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Abstract Diseases that involve the medium caliber airways (segmental and subsegmen-
tal bronchi) are common and present clinically with nonspecific respiratory symptoms such
as cough, recurrent respiratory infections and occasionally, hemoptysis. The abnormal and
irreversible dilation of bronchi is known as ‘‘bronchiectasis’’. The diagnosis can be challenging
and the analysis of the regional distribution of the bronchiectasis is the most useful diagnostic
guide. The objective of this manuscript is to describe the main imaging findings of bronchiectasis
and their classification, review the diseases that most commonly present with this abnormality,
and provide an approach to the diagnosis based on their imaging appearance and anatomic dis-
tribution. Bronchiectasis is a frequent finding that may result from a broad range of disorders.
Imaging plays a paramount role in diagnosis, both in the detection and classification, and in the
diagnosis of the underlying pathology.

© 2017 SERAM. Published by Elsevier Espana, S.L.U. All rights reserved.

Papel de los estudios de imagen en el diagnéstico etiologico de las bronquiectasias: la
distribucién es la clave

Resumen La patologia de las vias respiratorias de medio calibre (bronquios segmentarios y
subsegmentarios) es comun y se presenta con sintomas respiratorios poco especificos, como
tos, infecciones de repeticion y en ocasiones hemoptisis. La dilatacion permanente del arbol
bronquial se conoce como «bronquiectasia» y representa un reto diagnéstico. El analisis de
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la distribucion regional de las bronquiectasias en los diferentes lobulos pulmonares es la guia
diagnostica mas Gtil. El objetivo de este trabajo es describir los hallazgos de imagen de las bron-
quiectasias y sus diferentes tipos, revisar las situaciones mas comunes y proponer un algoritmo
diagnostico basado en su distribucion anatomica. Las bronquiectasias son un hallazgo frecuente,
resultado de un amplio espectro de enfermedades. Los estudios de imagen desempefan un papel
esencial en su deteccion, clasificacion y orientacion diagndstica hacia la patologia subyacente.
© 2017 SERAM. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

Introduction

Bronchiectases are a chronic inflammatory disease of the
airways that involve dilation and progressive destruction of
the brochial wall. Due to the little specificity of their clinical
manifestations, such as chronic cough, recurrent respira-
tory infections, expectoration or hemoptysis, the imaging
modalities play an important role in its diagnostic guide and
treatment.

Chest X-ray is the initial study in patients presenting
with respiratory symptoms.’ Recognizing the findings that
characterize bronchiectases is esencial in their diagnostic
algorythm. The computed tomography (CT) scan is the imag-
ing modality of choice in the study of the airways,”™* and
specifically in the diagnosis of bronchiectases thanks to the
anatomic information it provides, both of the airway and the
lung parenchyma, and its high spatial resolution so needed
if we want to visualize small bronchial structures. In addi-
tion, the CT scan can provide the keys to the etiological
diagnosis of bronchiectases. CT protocols with low radiation
doses allow its use in young patients and among the pediatric
population.>”’

The goal of this work is to describe the imaging findings
of bronchiectases as well as their different types, to review
the most common diseases that present this abnormality and
to propose a diagnostic algorithm based on its anatomical
distribution.

Definition, classification and imaging findings

The term ‘‘bronchiectasis’’ is reserved to describe per-
manent localized or diffused dilation of the bronchi.®-1°
Bronchiectases usually occur due to chronic infectious pro-
cesses; recurrent inflammation; obstruction of the bronchial
lumen; or systemic diseases,”'" resulting in a vicious cir-
cle of infection and inflammation that alters the dynamics
of the airways and the mucociliary transport, weakening
the wall, making it collapse and promoting the retention
of secretions.'? In up to 50 per cent of the cases the cause
is not identified. "

The abnormal dilation of the bronchioles is called
bronchiolectasis® and it is usually of inflammatory etiology,
or secondary to pulmonary fibrosis.

Based on their macroscopic morphology, bronchiec-
tases are categorized into three main groups'®-cylindrical,
varicose and cystic. Although this categorization has an
excellent correlation with the bronchiectases morphology
seen in the CT scans, its use is of little diagnostic utility,

since the different types usually coexist and they can be
associated with more than just one disease:

e Cylindrical bronchiectasis consists of the uniform dilation
of segmental brochi (Fig. 1A and B), in most cases spread-
ing to subsegmental branches.

e Varicose bronchiectases are characterized by the tortu-
osity of the affected bronchi, which, in addition to being
dilated, have some sort of difuse pseudosaccular appear-
ance (Fig. 1A and B).

o In cystic bronchiectasis, the bronchius acquires a rounded
morphology forming spaces of cystic appearance that con-
verge with one another in severe cases (Fig. 1A and B)
capable of simulating a ‘*honeycombe’’ pattern.

“*Traction bronchiectases’’ are a subtype of varicose
bronchiectases that occur in pulmonary fibrosis.’

Any of these types of bronchiectases can be associated
with the thickening of the brochial walls and with mucoid
impaction.

Chest X-ray findings are based on the severity and type
of bronchiectasis.

We should remember that: The ‘‘tram line’’ visualiza-
tion of bronchial walls (Fig. 2), and the peripheral tubular
opacities branching out, with the ‘‘finger-in-glove’’ sign in
cases of severe proximal bronchial dilation (Fig. 3) are signs
of bronchiectasis in the chest X-rays.”'”

In the CT scan axial images, the recognition of an
abnormal caliber of the bronchi is based on the associa-
tion between the arterial and bronchial calibers. Both the
arteries and the bronchi travel while wrapped up by the
same connective tissue (axial interstice) toward the pul-
monary periphery, and when they branch out, the proportion
between both their calibers remains relatively constant.
We should not forget that the lack of progressive bronchial
tapering toward the pulmonary periphery, and one bronchio-
arterial relation >1 in the CT scan axial slices, are useful
if we want to determine the presence of bronchiectases
in adults.” One dilated bronchus adjacent to its arterial
branch with a smaller caliber gives the appearance of the
characteristic *‘signet-ring sign’’%%1"* (Fig. 3).

In healthy people, bronchi are only visualized on the CT
scan up to 2-3 cm of the pleural surface. The only structure
of the secondary pulmonary lobule that is normally seen is
the centrilobular artery.?

We should remember that: visualization of the bronchi in
the lung periphery is indicative of bronchiectasis.'”

The thickening of bronchial walls; mucoid impactions;
mosaic pattern; and air trapping are usually associated find-
ings.
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Figure 1

(A) lllustrations of the different morphological types of bronchiectases. (B) Axial CT scan slices in two patients illustrating

the different morphological types of bronchiectases: cylindrical bronchiectasis (arrowheads), varicose bronchiectasis (white arrow)

and cystic bronchiectasis (hollow arrow).

Etiologic diagnosis: the key is distribution

The analysis of the regional distribution of bronchiectasis
is the most useful diagnostic guide (Table 1). They can be
diffuse; central; or focal, and have a preference for apical,
anterior or inferior pulmonary regions. Here is a look at them
based on their regional distribution in order to facilitate the
differential diagnosis.

Diffuse bronchiectasis

Diffuse bronchiectasis with predominant apical
involvement

The most common disease in this group is cystic fibro-
sis. It is a recesive autosomal genetic disorder due to an
alteration of the gene that encodes the cystic fibrosis trans-
membrane conductance regulator (CFTR) protein. It usually

occurs in the pediatric age, with a wide spectrum of severity.
Repeated respiratory infections and excessive production of
sputum are the most common respiratory manifestations.
Pancreatic failure and infertility are its most common sys-
temic manifestations.>'®

Commonly, bronchiectases in cystic fibrosis are predom-
inantly apical and peripheral, with damage of segmental
and subsegmental bronchi in severe forms. Due to an
abnormal mucociliary transport,®> there is an extensive
mucoid impaction in the affected bronchi, which can dilate
greatly and adopt cylindrical or cystic forms (Fig. 2A and
B). Colonization by microorganisms such as Pseudomonas
aeruginosa'® is not uncommon, which can result in extensive
scarring (Fig. 2c).

Bronchiectases in pulmonary sarcoidosis are seen in
cases of severe interstitial fibrosis (stage 4) as trac-
tion bronchiectases'>?? that mainly affect the superior
lobes (Fig. 4). Other associated findings characteristic of



42 J. Bueno, L. Flors

Figure 2 Twenty-three-year-old male with cystic fibrosis. (A) The chest X-ray shows extensive bronchial thickening, and
‘*tramline’’ opacities predominantly in the superior lobes, secondary to bronchiectasis (arrows). The abnormal convexity of the aor-
topulmonary window (arrowhead) is due to associated mediastinal adenopathies. (B) Axial CT scan image confirming the existence
of extensive cylindrical bronchiectases, mainly segmental and subsegmental (arrows). (C) Coronal CT reconstruction in another
paciente with cystic fibrosis complicated with recurrent infections showing great distortion of lung architecture due to severe
fibrosis and formation of bullae and apical cystic cavities (asterisks).

Figure 3  (A) Axial CT scan image showing ‘‘signet-ring sign’’ characterized by the abnormal proportion between arterial (arrow-
head) and bronchial diameter (arrow) defining the presence of bronchiectasis. This sign takes its name because its appearance is
similar to a ring and its stone (illustration). (B) Posteroanterior chest X-ray showing the ‘‘finger-in-glove’’ sign, characterized by
one tubular opacity branching out (arrows) due to mucoid impaction and severe bronchial dilation.

UPRIGHT

A

Figure 4  Fifty-eight-year-old male with a history of pulmonary sarcoidosis. The posteroanterior chest X-ray (A) and the Coronal
CT reconstruction (B) show the characteristic distortion of the pulmonary parenchyma secondary to advanced sarcoidosis. There is
traction bronchiectasis (arrows) and apical cavities (asterisks) due to severe fibrotic changes. The axial CT scan image (C) shows
solid and partially calcified masses within the cavities representative of mycetomas (arrows) due to saprophytic colonization by
Aspergillus.
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Table 1

Classification of bronchiectases based on their distribution.

Diffuse bronchiectases

Anterior predominance

Basal predominance

Without regional predominance

Central Bronchiectases
aspergillosis
Focal Bronchiectases

e Bronchial atresia

e Extrinsic compression

o Foreign body

Apical predominance

o Cystic fibrosis

e Sarcoidosis

e Infection due to nontuberculous
mycobacteria

o Adult respiratory distress syndrome
e Chronic aspiration sequelae

o Ciliary dyskinesia

o Pulmonary fibrosis

e Immunosuppression-associated
bronchiectasis

e Bronchiolitis obliterans

e Mounier-Kuhn syndrome

o Williams-Campbell syndrome

o Allergic bronchopulmonary

o Post-radiotherapy fibrosis
e Tuberculosis sequelae

e Endobronchial neoplasm

o Bronchial stenosis

Figure 5 Fifty-eight-year-old woman with chronic cough of
several years duration. The axial CT scan image shows diffuse
bronchial thickening and segmental and subsegmental cylindri-
cal bronchiectases in the middle lobe and the lingula (arrows).
This distribution is characteristic of chronic infection due to
nontuberculous mycobacteria.

sarcoidosis are calcifications of hilar and mediastinal nodes,
and perilymphatic nodes.?’

Diffuse bronchiectasis of anterior predominant
distribution

Infection due to non-tuberculous mycobacteria usually
affects the middle lobe and the lingula in middle-aged
women with normal immunity with recurrent cough.??
Bronchiectases are cylindrical and varicose, associated with
bronchial thickening, mucus plugs and peribronchiovascular
nodes (Fig. 5).

In the adult respiratory distress syndrome (ARDS), after
its early inflammatory phase, the proliferation of fibroblasts
results in pulmonary fibrosis.?* Both the predominantly ante-
rior distribution of fibrosis and traction bronchiectases seem
to be due to the protective effect against the barotrauma
exerted by consolidations, and the dependent atelectasis
that characterize the early stages of ARDS.?*

Diffuse bronchiectasis of basal predominant distribution
The ciliary dyskinesia syndrome is characterized by an
abnormal mucociliary transport and it characteristically
occurs with recurrent respiratory infections. The age of
occurrence is variable, and patients can remain asymp-
tomatic until adulthood.?* Due to a generalized ciliary
dysfunction, it is invariably associated with sinusitis and
often with alterations in sperm motility and male infertility.
The Kartagener syndrome, characterized by situs inver-
sus, bronchiectases and sinusitis, occurs in approximately
half the patients with ciliary dyskinesia. The findings of
bronchiectasis both on the chest X-rays and the CT scans
are similar to the ones reported in other diseases that occur
with bronchiectases, yet damage is predominantly basal?
(Fig. 6).

Aspiration bronchitis/bronchiolitis is a relatively misdiag-
nosed condition, but not an uncommon one. Patients with an
altered mental status; dysfunction in their swallowing mech-
anism; or a history of neck neoplasms that may have required
resection or radiotherapy are considered groups of risk. Due
to the gravitational gradient, bronchiectases resulting from
repeated microaspiration of gastric content are predomi-
nantly basal.?”>? In addition to bronchiectases, bronchial
thickening, mucoid impaction, ‘‘tree-in-bud’’ opacities, and
subsegmental atelectasis are common findings too (Fig. 7).
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Figure 6

Forty-three-year-old male with a history of sinusitis, recurrent pneumonias and infertility. (A) The coronal CT scan

image of paranasal sinuses shows extensive occupation of the maxillary sinuses (asterisks) and the ethmoidal air cells due to mucoid
material. The bony walls of paranasal sinuses are intact. (B) The posteroanterior chest X-ray shows heterogeneous opacities in
both pulmonary bases, predominantly in the left one. There are tubular transparencies and bronchial thickening, indicative of
bronchiectasis (circle). (C) The axial CT scan image confirms the presence of bronchial thickening and dilation (arrows) in the
inferior left lobe, and bronchiolectasis (arrowheads) due to distal bronchiolar damage.

Figure 7 Sixty-seven-year-old male with a history of hiatal
hernia and recurrent pneumonias. The axial CT scan image
shows cystic bronchiectasis (arrows) with basal distribution,
secondary to recurrent aspiration. There is circumferential
thickening and dilation of distal esophagus (asterisk).

Bronchiectases associated with pulmonary fibrosis in
cases of usual interstitial pneumonia and nonspecific inter-
stitial pneumonia are also predominantly basal and are
characteristically traction bronchiectases? in the areas of
fibrosis (Fig. 8).

Simliarly, basal predominance has been reported in
idiopathic bronchiectases and bronchiectases associated
with hypogammaglobulinemia and immunosuppression°
(Figs. 9 and 10).

In patients with lung transplants, the development of
bronchiolitis obliterans (BO) as a chronic dysfunction of
the graft is well known and it occurs in up to 50 per
cent of the cases. It is an important cause of morbidity
and mortality, and develops in approximately 12-18 months

Figure 8 Sixty-three-year-old male with a history of idio-
pathic pulmonary fibrosis confirmed through lung biopsy. The
high-resolution axial CT scan image shows bronchiectasis and
traction bronchiolectasis (arrows) of a varicose morphology
and secondary to underlying advanced pulmonary fibrosis, in
this case being a usual interstitial pneumonia characterized by
extensive subpleural reticulation and areas of basal honeycomb-
ing (arrowheads).

after the trasplant.’"*2 BO can also occur in patients with
heart transplants®}; in cases of graft versus host disease
after hematopoietic stem cell trasplants; in occupational
diseases, associated with systemic causes such as rheuma-
toid arthritis, or be of idiopathic nature.?*3 Bronchiectases
associated with BO are usually predominantly basal, cylin-
drical and symmetrical. At times, they are associated with
thickening of bronchial walls and mosaic attenuation of
the pulmonary parenchyma. The latter finding, due to
areas of regional air trapping, can be seen through the CT
scan expiratory images, although it is not always observed
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Figure 9  Forty-eight-year-old male with a history of chronic
cough and recurrent pneumonia. The axial CT scan image shows
consolidation and cystic bronchiectases in the middle lobe
(arrows). There is also thickening of bronchial walls, centrilobu-
lar micronodes and ‘‘tree-in-bud’’ opacities (circle) in the lower
right lobe due to multilobar condition.

and its presence is not related to the severity of the
disease.3"3?

Diffuse bronchiectases without regional predominance

Less common diseases presenting wiht abnormalities in the
airway cartilage composition, such as the Mounier-Kuhn syn-
drome, and the Williams-Campbell syndrome present with
diffuse bronchiectases without regional predominance. The

Mounier-Kuhn syndrome, also known as tracheobronchome-
galy, is characterized by the caliber widening of the upper
airways, with a tracheal diameter >3 cm and main bronchi
>2.4cm on the CT scans.>* Also, the presence of pseudo-
diverticuli on the tracheobronquial walls is characteristic of
this condition (Fig. 11). The Williams-Campbell syndrome
characteristically affects fourth to sixth generation bronchi,
keeping the central airways untouched' (Fig. 12).

Bronchiectasis of central predominant distribution

Allergic bronchopulmonary aspergillosis is characterized by
large central bronchial dilations, with extensive mucus
plugs and thick secretions, causing the classical ‘‘finger-
in-glove’’ sign in the chest X-rays (Fig. 3). On the CT
scan, the bronchial content shows a characteristically high
attenuation'”%” (Fig. 13).

Focal bronchiectasis

Unlike the causes of diffuse bronchiectases, the presence of
focal bronchiectases is usually secondary to the obstruction
of the bronchial lumen (due to tumor, inflammation, foreign
body, or stenosis), with the subsequent distal dilation of the
bronchus.

We should remember that: the study of focal bronchiec-
tases requires bronchoscopic assessment in order to
determine and treat the cause.” The ‘‘finger-in-glove’”’
radiological sign, characterized by tubular opacity that may
branch out, describes the appearance of focal bronchiec-
tases occurring in cases of bronchial atresia, postinfectious
bronchial stenosis, or secondary to a foreign body in a lobar
or segmental bronchus. This type of bronchiectasis is also
known as ‘‘bronchocele’’,? since these disorders result in
the retention of secretion and the significant dilation of the
affected bronchus (Fig. 14).

Figure 10

Forty-seven-year-old male with a history of Crohn’s disease with chronic cough. (A) Lateral chest X-ray showing bronchial

thickening and partial volume loss in the middle lobe (arrowheads). We can see tubular ‘‘tramline’’ opacities (arrow), indicative of
bronchiectasis. (B) The axial CT scan image confirms the radiographic findings. There is diffuse thickening of bronchial walls, yet

the presence of bronchiectasis is limited to the middle lobe.
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Figure 11 Mounier-Kuhn syndrome. Axial CT scan images in two patients showing great increase of tracheal diameter (arrows),
dilation and pseudosacculations of the central bronchial walls (arrows), and generalized cylindrical bronchiectasis (arrowheads).

Figure 12  Forty-nine-year-old woman with a history of chronic cough and recurrent respiratory infections. Axial CT scan image
showing diffuse thickening of bronchial walls, and varicoid (white arrow) and cystic bronchiectasis (arrowhead) affecting the seg-
mental and subsegmental bronchi. There are central bronchial pseudosacculations (hollow arrow), but the main bronchi and the
tracheal caliber are normal. This set of findings is characteristic of the Williams-Campbell syndrome.

Figure 13  Forty-three-year-old woman with a history of asthma complicated with allergic bronchopulmonary aspergillosis. (A)
Coronal CT reconstruction showing bronchiectasis and mucoid impactions with ‘‘glove-in-finger’’ appearance in both inferior lobes
(arrows). (B) The axial image in a mediastinal window setting shows high density (54 HU, arrows) in the lumen of bronchiectasis -
a characteristic finding of allergic bronchopulmonary aspergillosis.
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Figure 14  Thirty-one-year-old asymptomatic male. Coronal reconstruction (A) and axial CT scan slice (B) showing focal bronchiec-
tasis with mucoid impaction in a characteristic ‘‘finger-in-glove’’ image in the upper left lobe (arrows), distal to bronchial atresia
(arrowhead). (C) Axial image with contrast manipulation in the lung window in order to highlight segmental hypodensity secondary
to trapping distal to the obstruction of the atrophied bronchus (encircled area).

l

Figure 15 Twenty-five-year-old male with a history of tuberculosis treated during childhood; currently asymptomatic. (A) The
posteroanterior chest X-ray shows cicatricial atelectasis with loss of upper left lobe volume and pulmonary hilum upper retraction
(arrows). There is associated pleural apical thickening (arrowhead). (B) Coronal CT reconstruction in minimum intensity projection
(MinlP) showing cylindrical bronchiectases (arrow) associated with total volume loss of the superior left lobe. There is compensatory
expansion of right lung that shows areas of lesser attenuation (asterisks), indicative of air trapping, probably due to post-infectious

bronchiolitis.

Some inflammatory or infectious processes may cause
focal bronchiectases, as it is the case with radiotherapy
fibrosis. Traction bronchiectases appear close to the irra-
diated area as a result of pulmonary fibrosis.” Also, the
scarring process of infections such as tuberculosis in any of
its stages, and specifically bronchial tuberculosis, is associ-
ated with bronchial wall damage and fibrosis, and results in
bronchiectases.>® Since the bacillus tha causes tuberculosis
has a preference for pulmonary apices, this type of post-
tuberculous bronchiectases has a focal apical distribution
(Fig. 15).

Conclusions

Bronchiectases are a common finding and they can be
the result of a broad range of diseases, including con-
genital; infectious; inflammatory; systemic; and iatrogenic
conditions. Imaging modalities play a crucial role in their
detection and classification. Specifically, the analysis of its

distribution through CT scans allows diagnostic guidance of
the underlying disease.

Ethical disclosures
Protection of human and animal subjects. The authors

declare that no experiments with human beings or animals
have been performed while conducting this investigation.

Confidentiality of data. The authors confirm that in this
article there are no data from patients.

Right to privacy and informed consent. The authors con-
firm that in this article there are no data from patients.

Authors contribution

1. Manager of the integrity of the study: JB and LF.
2. Study Idea: JB and LF.



48

J. Bueno, L. Flors

WON AW

10.

Study Design: JB and LF.

Data Mining: JB and LF.

Data Analysis and Interpretation: JB and LF.

Statistical Analysis: N/A.

Reference: JB and LF.

Writing: JB and LF.

Critical review of the manuscript with intellectually rel-
evant remarks: JB and LF.

Approval of final version: JB and LF.

Conflict of interest

The authors declare no conflict of interests.

References

10.

1.

12.

13.

14.

. Murphy KP, Maher MM, O’Connor O0J.

. Kirsch J, Ramirez J, Mohammed TL, Amorosa JK, Brown K,

Dyer DS, et al. ACR Appropriateness Criteria® acute respira-
tory illness in immunocompetent patients. J Thorac Imaging.
2011;26:42-4.

. Acar T, Bayraktaroglu S, Ceylan N, Savas R. Computed tomo-

graphy findings of tracheobronchial system diseases: a pictorial
essay. Jpn J Radiol. 2015;33:51-8.

. Dirksen A, Wille MM. Computed tomography-based subclassifi-

cation of chronic obstructive pulmonary disease. Ann Am Thorac
Soc. 2016;13:114-7.

. Grenier PA, Beigelman-Aubry C, Fetita C, Preteux F, Brauner

MW, Lenoir S. New frontiers in CT imaging of airway disease.
Eur Radiol. 2002;12:1022-44.

Imaging of cys-
tic fibrosis and pediatric bronchiectasis. Am J Roentgenol.
2016;206:448-54.

. Patria MF, Longhi B, Lelii M, Tagliabue C, Lavelli M, Galeone C,

et al. Children with recurrent pneumonia and non-cystic fibrosis
bronchiectasis. Ital J Pediatr. 2016;42:13.

. Yedururi S, Guillerman RP, Chung T, Braverman RM, Dishop
MK, Giannoni CM, et al. Multimodality imaging of tra-
cheobronchial disorders in children. Radiographics. 2008;

28:e29.

. Hansell DM, Bankier AA, MacMahon H, McLoud TC, Muller NL,

Remy J. Fleischner society: glossary of terms for thoracic imag-
ing. Radiology. 2008;246:697-722.

. Cantin L, Bankier AA, Eisenberg RL. Bronchiectasis. Am J

Roentgenol. 2009;193:158-71.

Magis-Escurra C, Reijers MH. Bronchiectasis system-
atic review 1507. BMJ Clin Evid. 2013. Available from:
http://clinicalevidence.bmj.com/x/systematic-review/1507/
overview.html (consulted 05.05.17).

Shoemark A, Ozerovitch L, Wilson R. Aetiology in adult patients
with bronchiectasis. Respir Med. 2007;101:1163-70.

Blauvelt DG, Castellanos A, Stern TA, Puig A. Necrotiz-
ing pneumonia and bronchiectasis in a previously healthy
30-year-old man. BMJ Case Rep. 2015;2015, http://dx.doi.
org/10.1136/bcr-2014-207747, pii: bcr2014207747.

Heard BE, Khatchatourov V, Otto H, Putov NV, Sobin L. The
morphology of emphysema, chronic bronchitis, and bronchiec-
tasis: definition, nomenclature, and classification. J Clin Pathol.
1979;32:882-92.

Reiff DB, Wells AU, Carr DH, Cole PJ, Hansell DM. CT find-
ings in bronchiectasis: limited value in distinguishing between
idiopathic and specific types. Am J Roentgenol. 1995;165:
261-7.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Milliron B, Henry TS, Veeraraghavan S, Little BP. Bronchiecta-
sis: mechanisms and imaging clues of associated common and
uncommon diseases. Radiographics. 2015;35:1011-30.
McGuinness G, Naidich DP, Leitman BS, McCauley DI. Bronchiec-
tasis: CT evaluation. Am J Roentgenol. 1993;160:253-9.
Bonavita J, Naidich DP. Imaging of bronchiectasis. Clin Chest
Med. 2012;33:233-48.

Jones AM. Cystic fibrosis and non-cystic fibrosis bronchiectasis.
Semin Respir Crit Care Med. 2015;36:167-8.

Moss RB. Fungi in cystic fibrosis and non-cystic fibrosis
bronchiectasis. Semin Respir Crit Care Med. 2015;36:207-16.
Baughman RP, Lower EE, Gibson K. Pulmonary manifestations of
sarcoidosis. Presse Med. 2012;41:289-302.

Aksamit TR, O’Donnell AE, Barker A, Olivier KN, Winthrop KL,
Daniels ML, et al. Adult bronchiectasis patients: a first look
at the United States Bronchiectasis Research Registry. Chest.
2017;151:982-92.

Kwak N, Lee CH, Lee HJ, Kang YA, Lee JH, Han SK,
et al. Non-tuberculous mycobacterial lung disease: diagno-
sis based on computed tomography of the chest. Eur Radiol.
2016;26:4449-56.

Burnham EL, Janssen WJ, Riches DWH, Moss M, Downey GP.
The fibroproliferative response in acute respiratory distress
syndrome: mechanisms and clinical significance. Eur Resp J.
2013;43:276-85.

Desai SR. Acute respiratory distress syndrome: imaging of the
injured lung. Clin Radiol. 2017;57:8-17.

Gupta AK, Lodha R, Kabra SK. Non cystic fibrosis bronchiectasis.
Indian J Pediatr. 2015;82:938-44.

Olm MA, Caldini EG, Mauad T. diagnosis of primary ciliary dysk-
inesia. J Bras Pneumol. 2015;41:251-63.

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

Franquet T, Gimenez A, Roson N, Torrubia S, Sabate JM, Perez C.
Aspiration diseases: findings, pitfalls, and differential diagnosis.
Radiographics. 2000;20:673-85.

Westcott JL, Cole SR. Traction bronchiectasis in end-stage pul-
monary fibrosis. Radiology. 1986;161:665-9.

Boyton RJ. Regulation of immunity in bronchiectasis. Med Mycol.
2009;47:175-82.

Li Ng Y, Paul N, Patsios D, Walsham A, Chung T, Keshavjee S,
et al. Imaging of lung transplantation: review. Am J Roentgenol.
2009;192:1-13.

Worthy SA, Park CS, Kim JS, Muller NL. Bronchiolitis obliter-
ans after lung transplantation: high-resolution CT findings in 15
patients. Am J Roentgenol. 1997;169:673-7.

Bankier AA, Van Muylem A, Knoop C, Estenne M, Gevenois
PA. Bronchiolitis obliterans syndrome in heart-lung trans-
plant recipients: diagnosis with expiratory CT. Radiology.
2001;218:533-9.

Moulton BC, Barker AF. Pathogenesis of bronchiectasis. Clin
Chest Med. 2012;33:211-7.

Chamberlain D, Maurer J, Chaparro C, Idolor L. Evaluation of
transbronchial lung biopsy specimens in the diagnosis of bron-
chiolitis obliterans after lung transplantation. J Heart Lung
Transpl. 1994;13:963-71.

Chung JH, Kanne JP, Gilman MD. CT of diffuse tracheal diseases.
Am J Roentgenol. 2011;196:240-6.

Agarwal R, Khan A, Garg M, Aggarwal AN, Gupta D. Pictorial
essay: allergic bronchopulmonary aspergillosis. Indian J Radiol
Imaging. 2011;21:242-52.

Salkin D. Tuberculosis as a cause of upper lobe bronchiectasis.
Calif Med. 1950;73:577-80.


http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0195
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0200
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0205
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0210
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0215
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0220
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0225
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0230
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0235
http://clinicalevidence.bmj.com/x/systematic-review/1507/overview.html
http://clinicalevidence.bmj.com/x/systematic-review/1507/overview.html
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0245
dx.doi.org/10.1136/bcr-2014-207747
dx.doi.org/10.1136/bcr-2014-207747
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0255
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0260
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0265
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0270
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0275
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0280
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0285
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0290
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0295
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0300
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0305
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0310
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0315
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0320
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0325
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0330
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0335
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0340
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0345
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0350
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0355
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0360
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0365
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0370
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0375
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380
http://refhub.elsevier.com/S2173-5107(17)30079-4/sbref0380

	The role of imaging in the diagnosis of bronchiectasis: The key is in the distribution
	Introduction
	Definition, classification and imaging findings
	Etiologic diagnosis: the key is distribution
	Diffuse bronchiectasis
	Diffuse bronchiectasis with predominant apical involvement
	Diffuse bronchiectasis of anterior predominant distribution
	Diffuse bronchiectasis of basal predominant distribution
	Diffuse bronchiectases without regional predominance

	Bronchiectasis of central predominant distribution
	Focal bronchiectasis

	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Authors contribution
	Conflict of interest
	References


