph node encroachment (eg, middle lobe syndrome), post-surgical distortion of bronchial anatomy
« Inhalational/aspiration injury
Toxic gases (ammonia, chlorine), Thermal injury, Overdose (heroin), Gastro-oesophageal reflux disease, Tracheo-oesophageal fistula
« Obstructive lung diseases
Chronic obstructive pulmonary disease (COPD), Asthma, Diffuse panbronchiolitis
« Idiopathic
« Miscellaneous
Yellow nail syndrome, Swyer-James-MacLeod syndrome, Coeliac disease, Radiation injury, Eosinophilic lung disease, Amyloidosis,
Endometriosis, Klinefelter’s syndrome, Congenital dyskeratosis, Usher syndrome

« Traction bronchiectasis

PATHOPHYSIOLOGY whatever the underlying cause, shares the common
denominator of mucus retention and superimposed
bacterial colonization’ (Figure 1). Itis not known whether

bronchiectasis starts in one section of the respiratory tract

Bronchiectasis in the context of congenital diseases
may be either due to a gross developmental dysplasia (e.g.,

flexibility of the proximal airways) or be predisposed to
by some inherited defect in mucociliary clearance (MCC),
either ultrastructural, as in primary ciliary dyskinesia (PCD),
or related to a generalized defect of ion transport, as in
cystic fibrosis (CF)S, or it may result from an underlying
deficiency of pulmonary host defenses, as in primary
immunodeficiencies (PID). Congenital bronchiectasis,

and then spreads or if it begins as a generalized process.
One report of children with bronchiectasis and chronic
rhinosinusitis described the apparent spread of sinus
infection to the lungs, resulting in bronchiectasis®. The
large body of patients with “idiopathic” bronchiectasis
represents a poorly understood subtype that may have
currently unrecognized immunological dysfunction or
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FIGURE 1. Mucus retention and persistent infection sustain
the mechanisms of bronchial inflammation and destruc-
tion. The toxins released by the bacteria and the immune me-
diators released by the surrounding inflammatory cells’ create
avicious cycle of progressive airway wall damage and obstruc-
tion, mucus plugging, and increased bacterial proliferation®.

Mucus Infecti
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autoimmune abnormalities. In addition, since functional
immunological immaturity usually improves with time, it
has been suggested that complete maturation may have
been reached by the time bronchiectasis is diagnosed'.

The lungs of most patients are chronically colonized
by potentially pathogenic microorganisms. The range of
microbial flora isolated from the sputum of two large series
of patients with non-CF bronchiectasis is shown in table
2. Bronchiectasis is characterized by a dynamic turnover
of microbial strains'3. There also appears to be a change

TABLE 2. Microbiology of non-cystic fibrosis bronchiectasis

Angrill,
Author, year Li, 2005 2002
Number n=136, n=42,

and mean age of patients 12.1years 58years

Potential pathogenic microorganisms

Haemophilus influenzae 40% 26%
Streptococcus pneumoniae 18% 14%
Pseudomonas aeruginosa 11% 9%
Staphylococcus aureus 7% NI
Moxarella catarrhalis 2% 5%
Proteus 1% 2%
Klebsiella pneumoniae 1% NI
Anaerobes 1% NI
Aspergillus fumigatus 1% 2%

NI: not isolated
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in the microbial flora with severity of disease'. Coloniza-
tion with Pseudomonas aeruginosa has been associated
with more intense inflammatory response' and more
frequent exacerbations, resulting in accelerated decline
in lung function and impaired health-related quality of
life'®. This may be due to the ability of the organism to
form biofilms on tissue surfaces, shielding them from the
effects of the immune system and antibiotics. The mucoid
appearance of Pseudomonas in CF bronchiectasis is due
to the production of alginate. This bacterium is difficult to
eradicate due to the poor penetration of antibiotics into
the purulent airway secretions and to the interference in
the phagocytic killing process by alginate'.

GENERAL CLINICAL FEATURES

The clinical features of bronchiectasis, regardless of
aetiology, and the usual findings in acute exacerbations
are shown in Table 3.

TABLE 3.

General clinical features of bronchiectasis

« chronic cough (occasionally dry)

« copious sputum production

« progressive dyspnoea

« repeated pulmonary infections

« haemoptysis (ranging from blood-streaked sputum to life-
threatening haemoptysis)?

« chronic sinusitis®

- fatigue and weight loss

- digital clubbing and hypertrophic pulmonary osteoarthropa-
thy*

« respiratory insufficiency and cor pulmonalec

Findings in acute exacerbations

« increased dyspnoea/cough/sputum production

. fever (>38°C)

« reduced pulmonary function

- malaise/lethargy/decreased exercise tolerance

- radiographic changes consistent with a new inflammatory
process

« changes in chest sounds

Auscultation

- early and mid-inspiratory crackles
- diffuse rhonchi and wheezing

« bronchial breath sounds

a: Due to erosive damage of the airway wall and bronchial
arterial neovascularization

b: Common in patients with cystic fibrosis, primary ciliary dys-
kinesia, Kartagener’s syndrome, and diffuse panbronchiolitis
c: Rarely seen now, due to the increased use of antibiotics
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IMAGING
Chest computed tomography

Although the initial evaluation is usually based on
chest X-ray, this technique is limited by its low sensitivity
and specificity. High resolution computed tomography
(HRCT) is currently the imaging technique of choice for
the assessment of bronchiectasis (Table 4) and has largely
eliminated the need for more invasive techniques of the
past, such as bronchography. It enables the assessment
of bronchial abnormalities to the level of the second-
ary pulmonary lobule, where the inflammatory process
begins'. The optimization of paediatric HRCT protocols
allows the radiation dose to be kept to a minimum?. Early
changes on HRCT identify bronchiectasis even before
the development of significant symptoms or detectable
abnormalities in pulmonary function?'. Less severe forms
of bronchiectasis and misdiagnosed cases of “difficult
asthma” have been recognized with the widespread
availability of HRCT?2. Nevertheless, potential pitfalls in
HRCT interpretation? should be kept in mind, in order
for an accurate diagnosis to be achieved.

TABLE 4. High resolution computed tomographic (HRCT)
findings in bronchiectasis

Direct signs

« signetring sign — increased ratio of internal bronchial lumen
diameter to the size of its adjacent pulmonary artery

« failure of the bronchi to taper

« visualization of bronchiin the outer 1-2 ¢cm of the lung fields

« tram lines — thickened bronchial walls perpendicular to the
radiation beam

« varicose constrictions along airways — varicose bronchiectasis

« ballooned cysts at the end of a bronchus, often with air-fluid
levels — cystic bronchiectasis

Indirect signs

- focal areas of air-trapping on expiration — constrictive
bronchiolitis

« mucosal wall thickening

« mucous impaction — branching dense tubular structures,
coursing parallel to the adjacent artery

« tree-in-bud pattern — bronchiolectasis in the centre of the
secondary pulmonary lobule

Additional signs

« lobar consolidation

« crowding of the airways

- enlarged lymph nodes

- focal areas of decreased attenuation and vascularity — de-
struction of smaller airways and vessels
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THE MAIN CONGENITAL DISEASES
PREDISPOSING TO BRONCHIECTASIS

1. Cystic fibrosis

CFis initiated by a defect in a single gene located on
chromosome 7 that is normally responsible for encoding
CF transmembrane conductance regulator (CFTR) pro-
tein, which is expressed in the epithelial cells of affected
organs and is necessary for the flow of electrolytes and
fluid across cell membranes. In the lung, the abnor-
malities in electrolytes and water transport change the
properties of the mucus layer lining the epithelia and
the composition of the periciliary fluid layer, ultimately
resulting in deficiency in mucociliary clearance (MCC)
(Figure 2). The question of whether the viscid secretions
are primary or secondary to chronic bacterial infections
remains unresolved. In favour of a primary disturbance
is the demonstration of mucus obstructing submucosal
gland ducts in the airways of neonates with CF, who have
not yet developed any evidence of chronic colonization
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FIGURE 2. Components of the mucociliary clearance ap-
paratus: the cilia, the periciliary fluid layer and the mucous
layer. In cystic fibrosis, the respiratory cilia remain intact, but
impairment of the quantity and composition of the pericili-
ary fluid and of the hydration of the mucus result in deficient
mucociliary clearance.
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of the airways. Chronic obstructive airway disease in pa-
tients with CF typically progresses from bronchiolitis to
bronchitis to diffuse bronchiectasis?*. Studies have shown
that the large airways of minimally symptomatic infants
with CF have thicker walls and are more dilated than those
of healthy control infants®, and it has been suggested
that their airways increase in size at a greater rate than
those of normal children. These findings suggest that
the structural airway changes that lead to bronchiectasis
begin very early in life, although adult presentation is not
unusual®. The diagnosis of bronchiectasis in patients
with CF is made before age 5 years in about 80%, during
adolescence in 10%%, and during adulthood in 10% of
cases?, Bronchiectasis is usually diffuse, with upper lobe
involvement being almost universal and more severe,
and both central and peripheral bronchiectasis being
present in approximately two thirds of patients (Figure
3).The best scoring system for quantifying bronchiectasis
abnormalities on HRCT of the chest is that of Brody and
colleagues®, which has been shown to be both sensitive to
variation in the severity of lung disease and reproducible.

2. Primary ciliary dyskinesia

PCDis a genetic disorder characterized by abnormali-
ties in the structure or function of the cilia and flagella,
causing congenital impairment of MCC, sperm motility,
and left-right body orientation. The structure of the
respiratory cilia is shown on cross-section in Figure 4.

FIGURE 3. High resolution computed tomography (HRCT)
scan of the thorax of a 19 year-old patient with cystic fibrosis
showing bilateral central and peripheral bronchiectasis with
mucus plugging and patchy areas of decreased attenuation.
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The triad of situs inversus totalis, bronchiectasis, and
either nasal polyps or recurrent sinusitis is known as
Kartagener’s syndrome®. It has an autosomal-recessive
inheritance pattern with variable penetrance, although
rarely other modes of inheritance, such as X-linked, have
been described*.

The age of presentation ranges from 4 months to 51
years and the manifestations vary with age®. In the full-
term newborn, neonatal respiratory distress syndrome
can be the first sign of PCD, reflecting the importance of
functional cilia in clearing lung liquid in the early period
after birth3¢. Typically, the infant has a combination of
upper and lower airway symptoms. Nasal polyps are
found in up to 18% of the patients®, with chronic secre-
tory otitis media and otosalpingitis requiring repeated
courses of antibiotics during childhood and adolescence,
but these problems usually improve spontaneously fol-
lowing puberty®.The diagnosis is often missed or delayed
as many of the symptoms of PCD are common in normal
children. Bronchiectasis is a consistent finding in all adults
with PCD. In a study of 94 patients, Noone et al.>* showed
that cough was a feature in 100% of patients, while bron-
chiectasis, sinusitis, otitis media, and situs inversus were
observed in 98%, 47%, 92%, and 46%, respectively. Both
the number of pulmonary lobes involved and the severity

Fadial spike

FIGURE 4. Cross-section of a respiratory ciliary axoneme.
Respiratory cilia are complex structures that line the upper
and lower airways, formed from more than 250 different
proteins. The ciliary axoneme is the cytoskeleton of the cilium
composed of microtubules®®. Major structures that attach to
the microtubules are the outer and inner dynein arms, which
are the force-producing units for ciliary beating and bending.
Primary ciliary dyskinesia (PCD) arises primarily from a defect
in the dynein arms®'32,
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of bronchiectasis increase as age progresses* (Figure 5).
Early diagnosis in childhood may enable the administra-
tion of appropriate treatment to delay, and possibly even
prevent, the occurrence of bronchiectasis**#°. An associa-
tion between PCD and pectus excavatum (9%) has also
beenidentified*, although a case of situs inversus totalis
and pectus excavatum without the clinical phenotype of
PCD has been reported*. Some patients with PCD have
neither situs inversus totalis nor situs solitus, where some
internal organs are located in the usual position, but oth-
ers are in a mirrored position or in duplicate (heterotaxy).
A recent review of 337 patients with PCD revealed that
6.3% had heterotaxy, most which had complex con-
genital heart disease®. For this reason patients with PCD
should undergo cardiac evaluation, particularly those
with heterotaxy, since the incidence of congenital heart
disease is reported to be 200-fold higher in PCD than in
the general population**. However, isolated situs inversus
has a prevalence of about one in 10,000 in Scandinavia,
and only about 20 to 25% of persons with situs inversus
have bronchiectasis. About half of the men with PCD are
infertile, which is entirely attributed to the poor motility
of the live spermatozoa, although the sperm count is typi-
cally normal. Women with PCD correspondingly exhibit
subfertility, with fewer than 50% successfully completing

FIGURE 5. High resolution computed tomography (HRCT) scan
of the chest of a 28 year-old patient with Kartagener’s syndrome
showing widespread bilateral bronchiectasis with a predilec-
tion for the central and lower lung fields, mucoid impaction
and scattered centrilobular nodules along with patchy areas
with tree-in-bud pattern. Note the presence of dextrocardia.

253

pregnancy*. The general prognosis of bronchiectasis due
to PCD is good, as the rate of decline of lung function is
much slower than that in CF.

Bronchiectasis due to PCD has also been described
in the Usher syndrome, an autosomal recessive disease
characterised by congenital sensorineural deafness,
involvement of the vestibular system and progressive
visual loss owing to retinitis pigmentosa. The combined
involvement of three sensory systems could be explained
by the shared origin of photoreceptors and the auditory
and vestibular hair cells from ciliated progenitor cells*.

3. Young’s syndrome (idiopathic obstructive
azoospermia)

Young's syndrome, first described by a urologist named
Donald Young in 1970, consists of a combination of
bronchiectasis, chronic rhinosinusitis and infertility de-
spite normal spermatogenesis, due to congenital vas
deferens obstruction. The cause and pathogenesis of
the syndrome are not known, nor has it been definitively
established to be a hereditary disease. The combination
of clinical manifestations suggests a common defect of
the ciliated columnar epithelium at the various different
sites. Although Young's syndrome has been proposed to
be a variant of PCD, the respiratory cilia appear for the
most part to have normal ultrastructure and beat pattern.
There may, however, be some overlap between Young's
syndrome and PCD, as unique variants of the syndrome
have been described characterized by obstructive azoo-
spermia associated with situs inversus totalis and slight
defects of the cilia of the nasal mucosa*“*8. Based on the
abnormal rheological properties of mucus, it cannot be
excluded as a forme fruste of CF*°, with milder clinical
manifestations and normal sweat electrolyte concentra-
tion (Table 5). On the other hand, one possible aetiology
of the syndrome is considered to be mercury exposure
during childhood (“pink disease”), since a history of mer-
cury intoxication (from teething powders and vermifuges
which were formerly used) was elicited in some patients
who later developed the syndrome. The subsequent
observation of its reduction in incidence following the
removal of such preparations from general availability
led to the postulation of Hendry et al.*° that this was the
reason for the declining prevalence of Young's syndrome.
The disease is probably overlooked and underreported
because most patients have only mild respiratory dis-
ease that improves after adolescence, although severe
progressive cases have also been reported. Physicians
should keep the syndrome in mind when considering
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TABLE 5. Differential diagnosis of syndromes consisting of bronchiectasis-sinusitis-male infertility

Cystic fibrosis Primary ciliary dyskinesia Young's syndrome
Occurrence Familial Sporadic
Situs inversus ) (+) /() ()
Sweat chloride Elevated Normal
Seminal fluid Azoospermia Immotile sperms Azoospermia
Cilia Impaired function due to Abnormal ultrastructure Primary or secondary
viscous mucus or beating dysfunction (?)
Vas deferens Absent Palpable
Prominence of bronchiectasis Upper lobes Middle lobe and lingula

male patients with sinopulmonary infections associated
with infertility. In a study by Handelsman and associates®'
in Australia, the estimated prevalence of the syndrome
among infertile men is comparable to that of Klinefelter’s
syndrome and higher than that of CF or PCD. In addition,
Young's syndrome should always be included in the dif-
ferential diagnosis of bronchiectasis. A study from the
United Kingdom* found a prevalence of 3.3% of Young's
syndrome among 150 adult patients with bronchiectasis.

4. Primary immune deficiencies

The PIDs comprise a heterogeneous group of genetic
disorders that affect the development and maturation
of innate or adaptive (humoral and cellular) immunity.
The respiratory tract is profoundly affected by humoral
immunodeficiency**. Humoral immunodeficiencies can
vary from a complete failure of B-cell development to a
decreased ability to produce some classes or subclasses
of immunoglobulin, or a diminished ability to make an
antigen-specific antibody response. Almost all of the
original descriptions of primary B-cell deficiencies were
in children, but the propensity for infection may not be so
obvious in childhood, becoming apparent in adolescence
oradulthood. Over the last decade, therefore, people aged
18 years and above constitute an increasing percentage of
those identified to have PID. A recent retrospective analysis
of children with a history of respiratory symptoms referred
to a tertiary centre between 1996 and 2002 showed that
as many as 9.6% had non-CF bronchiectasis, of which
21% had a form of immunodeficiency®. In a study that
reviewed the aetiology of non-CF bronchiectasis in 136
paediatric patients monitored at 2 tertiary care institu-
tions, PID was identified as the underlying cause in 46
subjects (33.8%)"". Regarding innate immunity, defects

of neutrophil adhesion, respiratory burst, and chemot-
axis rarely lead to bronchiectasis®2. Most of the clinical
investigation on the aetiological relationship between
bronchiectasis and PID has focussed on patients with
X-linked agammaglobulinaemia** and common variable
immunodeficiency®®, these being the most common of
the primary antibody deficiencies (Table 1).

The clinical significance of selective IgG subclass
deficiency should be carefully evaluated, as testing has
not been standardized and there are distinct difficulties
in the accurate measurement of the levels, their“normal”
ranges are variable and the levels increase with age®.
In addition it is known that some individuals who are
completely healthy have one or more missing IgG sub-
classes. Analysis of specific antibody production is more
informative than measurement of the IgG subclasses®. A
challenge with a provocative B-cell antigen, such as the
pneumococcal vaccine or tetanus toxoid, might reveal a
reduced specific antibody response, suggesting that the
subclass deficiency is playing a role.

5. Alpha-1-antitrypsin deficiency

Deficiency of al-antitrypsin (AAT), beyond being the
only established genetic risk factor for chronic obstruc-
tive pulmonary disease (COPD), may also be associated
with bronchiectasis, neonatal jaundice, juvenile hepati-
tis, cirrhosis, hepatocellular carcinoma and, much less
frequently, vasculitis and panniculitis. The development
of bronchiectasis, rather than emphysema, in adult life
(Figure 6) is less common but has been documented in
a few case reports. Only a few studies have assessed the
association between AAT deficiency and bronchiectasis
or bronchial wall thickening. In Eriksson’s original study,
bronchiectasis was reported in two of 23 patients®. In a
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FIGURE 6. High resolution computed tomography (HRCT)
scan of the chest of a 27 year-old patient with al-antitrypsin
deficiency showing varicose bronchiectasis accompanied by
incipient emphysema, mainly in the right lung.

series of 17 patients with panlobular emphysema due to
AAT deficiency, bronchial wall thickening and/or dilata-
tion was observed in 7 and it was suggested that the
deficiency “may directly affect the airways in addition to
the lung parenchyma”>® King et al® found evidence of
multilobar bronchiectasis on CT scan in 6 of 14 patients
with AAT deficiency, and the bronchiectasis was more
common in the lobes with higher emphysema scores.
A recent study®' about airways disease in AAT-deficient
subjects revealed that 70 of 74 subjects had radiological
evidence of bronchiectasis and 20 (27%) were classified
as having clinically significant bronchiectasis. On average,
the airway lesions affected more than three lobes and the
distribution mirrored that of emphysema, with significantly
more airway disease in the lower lobes. This concordance
may indicate that there is a regional interaction between
the inflammatory processes considered to be causative
of each condition. On the other hand, another study®?
showed that patients with bronchiectasis but without
emphysema did not have AAT phenotype distribution
and gene frequencies different from those of control
subjects, in contrast to patients with both bronchiectasis
and emphysema, suggesting that the bronchiectasis
may be a consequence of emphysema rather than of
AAT deficiency per se. Shin and Ho® suggested that the
sequential clinical expression of AAT deficiency may be
emphysema alone, emphysema with chronic bronchitis,
and emphysema with chronic bronchitis and bronchi-
ectasis. The occurrence of bronchiectasis in patients
with emphysema is thought to be usually secondary
to matrix destruction and pressure loss. Bronchiectasis
may, however, appear in AAT-deficient patients who are
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exposed to repeated pulmonary infections, even before
the development of emphysema®. It may be that some of
the proteases released from phagocytes are more liable
to cause bronchial wall damage if unopposed by antipro-
teases, and all these findings indicate the need for further
characterization of airway disease to be included in future
therapeutic strategies for AAT deficiency. A case-control
study could be conducted to compare the prevalence
of CT-diagnosed bronchiectasis in emphysema patients
with and without AAT deficiency.

6. Williams-Campbell syndrome

In 1960, Williams and Campbell described 5 children
with recurrent pulmonary infections, bronchographic
findings of thin-walled bronchiectasis with the airway
diameter fluctuating with respiration, and main histo-
logical findings of extensive cartilage deficiency in the
subsegmental bronchial tree, from the fourth-generation
to sixth- or eighth-generation bronchi¢. Later, the name
Williams-Campbell syndrome was given to the constel-
lation of airway collapse, bronchiectasis, and bronchial
cartilage deficiency. Since these initial reports, several
further clinical and histopathological descriptions of the
syndrome have been published, including cases with
unilateral lung involvement® or with proximal airway
involvement®, but it is a rare form of congenital bronchi-
ectasis. The cause of the cartilage deficiency is uncertain
and there are no observable cartilage deficits other than
in the bronchi. Its occurrence in siblings and the very
early onset of symptoms suggest a congenital aetiology,
although the disorder may also present sporadically. Oc-
casionally, it is associated with other congenital abnor-
malities (congenital heart disease, bronchial isomerism,
situs inversus), and there have been recent descriptions
of the condition in adults, probably in an acquired form,
following adenovirus, measles or pertussis infection®’.
The highly compliant bronchi render the cough mecha-
nism inefficient for successful mucous drainage, as they
collapse during forced expiration®. The lung distal to
the bronchiectasis is often emphysematous. The clinical
course of the syndrome is variable, and children have
been described who rapidly progressed to respiratory
failure and death while others survived into adulthood
with recurrent infections and varying degrees of respira-
tory limitation. Documentation of long-term follow-up in
patients with the Williams-Campbell syndrome is limited.

7. Mounier-Kuhn syndrome (tracheobronchomegaly)

Tracheobronchomegaly, first described by Mounier-
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Kuhn in 1932, is characterized by marked dilatation
of the tracheobronchial tree involving the trachea and
main bronchi, but it may extend from the larynx to the
periphery of the lungs, with recurrent lower respiratory
tract infections”. A review of the world literature up to
2006 revealed less than 100 cases. The identification of
some patients with minimal or no symptoms suggests
that the incidence of the syndrome may be greater than
suspected. The syndrome has been described predomi-
nantly in males, usually in their third and fourth decades
of life, although cases have beenreported at ages ranging
from 18 months’' to 76 years. A familial form has been
described with possible recessive inheritance and acquired
forms have been reported as a complication of pulmonary
fibrosis in adults and of mechanical ventilation in preterm
neonates. Secondary tracheobronchomegaly has also been
described in association with the Ehlers-Danlos syndrome,
the Kenny-Caffey syndrome’?, rheumatoid arthritis’3,
ataxia-telangiectasia, ankylosing spondylitis™ and cutis
laxa, but the majority of cases appear to be sporadic. The
aetiology is uncertain, but a congenital defect or atrophy
of the smooth muscle and elastic connective tissue of
the trachea and main bronchi have been reported in
autopsy studies. Asa result, mucosal herniations through
the cartilaginous rings are developed, leading to saccular
tracheal diverticulosis (most commonly originating from
the right posterolateral wall), with retention of secretions
and resultant chronic pulmonary suppuration, true bron-
chiectasis, and non-specific fibrosis. More specific mani-
festations are the development of steroid-unresponsive
stridor and the occurrence of respiratory distress during
feeding. Pulmonary function tests show an increase in the
dead space and tidal volume. The diagnosis of tracheo-
bronchomegaly should be considered in patients with
recurrent pneumonia and chronic sputum production,
and as a cause of chronic respiratory failure in young
adults. A careful observation of the central airways on
the chest X-ray of these patients is obligatory.
Congenital tracheomalacia refers to diffuse or local-
ized weakness of the tracheal wall and may be part of a
generalized chondrodystrophy. The affected portion is
mainly intrathoracic, with accentuated obstruction dur-
ing expiration. The condition occurs in primary (intrinsic
abnormality of the tracheal wall) or secondary (extrinsic
compression) forms, although either can be congenital,
and occasionally other forms of tracheal dysplasia, such
as tracheoesophageal fistula, may also be observed.
Histopathological examination shows an increase in
the ratio of muscle to cartilage. Tracheomalacia impairs
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the clearance of mucus and is associated with recurrent
pneumonia. The disorder may persist into adult life and
is often referred to interchangeably with the Mounier-
Kuhn syndrome.

8. Bronchial atresia

Bronchial atresia is a rare congenital dysplasia char-
acterized by a focal, juxtahilar interruption of the normal
continuity of a segmental bronchus (the apicoposterior
segmental bronchus of the left upper lobe being most
commonly involved), which becomes sealed off from
the proximal airway to which it remains connected by
fibrous, vestigial strands’>. More than 100 cases have been
reported in the English language literature since 1953,
when bronchial atresia was first described’®. The bronchial
tree proximal to the atresia is patent and the bronchi
distal to the atresia maintain a branching pattern”, but
become filled with inspissated mucus not removable by
ciliary action and become progressively dilated, forming
a bronchocoele. Infections and scarring may ensue, with
the presentation of associated symptoms. The alveoli
supplied by the atretic bronchus are ventilated through
collateral pathways by a check-valve type mechanism,
resulting in trapping of air around the bronchocoele.
The diagnosis is usually incidental, as a transradiant left
upper zone on imaging draws attention to the anomaly,
usually during the second or third decade of life. When
diagnosed in young children, the clinical presentation may
be more severe, including cases of respiratory distress’.
Sometimes, bronchial atresia may resemble a “cavitary
lesion”with the depiction of an air-fluid level in the region
of bronchocoele” due to liquefaction of the impacted
mucous as a result of an infection (Figure 7).

9. Intralobar sequestration

Intralobar sequestration (ILS) refers to a mass of non-
functioning pulmonary tissue contiguous with adjacent
normal lung parenchyma that does not communicate
normally with the tracheobronchial tree®. The vast major-
ity of lesions are situated in the posterior basal segment,
approximately 2/3 being on the leftand 1/3 on the right.
ILS derives its arterial supply from the descending thoracic
aorta or one of its branches via the inferior pulmonary
ligament. In a number of cases, ILS is clearly congenital
in origin, but in the majority it is acquired secondary to
chronic bronchial obstruction and chronic infection®'. The
chief histopathological features are chronic inflammation,
cystic change, and fibrosis. The cysts resemble dilated
bronchi and are filled with mucus or, when infection is
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FIGURE 7. High resolution computed tomography (HRCT) scan
of the chest of a 26 year-old patient with bronchial atresia show-
ing a thin-walled cavity with an air-fluid level in it, instead of
the typical bronchocele, in association with the typical findings
of distal oligaemia and hyperlucency of the lung. (Reproduced
from reference 79).

present, with pus. Symptoms (fever, cough, and sometimes
haemoptysis) typically begin in the first or second decades
of life, but may also arise in the middle-aged and elderly?.
ILS should be suspected in young adults with nonresolv-
ing or recurrent lower lobe pneumonia®. Bronchiectasis
may also occur within an ILS that contains disorganized,
dilated and deformed bronchi®. The abnormal bronchi
may communicate with normal surrounding lung tissue
if the sequestration becomes complicated by infection
and ruptures.

10. Yellow nail syndrome

Yellow nail syndrome is a rare entity first described in
1964 by Samman and White®, and it is characterized by
the triad of chronic lymphoedema, thickened, dystrophic
yellow finger nails without clubbing and intractable pleural
effusions. Individual manifestations of the syndrome can
appear at different times and with variable severity, and
the diagnosis can be established if two of the manifesta-
tions are present. Recently, it has been proposed that the
frequent association of rhinosinusitis and bronchiectasis
with the syndrome may warrant their recognition as inte-
gral features of the disease. The median age of diagnosis
is 40 years, but it has been recognized as early as birth
and as late as the seventh decade. The aetiology remains
obscure; some authors have classified it as a hereditary
disorder, transmitted in an autosomal-dominant fashion,
while others have linked it to a variety of underlying dis-
eases including connective tissue disease, malignancy,
immunodeficiency states and endocrine disorders, or
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to an adverse drug reaction®. The pathophysiology of
the syndrome remains unclear, but various anatomical
and/or functional abnormalities of lymphatics have been
proposed as the underlying cause, and recently micro-
vasculopathy with protein leakage has been suggested
to be more likely®”. The occurrence of bronchiectasis is
also difficult to explain, but is attributable to the impaired
lymphatic drainage in the bronchi, which are normally
supplied by a rich network of lymphatics. Various types
of immunodeficiency described in earlier case reports
that could account for bronchiectasis were not manifest
in the population of a recent study at a tertiary referral
medical centre®. The possibility of PCD as a cause for
bronchiectasis in the yellow nail syndrome has been
investigated and refuted®.

DIAGNOSIS

The diagnosis of bronchiectasis is based on the detailed
history, clinical features, and radiological demonstration
of bronchiectatic airways. Ascertaining the aetiology of
bronchiectasis provides many clinical benefits (Table 6)
and the correct diagnosis permits the discontinuation of
unnecessary and potentially dangerous medications, such
as high-dose inhaled corticosteroids given for chronic
cough attributed to “difficult to control asthma”®. Un-
fortunately, the symptoms of bronchiectasis can be very
vague and, on many occasions, they do not point to the
underlying aetiology. It was often regarded in the past as
a condition in which extensive investigation is unlikely to
yield treatable causes, but recent studies have produced
results to change this concept. Pasteur et al*?, for example,
in a cohort of patients with bronchiectasis identified a
cause in 47% of cases. Li et al'" in a study of 136 patients
found a specific aetiology in 101 patients (74%), and, more

TABLE 6. Benefits of ascertaining the aetiology of bronchiectasis

1. Modification of treatment strategy

2. More accurate assessment of the benefits of forms of treat-
ment that may vary in their efficacy in different groups

3. Identification of specific therapeutic regimen required (e.g.,
nutritional, Ig replacement, alpha-1-antitrypsin augmenta-
tion therapy, artificial fertilization)

4. Vigilance about specific extrapulmonary manifestations
(pancreatic insufficiency, infertility, congenital heart disease,
hearing loss, emphysema)

5. Prognosis assessment

6. Genetic counseling
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important, in 77 of these patients the diagnoses led to
significant changes in the management. Table 7 shows
the diagnostic algorithm for the initial assessment of a
patient with bronchiectasis.

The diagnostic role of imaging studies

A confident diagnosis of Williams-Campbell syndrome
can be made on volumetric HRCT, which shows the
characteristic distribution of bronchiectasis (bilateral
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and symmetrical in the subsegmental bronchi)®, and
CT bronchoscopy shows absence of the cartilage ring
impressions in the bronchial wall®,

Regarding the Mounier-Kuhn Syndrome, HRCT allows
the precise airway measurement. In adults, the limits
are 3cm for the transverse diameter of the trachea, and
2.4cm and 2.3cm for the transverse diameters of the right
and left main bronchi, respectively®. The dilated bron-
chi typically have thin walls'®. Dynamic CT scan shows

TABLE 7. Diagnostic algorithm for initial assessment of a patient with bronchiectasis

Detailed history
« Age at onset of symptoms
« Family history (affected siblings)

Clinical features

« Associated with bronchiectasis (sputum volume and constituents, frequency of exacerbations, digital clubbing, haemoptysis,

adventitious breath sounds)

« Associated abnormalities (pancreatic insufficiency, infertility, congenital heart disease, pectus excavatum, lymphoedema)

Preliminary laboratory examination

« Complete blood cell count

« Erythrocyte sedimentation rate, C-reactive protein

« Quantitative assessment of serum immunoglobulins

« Pulmonary function tests

« Sputum culture (routine bacteria, mycobacteria, fungi)?
Imaging

+ Chest X-ray

« High resolution computed tomography (HRCT) scan of the chest
« Imaging of the sinuses

Otorhinolaryngological evaluation

Screening for underlying cause
« Sweat chloride concentration

« Exhaled nNO/assessment of ciliary clearance with an aerosolized, isotopic tracer (99Tc)”!

« Quantitation of IgG subclasses

« Serum a1-antitrypsin level

« Sperm motility in males of appropriate age

« Specific IgE and precipitins (IgG) to Aspergillus
« Oesophageal pH monitoring

Specific examinations based on initial results and referral to specialized centre

« If suspected cystic fibrosis (CF) — Genetic testing for a CFTR mutation

« If suspected primary ciliary dyskinesia (PCD) — Analysis of ciliary ultrastructure (transmission electron microscopy) and function
(high-speed video microscopy)®?<; genetic testing for DNAIT and DNAH5 mutations®

« If suspected primary immunodeficiency (PID) — Immunization with a specific provocative antigen for analysis of specific antibody

production, lymphocyte and neutrophil function studies

« If suspected alpha-1-antitrypsin deficiency (AATD) — Assessment of the genotype (PCR on dried blood-spot specimen) and
phenotype (speed of migration of AAT on gel electrophoresis) of AAT

a: Sputum cultures showing mucoid Pseudomonas aeruginosa, Staphylococcus aureus or Burkholderia cepacia suggest CF as the

underlying cause of bronchiectasis®*°.

b: Testing has been recommended for all patients with bronchiectasis without evident aetiology®.
c: Patients should be free of an acute upper respiratory tract infection for 4-6 weeks.
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pronounced ballooning of the trachea and main bronchi
on inspiration and collapse on expiration'®. Similarly, the
diagnosis of tracheobronchomalacia is suggested when
adecrease of greater than 50% in the cross-sectional area
of the central airway lumen is observed on dynamic CT
expiratory imaging.

In bronchial atresia, volumetric HRCT affords excellent
visualization of the mucoid impaction and segmental
overinflation and hypovascularity, even in cases where the
atresia affects non-typical segments of the lung'®'. These
findings are considered pathognomonic for bronchial
atresia by most authors'2'%, and help to differentiate
between bronchial atresia and congenital lobar em-
physema (absence of focal opacity) and bronchogenic
cyst (absence of hyperinflation). Similar findings can
sometimes be identified in other serious disorders, such
as lung cancer or bronchial adenoma, which must be
excluded by bronchoscopy that can also demonstrate
the patency of the central bronchi in doubtful cases’.
ILS appears on CT scanning as a complex mass with
focal areas of lucency or irregular cystic spaces with or
without fluid'®. Less common findings include nodules,
multiple dilated vessels, mucoid impaction, and foci of
calcification. The lung adjacent to ILS frequently shows
focal areas of emphysema and air trapping. Magnetic
resonance (MR) angiography can also accurately map
the aberrant vascular supply and optimally differentiate
the cystic, solid, haemorrhagic, and mucous components
of the mass, without the use of contrast material'®%.

Although there is still controversy about whether
the pattern of bronchiectasis distribution seen in the
different diseases is sufficiently characteristic to suggest
a specific diagnosis'”, characteristic locations have been
described in bronchiectasis of specific aetiology (Table
8). Additional helpful features are the presence of bilat-
eral, rather than unilateral, disease and the symmetry or
asymmetry of the distribution. In spite of this a study by
Lee et al'® showed that the distribution of bronchiectasis
overlapped greatly among the various causes, with the
result that experienced chest radiologists could accurately
diagnose the cause of bronchiectasis purely on HRCT
appearances in only 45% of the cases, with a low level of
agreement between them. In addition, HRCT performed
very late into the disease process, when a spilling-over
effect of the underlying disease may have occurred, may
not permit correlation of the distribution of abnormalities
with specific aetiology. The low percentage of confidence
in specific HRCT diagnosis is also attributed to the wide
range of abnormalities seen in any given condition. For
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TABLE 8. Presumptive distribution of congenital bronchiectasis

Location Disease
Focal « Congenital bronchial atresia
(apical-posterior segment of left
upper lobe)
« Intralobar sequestration
(posterior basal segment)
Diffuse

Upper lung fields « Cystic fibrosis

Central lung fields (also
lower lobes in case of
repeated infections)

« Primary ciliary dyskinesia
« Young's syndrome
+ Mounier-Kuhn syndrome

Lower lung fields + Hypogammaglobulinemia
+ Alpha-1-antitrypsin deficiency

« Idiopathic

milder or alternative forms of endobronchial infection
(protracted bacterial bronchitis, chronic suppurative lung
disease)'”, fiberoptic bronchoscopy with bronchoalveolar
lavage (BAL) has proved to be more sensitive than HRCT
scan in detecting airway pathology, at least in small chil-
dren, and should be considered complementary to HRCT
in the diagnosis and staging of recurrent endobronchial
infection', For these reasons, the diagnosis of the vari-
ous different causes of bronchiectasis cannot be reliably
made on the basis of the HRCT appearance alone and
the HRCT findings need to be interpreted in the specific
clinical context, but using this approach the radiologist
remains an integral partner in the diagnostic procedure.
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