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Abstract
The nonrecognition of asthma-associated comorbidities is 
often responsible for the therapeutic failure and the worsen-
ing of symptoms, and it is associated with frequent exacer-
bations, higher disease severity, and increased health costs. 
Bronchiectasis, one of the most frequent asthma-associated 
comorbidities, can increase airways inflammation and exac-
erbation rates and cause respiratory functional impairment. 
The aim of this article is to review the interactions between 
bronchiectasis and asthma, in order to better identify pa-
tients in the overlap between the 2 diseases and to select an 
“ad hoc” therapy. A literature search on PubMed/MEDLINE 
was performed using the following search terms: bronchiec-
tasis in asthma, the association between asthma and bron-
chiectasis, comorbidities in asthma, and severe asthma. This 
review analyzed the following items: incorrect or underesti-
mated diagnosis of asthma and bronchiectasis, prevalence 
of bronchiectasis in asthma, the impact of bronchiectasis in 
asthma, radiological imaging features of the 2 diseases, etio-
pathogenesis, and common causes (such as gastroesopha-

geal reflux disease, immune deficits, chronic rhinosinusitis 
and allergic bronchopulmonary aspergillosis, and treatment 
of asthma and bronchiectasis). The concomitant presence of 
bronchiectasis and asthma should be suspected and inves-
tigated in patients with severe asthma, frequent exacerba-
tions, and not responding to standard therapy. This clinical 
phenotype, characterized by a more severe disease, worse 
outcomes, and functional decline, must be readily recog-
nized in order to choose the most appropriate therapeutic 
approach, able to potentially improve the management of 
bronchial asthma, to prevent the onset of exacerbations as 
well the functional decline, and to reduce health costs.

© 2020 S. Karger AG, Basel

Introduction

The recently published document Global INitiative for 
Asthma 2019 [1] underlined that the primary objective 
for the achievement of the control of asthmatic patients 
is identification and management of comorbidities other 
than verifying the adherence to the therapy. The nonrec-
ognition of the several asthma-associated comorbidities 
is often responsible of the therapeutic failure and the 
worsening of symptoms, associated with frequent exacer-
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bations, a higher disease severity, and increased health 
costs [2, 3]. Among the more and more frequent asthma-
associated comorbidities [4], bronchiectasis represents a 
heterogeneous and often unrecognized disease, which 
makes the management and therapeutic success of asth-
ma more difficult and complex [5]. The increase of mean 
age, survival, chronic diseases such as chronic obstructive 
pulmonary disease (COPD) and asthma, and the higher 
use of high-resolution computer tomography (HRCT) 
made it possible to detect more frequently the presence of 
bronchiectasis [6]. Several studies [7–20] showed that the 
concomitant presence of bronchiectasis and asthma in 
the same patient could increase airways inflammation 
and exacerbations rates and cause a functional decline. 
Severe asthma seems to be associated with a high rate of 
bronchiectasis. The management of the single diseases is 
widely supported by international Guidelines [1, 21, 22], 
but few studies to date assessed their association or how 
the 2 diseases affect each other [23–25]. The more and 
more frequent presence of bronchiectasis in patients af-
fected by bronchial asthma, especially in severe forms, 
made it seems that asthma could have a causative role in 
the development of bronchiectasis, where mucus, infec-
tion, and chronic inflammation represent the common 
“treatable traits” [26–28], which have to be considered by 
pneumologists for a correct therapeutic approach. The 
several phenotypes of asthma [29] need a different thera-
peutic approach characterized by an adequate and indi-
vidualized therapeutic plan (precision therapy) [30–32]. 
It is therefore essential to understand how much and in 
what way bronchiectasis interact with asthma, in order to 
identify patients in overlap between the 2 diseases and to 
select an “ad hoc” therapy.

Methods

A literature search on PubMed/MEDLINE was performed us-
ing the following search terms: bronchiectasis in asthma, associa-
tion between asthma and bronchiectasis, comorbidities in asthma, 
severe asthma, without time limits.

Asthma and Bronchiectasis: Incorrect or 
Underestimated Diagnoses

The prevalence of asthma, one of the more common 
and heterogeneous respiratory diseases, is progressively 
increasing [33], and approximately 5–10% [34, 35] of pa-
tients are affected by severe (defined as the need to high-

dose inhaled corticosteroids associated with a second 
controller and/or systemic steroids for the disease con-
trol) [1, 36, 37] and treatment-resistant forms. Under the 
“umbrella” of heterogeneous forms of asthma [38], there 
are also allergic, hypereosinophilic and noneosinophil- 
ic, and steroid-resistant forms (defined as “neutrophilic 
asthma”) [39–41]. About 20–30% of asthmatic patients 
are affected by this form, characterized by an intense neu-
trophilic inflammation at bronchial level [42] such as in 
bronchiectasis.

Among the most frequent comorbidities of asthma, 
bronchiectasis represents a very heterogeneous disease 
with a negative impact on its severity, pathophysiology, 
evolution, and prognosis.

Bronchiectasis is relatively uncommon, with an esti-
mated prevalence of about 139 cases/100,000 US adults 
[43], especially women, even if Seitz et al. [44] reported a 
significant increase of the prevalence during the last years, 
with an annual incremental rate of 8% starting from 2001.

Albeit different, these 2 diseases share similar func-
tional and clinical features which, in practice, can lead to 
a misdiagnosis in favor of asthma and an underestimation 
of bronchiectasis. In fact, the gold standard tool for the 
diagnosis of bronchiectasis is chest HRCT [45], which is 
not routinely indicated for asthmatic patients and usually 
performed in selected and complex cases only. On the 
contrary, the diagnosis of asthma is mainly based on 
functional criteria such as reversibility of airway obstruc-
tion and hyperreactivity tests [1], according to the Amer-
ican Thoracic Society/European Respiratory Society 
Guidelines [46]. However, these tests have high suscepti-
bility but low specificity, due to the fact that reversibility 
of airway obstruction can be also observed in other dis-
eases such as COPD and bronchiectasis [47–51], with a 
variability ranging from 5 to 25% [52]: this can lead to a 
misdiagnosis and a treatment delay if these tests are not 
associated with patients’ clinical status. In any case, the 
reversibility observed in bronchiectasis patients was re-
lated to the presence of a chronic eosinophilic inflamma-
tion [53]. The bronchial hyperreactivity test is positive in 
several systemic and respiratory diseases [54, 55] and in 
50% of patients with bronchiectasis [56], especially in 
case of concomitant hypereosinophilia [53]. Considering 
the clinical features of both asthma and bronchiectasis, 
the presence of dyspnea, wheezing, cough, and mucus 
production are common overlapping symptoms of the 2 
diseases [57], even if of patients’ age, duration of asthma, 
the frequency of exacerbations, and infections with mu-
cus purulence are key features to suspect the presence of 
bronchiectasis.
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Sputum
The eosinophilic inflammation, observed in 31% of 

bronchiectasis patients [53], can create further confusion 
because, as stated before, it can result in clinical/function-
al phenotypes similar to typical asthma. The differential 
cytologic examination of sputum [58, 59] can represent a 
valid noninvasive tool for identifying the features of a 
chronic inflammation; however, this method, even if val-
idated and to date widely used [60], has some limitations, 
such as operator- and center-dependent sample collec-
tion and analysis. The “induced sputum” can give differ-
ent results based on the method used for the sputum in-
duction, the collection timing, and clinical status of the 
patient.

As recently reported by Dimakou et al. [18] and Pa-
dilla et al. [20], productive cough with mucopurulent 
sputum, often positive for potential pathogen microor-
ganisms such as Haemophilus influenzae and Pseudomo-
nas aeruginosa (this latter widely considered an indepen-
dent factor for mortality and worse outcomes in bronchi-
ectasis) is often present in patients with asthma/
bronchiectasis [61], these symptoms are highly indicative 
of the concomitant presence of asthma and bronchiecta-
sis.

Nitric Oxide
Exhaled nitric oxide (FeNO), an important diagnostic 

parameter for the evaluation of the upper airways’ inflam-
mation, is used in the clinical practice for evaluating the 
asthmatic disease [62]. It is recently also been considered 
for the evaluation of the inflammatory status in patients 
with bronchiectasis; in fact, a study published in 2018 [20] 
showed that these patients, especially in presence of eo-

sinophilic inflammation, have higher levels of FeNO and 
a higher reversibility to the bronchodilator test respect to 
bronchiectasis patients with a prevalent neutrophilic in-
flammation (lower levels of FeNO and poor reversibility). 
Several trials showed that FeNO levels in asthmatic pa-
tients are related with the upper airways’ inflammation, 
the bronchial reactivity, the disease severity, and the pres-
ence of eosinophilia [63–69]. On the contrary, the role of 
FeNO in patients with bronchiectasis is debated; in fact, 
some studies showed that FeNO levels are related to the 
severity of bronchiectasis [70], thus others showed that 
FeNO levels are low and in particular lower than those 
observed in asthmatic patients [20]. A recently published 
study [53] tried to clarify this problem, emphasizing that 
FeNO and interleukin-13 (IL-13) levels and reversibility 
to bronchodilation are higher in patients with bronchiec-
tasis and concomitant eosinophilic inflammation (or a 
mixed eosinophilic-neutrophilic inflammation), as ob-
served in asthmatic patients. It is therefore conceivable 
that FeNO is a valid parameter for identifying asthmatic 
patients and bronchiectasis patients (lower FeNO levels 
compared to asthmatic patients only) and bronchiectasis 
patients with similar asthmatic symptoms (higher FeNO 
levels compared to bronchiectasis patients only). The cut-
off value commonly used for identifying patients with 
asthma/bronchiectasis from nonasthmatic patients is 
22.5 ppb [71].

Finally, it is possible to identify 4 phenotypes (2 for 
asthma and 2 for bronchiectasis) with neutrophilic or eo-
sinophilic inflammation, which can have common char-
acteristics and an impact on the correct diagnosis, as sum-
marized in Table 1.

Table 1. Main features of asthma and bronchiectasis

Asthma Neutrophilic asthma Bronchiectasis [53] Eosinophilic bronchiectasis [53]

Obstruction Present Present Often present [50] Often present
Reversibility Present Not always present Not always present Present [48]
Inflammation Mainly eosinophilic Mainly neutrophilic Prevalentemente Neutrophilic Mainly eosinophilic
FeNO High Not always high Nor always high High
Onset Early onset Late onset Early onset Late onset
Severity Variable Severe Variable Severe
Allergy Often present Not always present Not always present Not always present
Exacerbations Variable Frequent and severe Variable Frequent and severe
IL-8 Low High High Low
Response to ICS Present/good Poor Poor Present

FeNO, exhaled nitric oxide; ICS, inhaled corticosteroids; IL, interleukin.
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Table 2. Prevalence of bronchiectasis in asthma

Study, year Patients Primary objective Frequency of BE Factors associated to BE Type of BE

Lynch et al. 
[7], 1993

48 Radiological signs in asthma 77% NR Cylindrical

Paganin et al. 
[8], 1996

126 Radiological signs in asthma 20–80% Not allergic asthma, severity 20–80% cylindrical 
60% varicose

Grenier et al. 
[9], 1996

50+10 Radiological signs in asthma 28.5% Disease severity 20% cylindrical 
10% cystic

Park et al. 
[10], 1997

57 Clinical status 17.5% Disease severity, duration of 
disease and obstruction

NR

Cukier et al. 
[11], 2001

14 Follow-up HRCT in asthma 36% 1° HRCT versus
21% 2° HRCT

Clinical instability 80% cylindrical 
20% cystic

Oguzulgen 
et al. [12], 2007

1,680 Characteristics of asthma/BE 
patients

3% Disease severity, 
hospitalizations

NR

Gupta et al. 
[13], 2009

467 Radiological signs in asthma 40% Duration of the disease,  
FEV1/FVC <75%

NR

Bisaccioni 
et al. [14], 2009

105 Comorbidities in asthma 24.8% NR NR

Kurt et al. 
[74], 2009

46 Radiological signs in mold to 
moderate asthma, 6 years  
follow-up

13/15.2% NR 85% cylindrical 
15% cystic

Menzies et al. 
[15], 2011

133 Radiological signs in asthma 
associated to ABPA

35.3% Bronchial obstruction, 
Aspergillus fumigatus

NR

Luján et al. 
[16], 2013

100 (50 SD  
and 50 NSD)

BE related to steroids use 20% SD versus 
4% NSD

Age, duration of the disease, 
worse bronchial obstruction 
and steroids use

NR

Weatherburn 
et al. [17], 2017

84.505
+1.339.873

Prevalence of comorbidities 0.8% NR NR

Dimakou et al.  
[18], 2018

40 BE in severe asthma 67.5% Antibiotics use, sputum, 
bacterial colonization

85% cylindrical 
10% varicose 
10% cystic

Coman et al. 
[19], 2018

184 Characteristics of asthma with BE 47% Exacerbations, eosinophily, 
GERD, mild atopy

NR

Padilla-Galo 
[20], 2018

398 Characteristics of asthma with BE 28.4% (20.6% moderate 
asthma and 33.6%  
severe asthma)

Sputum, disease severity, low 
levels of FeNO

92.2% cylindrical 
and 7.1% cystic

Kim et al. 
[75], 2018

91 Radiological signs in severe asthma 35.2% Disease severity, age, worse 
FEV1, female sex

NR

Heffler et al. 
[76], 2019

437 Comorbidities in severe asthma 16% Disease severity, exacerbations, 
hospitalizations, > eosinophils 
and IgE

NR

Garcìa-Clemente 
et al. [77], 2019

108 Prevalence of BE in asthma 35% Age, duration of the disease, 
disease severity, 
hospitalizations, flow 
obstruction

NR

Xie et al. 
[78], 2019

2,207 Prevalence of BE in asthma 19.7% Haemoptysis, exacerbations, 
productive cough, 
hospitalizations

87% cylindrical 
and 13% varicose

ABPA, allergic bronchopulmonary aspergillosis; BE, bronchiectasis; FeNO, exhaled nitric oxide; FEV1, forced expiratory volume in 1 second; FVC, forced 
vital capacity; HRCT, high resolution computed tomography; GERD, gastroesophageal reflux disease; IgE, immunoglobulin E; NR, not reported; NSD, non-
steroid-dependent; SD, steroid-dependent.
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Prevalence of Bronchiectasis in Asthma

Apart idiopathic forms (50%), the most common 
causes of bronchiectasis are infections (20%), COPD (5–
15%), connective tissue diseases (8–10%), immunodefi-
ciencies (5–6%), and asthma (3–7%) [50, 72].

Bronchiectasis can be identified before the definitive 
diagnosis of asthma [73] or during the disease course, 
with a wide frequency ranging from 0.8 to 77% [7–20] 
(17.5–40% [10, 15, 74] in mild forms and 67.5–77% [7, 18] 
in severe forms [Table 2]). This wide variability is caused 
by the different analytical methods used in each study: 
type of enrolled patient populations, sample size, diag-
nostic criteria for the detection of bronchiectasis (e.g., the 

CT scan is often operator dependent), and not known 
causes of diagnosed bronchiectasis. In addition, the char-
acteristics of the asthmatic population are also different 
between studies in terms of asthma severity and pheno-
type; studies evaluating bronchiectasis in asthma showed 
that chest HRCT is often performed in patients with clin-
ical features already indicative for bronchiectasis: this is a 
bias for the detection of the real prevalence of bronchiec-
tasis.

Finally, bronchiectasis seems to be more frequent in 
patients with severe asthma, as demonstrated by the study 
of Paganin et al. [8] on asthmatic patients stratified ac-
cording the disease severity: bronchiectasis is present in 
50–60% of patients with severe asthma respect to 20% of 
patients with mild asthma.

Impact of Bronchiectasis in Asthma

The role of bronchiectasis in the natural evolution of 
bronchial asthma is not yet fully understood, but several 
trials have already demonstrated the possible association 
with a worsening of clinical and functional outcomes of 
asthma [75], a higher bronchial obstruction (low forced 
expiratory volume in 1 s – FEV1), and a higher reversibil-
ity in case of eosinophils [10, 13, 15]. Similarly, it is not 
clear how the presence of asthma in bronchiectasis pa-
tients, compared to other causes of bronchiectasis, can 
influence the course of the disease [79]. Bronchiectasis 
and asthma are more frequently observed in older pa-
tients, in patients with severe asthma and a longer dura-
tion of the disease, and in forms poorly responsive to the 
current standard therapy. Patients can benefit from a 
treatment with mucolytics, in order to improve the mu-
cus management, and antibiotics, due to the already men-
tioned presence of productive cough and mucopurulent 
sputum, often positive for potential pathogen microor-
ganisms such as Haemophilus influenzae and P. aerugi-
nosa [18, 20].

The simultaneous presence of asthma and bronchiec-
tasis, moreover, is associated with a greater risk of exac-
erbations of the single diseases, as shown by Coman et al. 
[19] and Mao et al. [80]. It is still unknown if the presence 
of bronchiectasis in asthma can have an impact on the 
clinical outcomes and the natural course of the disease.

The combination asthma and bronchiectasis can iden-
tify a population with not well-defined characteristics, as 
reported in Table 3.

Table 3. Characteristics of patients with asthma and bronchiectasis

General characteristics
Advanced age
Longer duration of asthma

Clinical characteristics
Increased daily sputum
Higher number of exacerbations
Worse severity of asthma
Not always allergy/atopy

Functional characteristics
Worse obstruction to air flow (FEV1/FVC and FEV1%)
Reversibility not always present
Higher functional impairment during time

Microbiological characteristics
Generally mucopurulent sputum
Inscreased prevalence of PPMs
Higher prevalence of Pseudomonas aeruginosa, Haemophilus 

influenzae and fungi
Treatment characteristics

Poor response to ICS
Better response to antibiotics
Good response to macrolides (acute and chronic treatment)
Increased need of systemic steroids
Mucolytics can work

Inflammatory markers
Mainly neutrophilic inflammation
Lower levels of FeNO respect to asthma population
Higher levels of FeNO respect to healthy population

Prognostic factors
Increased mortality
Increased exacerbations risk
Increased hospitalisation risk
Asthma unresponsive to the actual steroid therapy

FeNO, exhaled nitric oxide; FEV1, forced expiratory volume in 
1 second; FVC, forced vital capacity; ICS, inhaled corticosteroids; 
PPMs, potential pathogen microorganisms.
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Imaging

The presence of bronchiectasis is highly probable in 
older patients with a long-term disease, a functional de-
cline, and frequent exacerbations, especially if associated 
with bacterial infections caused by P. aeruginosa: in this 
case, a HRCT can be useful for confirming the diagnosis. 
A valid tool for identifying bronchiectasis is the NOPES 
score [20] (FeNO, Pneumonia, Exacerbations and Sever-
ity), which consider the FeNO value (cut-off 20.5 ppb), 
the disease severity and the number of exacerbations/
pneumonia; the score ranges from 0 (low risk) to 4 (high 
risk).

Depending on using a score or relying on clinical sus-
picion, chest HRCT of patients with bronchiectasis can 
also show structural damages other than bronchiectasis. 
In fact, the airways remodeling is commonly observed 
in asthma, and it is characterized by radiological signs 
such as thickening of the bronchial wall [81–84], bron-
chial dilations [85], mucus plug, and air trapping. Sev-
eral studies supported by the Severe Asthma Research 
Program showed that these radiological signs are associ-
ated with a more severe disease [81–83, 86–92], until to 
real clinical – radiological clusters [93]. Despite some 
literature correlating radiological imaging and asthma, 
at the time being few clinical trials showed a relationship 
between bronchiectasis and disease severity. Using elec-
tive radio-diagnostic tools, such as HRCT, a gold stan-
dard for the diagnosis, it is possible to detect the pres-
ence of bronchiectasis, even if this method is not rou-
tinely used in the diagnostic algorithm of bronchial 
asthma. Over the years, different systems of classifica-
tion and radiological evaluation of bronchiectasis have 
been used [94–97]. Actually, the Naidich et al. [95] cri-
teria, which are able to evaluate the presence of bronchi-
ectasis through both direct (such as the enlargement of 
the major bronchial diameter of the adjacent arterial 
vessel, the view of peripheral bronchi up to 1 cm away 
from the costal pleura, the lack of reduction of the bron-
chial lumen) and indirect (a thickening of the peribron-
chial wall, a mucus plugging, the tree-in-bud sign, a mo-
saic pattern, centrolobular nodules, air trapping, and at-
electasis) signs, are the most used in the clinical practice. 
To date, no study has related the bronchiectasis severity 
and the asthma severity through the clinical – radiolog-
ical scores, such as the Bhalla et al. [96] score or clinical 
scores such as the bronchiectasis severity index [98]. A 
study performed on 123 Chinese patients with bronchi-
al asthma showed the HRCT can detect at least one 
structural damage, such as the thickening of the wall 

(57.7% of cases), bronchial dilations and bronchiectasis 
(51.2% of cases), and mucus plugging (22% of cases) 
[89]. Cylindrical bronchiectasis is more frequently ob-
served at proximal level, while varicose and cystic bron-
chiectasis have predominantly a distal distribution [9]. 
Another large study performed on asthmatic patients 
stratified according the type (allergic vs. nonallergic) 
and the severity of the disease, highlighted that 60% of 
patients with severe asthma had varicose bronchiectasis; 
on the contrary, cylindrical bronchiectasis were ob-
served in 20% of cases with mild asthma and in 50% of 
cases with severe allergic bronchial asthma [8].

Last but not least, the difference between bronchial di-
lation and bronchiectasis should be considered for a cor-
rect interpretation of chest HRCT performed on asthmat-
ic patients [85]. The need of an appropriate distinction 
between bronchial dilation and bronchiectasis has been 
already mentioned in 1993 by Lynch et al. [7]; in particu-
lar, a clinical study performed in 2001 [11], where asth-
matic patients were annually monitored with HRCT, 
showed that some baseline bronchiectasis were no more 
visible after 1 year. Therefore, in this case, it is more ap-
propriate to define them as bronchial dilations rather 
than bronchiectasis, since the latter are irreversible by 
definition. The diagnosis of bronchiectasis in asthmatic 
patients should be performed with caution, taking always 
into account that bronchial asthma, especially if clinically 
unstable, can present often reversible bronchial dilations, 
which must be distinguished from bronchiectasis, al-
though sharing similar radiological characteristics.

Etiopathogenesis

Bronchiectasis are present in all ages groups and can 
be idiopathic (43–50%) or secondary to other disease; 
these latter forms are certainly increased during the last 
decades due to the higher number of respiratory chronic 
comorbidities and systemic diseases such as rheumatoid 
arthritis and immune deficits, where bronchial asthma 
represents the fifth cause [72].

Until now, all the studies always considered these 2 
diseases as an association between 2 distinct pathological 
processes, not considering a direct causal link between 
the 2 diseases. We believe that, while maintaining their 
individuality, asthma and bronchiectasis share some 
common aspects such as chronic inflammation, hyperse-
cretion of mucus, oxidative stress, and airways remodel-
ing (Fig. 1). Due to these similarities, it is possible to hy-
pothesize a causal link between these 2 diseases, as they 
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share superimposable although different “vicious circles,” 
where the main protagonists are mucus and inflamma-
tion [24].

Mucus has a central role in these “vicious circles,” be-
cause both asthma and bronchiectasis are considered hy-
persecretive diseases [99–103]. Bronchial secretions, an 
impaired mucociliary clearance and the airflow obstruc-
tion, can contribute to worse symptoms and to increase 
mortality [86–92, 104]. Mucus of patients with bronchial 
asthma is more viscous than that of patients with bron-
chiectasis, probably due to a defect of assembling of mu-
cina molecules [105–108], even if the real etiopathoge-
netic mechanism is still unknown. These characteristics 
of the mucus, together with the epithelial fragility associ-
ated with the loss of hair cells, a significant hyperplasia of 
the caliciform glandular cells, the chronic and mainly eo-
sinophilic inflammation (observed in 58% of cases) [92] 
compromise the mucociliary clearance and cause a thick-
ening of the bronchial wall and airflow obstruction [81, 
83]. The chronic inflammation observed in severe bron-
chial asthma, in particular the eosinophilic inflammation, 
is responsible of glandular hypertrophy with mucus hy-
persecretion, which is one of the essential elements of 
bronchial obstruction, especially at small airways level (as 

shown by autoptic results obtained from patients who 
died for asthma) [109]. The damage of the bronchial wall, 
characterized by cilia and bronchial epithelium destruc-
tion also induced by some cationic proteins of eosino-
phils [110] such as eosinophil peroxidase [92], proteo-
lytic enzymes (trypsin), and metalloproteases, can justify 
the impaired mucociliary clearance and a more labile, 
brittle, and less resistant to mechanical triggers bronchial 
wall, which is in turn responsible for the mucoid impact 
[85, 92] associated with a more severe disease [84]. Mu-
cous plugs of the bronchial tree represent a common 
characteristic of asthma, especially in severe forms, even 
in cases without bronchiectasis; the mucus viscosity, to-
gether with spasms of bronchial muscles, can be cause the 
obstruction and the consequent air trapping (pulsion 
mechanism). This phenomenon is easy to explain, con-
sidering that during the acute attack of asthma, a greater 
force is needed to maintain and promote the airways  
patency. An impairment of matrix metalloproteinases 
(MMPs) and tissue inhibitor of MMPs, with the conse-
quent degradation of the extracellular matrix, the tissue 
destruction and the airways remodeling with loss of the 
physiological structure have been demonstrated both in 
asthma and in bronchiectasis [111]. In any case, the rela-

ASTHMA   BRONCHIECTASIS  

Abnormal alveolar 

attachments 

LUNG 

REMODELING/DAMAGE  

Bronchial dilation 

Hypertrophy of 

muciparous glands 

Decreased elastic fibre 

content 

Changes in ECM 

composition 

Smooth muscle 

shortening 

Inflammatory infiltrate 

(eosinophils, mast cells, 

lymphocytes and 

neutrophils) 

AIRWAY 

INFLAMMATION 

Airway inflammation 

(neutrophils) 

Accumulation of mucus 

in lumen 
MUCUS PLUG 

Impaired mucociliary 

clearance 

Airway wall thickening 

Muscle hyperreactivity 

AIRWAY 

OBSTRUCTION 
Sputum hypersecretion 

INEFFECTIVE PULMONARY DEFENSE  Fig. 1. A comparison between etiopathoge-
netic characteristics of asthma and bron-
chiectasis: highlights of shared features.
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tionship between inflammatory markers and the direct 
structural damage is still unclear [112].

In conclusion, it is possible to hypothesize that stag-
nant mucus, associated with the presence of pathogens at 
small airways level and a lower activity of phagocytosis 
observed in asthmatic patients [113], could play a role in 
the pathogenesis and maintenance of bronchiectasis 
[114], and could trigger a vicious circle similar to the Cole 
one [115], where the chronic and mainly eosinophilic in-
flammation represents the primum movens of the bron-
chial remodeling. This remodeling is then responsible for 
the onset of bronchiectasis through a chronic infection 
and an imbalance between MMPs [18], which could cause 
in the long term a tissue destruction and, consequently, 
airways remodeling associated with bronchial damages 
(bronchial enlargements) [7, 11, 85]; these structural al-
terations can evolve to true bronchiectasis when frequent 
exacerbations occur [21].

Due to the fact that mucus is a “treatable trait,” it is 
evident that the management of bronchial secretions 
must be considered in asthmatic patients with bronchiec-
tasis in order to prevent functional and radiological im-
pairments of the respiratory tract and to reduce the num-
ber of exacerbations.

Common Causes of Asthma and Bronchiectasis

We need to take into account that some clinical condi-
tions and/or diseases, such as gastroesophageal reflux dis-
ease (GERD), immune deficits, chronic rhinosinusitis, 
and allergic bronchopulmonary aspergillosis (ABPA), 
represent common elements in the etiopathogenesis of 
both bronchial asthma and bronchiectasis and possible 
irritative triggers, as reported by Porsbjerg [4] and Lonni 
[72].

Gastroesophageal Reflux Disease
GERD is defined as a pool of symptoms associated 

with the acid reflux into the esophagus. The most fre-
quent symptoms are dyspepsia, retrosternal heartburn, 
and epigastric pain, but many patients often remain  
asymptomatic. The frequency of GERD in asthmatic pa-
tients ranges from 17 to 74% [116–118], and the disease 
is probably due a direct inhalation of acids in the airways 
[119]. Although the true mechanism by which GERD 
worsens asthmatic symptoms is still controversial and 
unclear, the same process seems to be responsible for the 
onset and the maintenance of bronchiectasis as well [120], 
where the incidence of GERD is higher than in healthy 

population, and it is associated with a higher impairment 
of the respiratory function [121]. Even if more studies are 
needed for better understanding the interaction between 
GERD and asthma/bronchiectasis, we can hypothesize 
that GERD is involved in the onset of both bronchiectasis, 
through a “digestive” mechanism induced by gastric acid 
and enzymes followed by an injury of bronchial wall and 
epithelium, and asthma itself, through reflex and reflux 
mechanisms. Therefore, the exacerbation of asthmatic 
symptoms may probably be due to a direct irritative ac-
tion, or an indirect action through the development of 
bronchiectasis.

Immune System Deficiency
It is well known that the immune system has a pivotal 

role in the pathogenesis and maintenance of respiratory 
diseases and that dysfunctions of the innate and acquired 
defence mechanisms make these diseases difficult-to-
treat and severe from a clinical point of view.

Immunoglobulins (Ig) and a deficit of IgG subgroups 
can be a common element for the etiopathogenesis of 
bronchial asthma and bronchiectasis, able to determine 
an impairment of the immune response against patho-
gens [120–123]. In fact, many cases of bronchiectasis are 
considered related to immunological deficits such as the 
common variable immunodeficiency, showing also func-
tional patterns very similar to those of bronchial asthma 
[72]. Furthermore, the presence of immunodeficiencies 
can often cause functional patterns similar to those of 
asthma [49], generating further diagnostic problems.

This impairment can be caused not only by a primary 
IgG deficit [124] but also by a chronic use of corticoste-
roids, as observed in patients with persistent severe bron-
chial asthma [16]. In this latter case, however, it is still 
uncertain whether the association between Ig deficiency 
and disease severity is a consequence of the prolonged use 
of steroids or it causes the severity of the disease itself. In 
any case, the impaired production of Igs (especially IgG1) 
and the consequent dysfunction of the immune system in 
asthmatic patients could favor the onset of bronchiectasis 
through the Cole cycle, with a further worsening of the 
clinical conditions and the natural history of the disease.

Corticosteroids could stimulate the bacterial coloniza-
tion, a typical feature of bronchiectasis, increase the num-
ber of exacerbations, and the production of purulent mu-
cus, as observed in COPD patients [125, 126] and bron-
chiectasis [127]. The study by Lujan et al. [16] showed an 
increased number of bronchiectasis in patients with se-
vere asthma treated with corticosteroids (20%) with re-
spect to patients nontreated with these drugs. However, 

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

1 
A

M



Asthma and Bronchiectasis: What We 
Know

471Respiration 2020;99:463–476
DOI: 10.1159/000507228

this difference was not related to Igs levels but to the dis-
ease severity consequent to a higher level of inflammation 
and remodeling, an impairment of the mucociliar clear-
ance and a progressive and more severe obstruction.

Allergic Bronchopulmonary Aspergillosis
Another common risk factor for severe bronchial asth-

ma and bronchiectasis is ABPA, defined as a hypersensi-
tivity reaction against Aspergillus fumigatus, a mycete fre-
quently isolated in patients with bronchial asthma, cystic 
fibrosis, and bronchiectasis non associated with cystic fi-
brosis [128, 129], characterized by a mainly Th2-mediate 
immune response [130]. Although ABPA is a relatively 
rare disease, with a prevalence of 0.7–3.5% in patients 
with asthma and 5–25% in patients with severe persistent 
asthma [15], this comorbidity must be always considered 
during the evaluation of difficult-to-treat asthma. Asth-
matic patients with ABPA have a poor symptoms control, 
mucus hypersecretion, and frequent exacerbations with 
the consequent functional decline and an impaired qual-
ity of life [15]. An amazing feature of asthmatic patients 
with ABPA is the absence of atopic diseases, such as al-
lergic rhinitis, urticarial, and eczema: this confirms the 
high heterogeneity of severe asthma. Bronchiectasis, es-
pecially the central ones, are a pathognomonic element 
for ABPA: for this reason, a radiological screening for 
bronchiectasis seems reasonable in patients with severe 
asthma, in order to identify patients at risk of developing 
ABPA or for early diagnosis [131].

Chronic Rhinosinusitis
Chronic rhinosinusitis (i.e., present for at least 12 

weeks) is an inflammatory disease of nose and paranasal 
sinuses associated with clinical symptoms such as nasal 
congestion, retro-nasal drainage, facial pain, and ipo/an-
osmia. These symptoms are often endoscopically and ra-
diologically confirmed (sinuses CT scan) [132]. Rhinosi-
nusitis is frequently associated with asthma and allergy 
[133] because they have common etiopathogenetic fea-
tures [4, 132, 134–136]. The frequents of rhinosinusitis in 
bronchiectasis range from 34 to 75% [132, 137–139] even 
in absence of ciliary dyskinesia [140]; besides, rhinosinus-
itis is considered an important risk factor for exacerba-
tions of lower respiratory infections [141–143], even if 
the mechanism is still unknown, as well as a worsening 
factor of quality of life [144]. The treatment of rhinosi-
nusitis is both medical (i.e., topical corticosteroids, saline 
solutions) and surgical; the concomitant presence of asth-
ma or bronchiectasis as “treatable traits” must be consid-
ered.

Treatment

The recognizing of the association of asthma and 
bronchiectasis is important not only for diagnostic and 
prognostic purposes but for the therapeutic strategy too. 
Actually, the treatment recommendations of the Nation-
al Asthma Education and Prevention Program are the fol-
lowing: adding oral steroids to the maximal therapy in 
patients with severe persistent bronchial asthma; anti-IgE 
drugs in allergic patients; new anti-IL-5, and anti-IL-13 
in hypereosinophilic patients. According to the Guide-
lines [1], steroid therapy represents the gold standard for 
patients with bronchial asthma. On the contrary, Guide-
lines [21, 22] do not recommend inhaled corticosteroids 
in bronchiectasis, but this does not change the therapy of 
asthma and COPD as per individual guidelines [1, 145]. 
In fact, based on clinical studies performed in COPD pa-
tients [145–147] and patients with bronchiectasis [127], 
the use of inhaled steroids is controversial and seems to 
be related to an increased risk of hospitalizations and in-
fections and to higher bacterial loads at airways level, 
even if this is not clearly associated with an increase of 
mortality [148]. Patients with steroid-dependent severe 
asthma and bronchiectasis [16] showed reduced levels of 
Igs respect to nonsteroid-dependent patients and, conse-
quently, a higher susceptibility to bacterial infections.

The current drug therapy for asthma, generally ad-
ministered by inhalation route, is often not sufficient in 
patients with asthma and bronchiectasis, because bron-
chiectasis is often associated with chronic bacterial infec-
tions. It is therefore appropriate to consider the treatment 
of the single disease, as stated by the Guidelines [21, 22], 
a treatment for a better management of the secretions, 
such as the airway clearance technique or pulmonary re-
habilitation, or a better control of infections, such as long-
term antibiotic or anti-inflammatory therapy, must be 
added to the standard therapy.

Bronchiectasis is caused by a mainly neutrophilic in-
flammation and bronchial asthma by a mainly eosino-
philic inflammation. This latter inflammation can be 
controlled with corticosteroid therapy, while macrolides 
can reduce the number of exacerbations in the neutro-
philic form. The fact that a group of asthmatic patients 
who do not respond to the usual steroid therapy can ben-
efit from antibiotic therapy, leads us to support the hy-
pothesis that this phenotype of patients could have bron-
chiectasis. Several studies show that a long-term therapy 
with macrolides is able to reduce the number of exacerba-
tions, as well as the functional decline, and to improve the 
quality of life of patients with bronchiectasis [149–151]. 
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This could be also true for patients with bronchial asthma 
and associated bronchiectasis, as already reported by the 
AMAZES study [152], highlighting the importance of 
both acute and chronic treatment with macrolides.

The anti-IL-5 biologic drugs, such as mepolizumab, 
benralizumab, and reslizumab, which act reducing the 
number of peripheral eosinophils and, consequently, the 
eosinophilic inflammatory response, can also be useful 
for the management of patients with severe asthma. Re-
cently, mepolizumab was widely used for the treatment of 
patients with severe asthma, including cases of severe 
asthma associated with bronchiectasis, even if their num-
ber is limited [153]: the effects of this drug on eosinophil-
ic inflammation allowed to improve the management of 
these patients in terms of control of asthma and bronchi-
ectasis exacerbations. Further studies on patients with 
asthma and bronchiectasis are needed for identifying and 
confirming the role of eosinophils in the pathogenesis 
and the maintenance of the inflammatory process re-
sponsible for the bronchial remodeling, as well as the 
therapeutic efficacy of an anti-eosinophilic treatment.

Conclusion

In conclusion, the concomitant association of bron-
chiectasis and bronchial asthma should be suspected and 
investigated in patients with severe asthma, purulent spu-
tum, frequent exacerbations, and unresponsive to the 
standard therapy. Really, this combination could identify 
a radiological and functional phenotype often character-
ized by a more severe disease, worse outcomes, and func-
tional decline, which must be readily recognized in order 

to choose the most appropriate therapeutic approach. 
The correct treatment of bronchiectasis and the better 
management of mucus, representing “treatable traits,” 
can potentially improve the management of bronchial 
asthma, prevent the onset of exacerbations as well the 
functional decline, and reduce health costs.

Further larger studies are needed for precisely defining 
the real prevalence of bronchiectasis in asthma; longitu-
dinal studies can also help us to better identify a possible 
correlation between asthma and bronchiectasis and other 
prognostic factors such as mortality and risk of exacerba-
tions/hospitalizations. Other aspects to be considered in 
future studies could be the evaluation of biomarkers po-
tentially useful for the choice of therapeutic strategies, 
such as the role of eosinophils in patients with asthma 
bronchiectasis.

Disclosure Statement

The authors declare no conflicts of interest associated with this 
study.

Funding Sources

The authors have not received any funding for this study.

Author Contributions

N.C.: had the final responsibility for the decision to submit the 
paper for publication. All authors are responsible for the study 
concept and design. C.C., S.F., and R.C.: are responsible for acqui-
sition of data. All authors are responsible for analysis or interpre-
tation of data, drafting of the manuscript, and manuscript revision.

References

  1	 Global strategy for asthma. Global strategy for 
asthma management and prevention, 2019. 
Available from: www.ginasthma.com.

  2	 Kauppi P, Linna M, Jantunen J, Martikainen 
JE, Haahtela T, Pelkonen A, et al. Chronic Co-
morbidities Contribute to the Burden and 
Costs of Persistent Asthma. Mediators In-
flamm. 2015; 2015: 819194.

  3	 To T, Stanojevic S, Moores G, Gershon AS, 
Bateman ED, Cruz AA, et al. Global asthma 
prevalence in adults: findings from the cross-
sectional world health survey. BMC Public 
Health. 2012 Mar; 12(1): 204.

  4	 Porsbjerg C, Menzies-Gow A. Co-morbidities 
in severe asthma: clinical impact and manage-
ment. Respirology. 2017 May; 22(4): 651–61.

  5	 Choi H, Yang B, Nam H, Kyoung DS, Sim YS, 
Park HY, et al. Population-based prevalence 
of bronchiectasis and associated comorbidi-
ties in South Korea. Eur Respir J. 2019 Aug; 

54(2): 1900194.
  6	 Kwak HJ, Moon JY, Choi YW, Kim TH, Sohn 

JW, Yoon HJ, et al. High prevalence of bron-
chiectasis in adults: analysis of CT findings in 
a health screening program. Tohoku J Exp 
Med. 2010 Dec; 222(4): 237–42.

  7	 Lynch DA, Newell JD, Tschomper BA, Cink 
TM, Newman LS, Bethel R. Uncomplicated 
asthma in adults: comparison of CT appear-
ance of the lungs in asthmatic and healthy 
subjects. Radiology. 1993 Sep; 188(3): 829–33.

  8	 Paganin F, Séneterre E, Chanez P, Daurés JP, 
Bruel JM, Michel FB, et al. Computed tomog-
raphy of the lungs in asthma: influence of dis-
ease severity and etiology. Am J Respir Crit 
Care Med. 1996 Jan; 153(1): 110–4.

  9	 Grenier P, Mourey-Gerosa I, Benali K, Brau
ner MW, Leung AN, Lenoir S, et al. Abnor-
malities of the airways and lung parenchyma 
in asthmatics: CT observations in 50 patients 
and inter- and intraobserver variability. Eur 
Radiol. 1996; 6(2): 199–206.

10	 Park JW, Hong YK, Kim CW, Kim DK, Choe 
KO, Hong CS. High-resolution computed to-
mography in patients with bronchial asthma: 
correlation with clinical features, pulmonary 
functions and bronchial hyperresponsive-
ness. J Investig Allergol Clin Immunol. 1997 
May-Jun; 7(3): 186–92.

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

1 
A

M

https://www.karger.com/Article/FullText/507228?ref=2#ref2
https://www.karger.com/Article/FullText/507228?ref=2#ref2
https://www.karger.com/Article/FullText/507228?ref=3#ref3
https://www.karger.com/Article/FullText/507228?ref=3#ref3
https://www.karger.com/Article/FullText/507228?ref=4#ref4
https://www.karger.com/Article/FullText/507228?ref=5#ref5
https://www.karger.com/Article/FullText/507228?ref=6#ref6
https://www.karger.com/Article/FullText/507228?ref=6#ref6
https://www.karger.com/Article/FullText/507228?ref=7#ref7
https://www.karger.com/Article/FullText/507228?ref=8#ref8
https://www.karger.com/Article/FullText/507228?ref=8#ref8
https://www.karger.com/Article/FullText/507228?ref=9#ref9
https://www.karger.com/Article/FullText/507228?ref=9#ref9
https://www.karger.com/Article/FullText/507228?ref=10#ref10


Asthma and Bronchiectasis: What We 
Know

473Respiration 2020;99:463–476
DOI: 10.1159/000507228

11	 Cukier A, Stelmach R, Kavakama JI, Terra Fi
lho M, Vargas F. Persistent asthma in adults: 
comparison of high resolution computed to-
mography of the lungs after one year of fol-
low-up. Rev Hosp Clin Fac Med Sao Paulo. 
2001 May-Jun; 56(3): 63–8.

12	 Oguzulgen IK, Kervan F, Ozis T, Turktas H. 
The impact of bronchiectasis in clinical pre-
sentation of asthma. South Med J. 2007 May; 

100(5): 468–71.
13	 Gupta S, Siddiqui S, Haldar P, Raj JV, Entwisle 

JJ, Wardlaw AJ, et al. Qualitative analysis of 
high-resolution CT scans in severe asthma. 
Chest. 2009 Dec; 136(6): 1521–8.

14	 Bisaccioni C, Aun MV, Cajuela E, Kalil J, 
Agondi RC, Giavina-Bianchi P. Comorbidi-
ties in severe asthma: frequency of rhinitis, 
nasal polyposis, gastroesophageal reflux dis-
ease, vocal cord dysfunction and bronchiecta-
sis. Clinics (São Paulo). 2009; 64(8): 769–73.

15	 Menzies D, Holmes L, McCumesky G, Prys-
Picard C, Niven R. Aspergillus sensitization is 
associated with airflow limitation and bron-
chiectasis in severe asthma. Allergy. 2011 
May; 66(5): 679–85.

16	 Luján M, Gallardo X, Amengual MJ, Bosque 
M, Mirapeix RM, Domingo C. Prevalence of 
bronchiectasis in asthma according to oral 
steroid requirement: influence of immuno-
globulin levels. BioMed Res Int. 2013; 2013: 

109219.
17	 Weatherburn CJ, Guthrie B, Mercer SW, Mo-

rales DR. Comorbidities in adults with asth-
ma: population-based cross-sectional analysis 
of 1.4 million adults in Scotland. Clin Exp Al-
lergy. 2017 Oct; 47(10): 1246–52.

18	 Dimakou K, Gousiou A, Toumbis M, Kaponi 
M, Chrysikos S, Thanos L, et al. Investigation 
of bronchiectasis in severe uncontrolled asth-
ma. Clin Respir J. 2018 Mar; 12(3): 1212–8.

19	 Coman I, Pola-Bibián B, Barranco P, Vila-
Nadal G, Dominguez-Ortega J, Romero D, et 
al. Bronchiectasis in severe asthma: clinical 
features and outcomes. Ann Allergy Asthma 
Immunol. 2018 Apr; 120(4): 409–13.

20	 Padilla-Galo A, Olveira C, Fernández de Ro-
ta-Garcia L, Marco-Galve I, Plata AJ, Alvarez 
A, et al. Factors associated with bronchiectasis 
in patients with uncontrolled asthma; the 
NOPES score: a study in 398 patients. Respir 
Res. 2018 Mar; 19(1): 43.

21	 Pasteur MC, Bilton D, Hill AT; British Tho-
racic Society Bronchiectasis non-CF Guide-
line Group. British Thoracic Society guideline 
for non-CF bronchiectasis. Thorax. 2010 Jul; 

65 Suppl 1:i1–58.
22	 Polverino E, Goeminne PC, McDonnell MJ, 

Aliberti S, Marshall SE, Loebinger MR, et al. 
European Respiratory Society guidelines for 
the management of adult bronchiectasis. Eur 
Respir J. 2017 Sep; 50(3): 1700629.

23	 Polverino E, Dimakou K, Hurst J, Martinez-
Garcia MA, Miravitlles M, Paggiaro P, et al. 
The overlap between bronchiectasis and 
chronic airway diseases: state of the art and 
future directions. Eur Respir J. 2018 Sep; 

52(3): 1800328.

24	 Crimi C, Ferri S, Crimi N. Bronchiectasis and 
asthma: a dangerous liaison? Curr Opin Al-
lergy Clin Immunol. 2019 Feb; 19(1): 46–52.

25	 Perez-Miranda J, Traversi L, Polverino E. 
Bronchiectasis in severe asthma: a distinct 
phenotype? Curr Opin Pulm Med. 2019 Jan; 

25(1): 71–8.
26	 Fingleton J, Hardy J, Beasley R. Treatable 

traits of chronic airways disease. Curr Opin 
Pulm Med. 2018 Jan; 24(1): 24–31.

27	 McDonald VM, Fingleton J, Agusti A, Hiles 
SA, Clark VL, Holland AE, et al.; participants 
of the Treatable Traits Down Under Interna-
tional Workshop; Treatable Traits Down Un-
der International Workshop participants. 
Treatable traits: a new paradigm for 21st cen-
tury management of chronic airway diseases: 
Treatable Traits Down Under International 
Workshop report. Eur Respir J. 2019 May; 

53(5): 1802058.
28	 Boaventura R, Sibila O, Agusti A, Chalmers 

JD. Treatable traits in bronchiectasis. Eur 
Respir J. 2018 Sep; 52(3): 1801269.

29	 Wenzel SE. Asthma: defining of the persis- 
tent adult phenotypes. Lancet. 2006 Aug; 

368(9537): 804–13.
30	 Chung KF. Precision medicine in asthma: 

linking phenotypes to targeted treatments. 
Curr Opin Pulm Med. 2018 Jan; 24(1): 4–10.

31	 Canonica GW, Ferrando M, Baiardini I, Pug-
gioni F, Racca F, Passalacqua G, et al. Asthma: 
personalized and precision medicine. Curr 
Opin Allergy Clin Immunol. 2018 Feb; 18(1): 

51–8.
32	 Agusti A, Bel E, Thomas M, Vogelmeier C, 

Brusselle G, Holgate S, et al. Treatable traits: 
toward precision medicine of chronic airway 
diseases. Eur Respir J. 2016 Feb; 47(2): 410–9.

33	 Loftus PA, Wise SK. Epidemiology of asthma. 
Curr Opin Otolaryngol Head Neck Surg. 2016 
Jun; 24(3): 245–9.

34	 Moorman JE, Akinbami LJ, Bailey CM, Zahran 
HS, King ME, Johnson CA, et al. National sur-
veillance of asthma: united States, 2001-2010. 
Vital Health Stat 3. 2012 Nov; 3(35): 1–58.

35	 Masoli M, Fabian D, Holt S, Beasley R; Global 
Initiative for Asthma (GINA) Program. The 
global burden of asthma: executive summary 
of the GINA Dissemination Committee re-
port. Allergy. 2004 May; 59(5): 469–78.

36	 Barranco P, Pérez-Francés C, Quirce S, Gó-
mez-Torrijos E, Cárdenas R, Sánchez-García 
S, et al.; Severe Asthma Working Group of the 
SEAIC Asthma Committee. Consensus docu-
ment on the diagnosis of severe uncontrolled 
asthma. J Investig Allergol Clin Immunol. 
2012; 22(7): 460–75.

37	 Chung KF, Wenzel SE, Brozek JL, Bush A, 
Castro M, Sterk PJ, et al. International ERS/
ATS guidelines on definition, evaluation and 
treatment of severe asthma. Eur Respir J. 2014 
Feb; 43(2): 343–73.

38	 Weatherall M, Travers J, Shirtcliffe PM, 
Marsh SE, Williams MV, Nowitz MR, et al. 
Distinct clinical phenotypes of airways dis-
ease defined by cluster analysis. Eur Respir J. 
2009 Oct; 34(4): 812–8.

39	 Simpson JL, Scott R, Boyle MJ, Gibson PG. 
Inflammatory subtypes in asthma: assess-
ment and identification using induced spu-
tum. Respirology. 2006 Jan; 11(1): 54–61.

40	 Pavord ID, Brightling CE, Woltmann G, 
Wardlaw AJ. Non-eosinophilic corticosteroid 
unresponsive asthma. Lancet. 1999 Jun; 

353(9171): 2213–4.
41	 Wenzel SE, Schwartz LB, Langmack EL, Hal-

liday JL, Trudeau JB, Gibbs RL, et al. Evidence 
that severe asthma can be divided pathologi-
cally into two inflammatory subtypes with 
distinct physiologic and clinical characteris-
tics. Am J Respir Crit Care Med. 1999 Sep; 

160(3): 1001–8.
42	 Simpson JL, Grissell TV, Douwes J, Scott RJ, 

Boyle MJ, Gibson PG. Innate immune activa-
tion in neutrophilic asthma and bronchiecta-
sis. Thorax. 2007 Mar; 62(3): 211–8.

43	 Weycker D, Edelsberg J, Oster G, Tine G. 
Prevalence and economic burden of bronchi-
ectasis. Clin Pulm Med. 2005; 12(4): 205–9.

44	 Seitz AE, Olivier KN, Adjemian J, Holland 
SM, Prevots DR. Trends in bronchiectasis 
among medicare beneficiaries in the United 
States, 2000 to 2007. Chest. 2012 Aug; 142(2): 

432–9.
45	 Feldman C. Bronchiectasis: new approaches 

to diagnosis and management. Clin Chest 
Med. 2011 Sep; 32(3): 535–46.

46	 Pellegrino R, Viegi G, Brusasco V, Crapo RO, 
Burgos F, Casaburi R, et al. Interpretative 
strategies for lung function tests. Eur Respir J. 
2005 Nov; 26(5): 948–68.

47	 Radovanovic D, Santus P, Blasi F, Sotgiu G, 
D’Arcangelo F, Simonetta E, et al. A compre-
hensive approach to lung function in bron-
chiectasis. Respir Med. 2018 Dec; 145: 120–9.

48	 Dente FL, Bilotta M, Bartoli ML, Bacci E, 
Cianchetti S, Latorre M, et al. Neutrophilic 
bronchial inflammation correlates with clini-
cal and functional findings in patients with 
noncystic fibrosis bronchiectasis. Mediators 
Inflamm. 2015; 2015: 642503.

49	 Touw CM, van de Ven AA, de Jong PA, Ter-
heggen-Lagro S, Beek E, Sanders EA, et al. 
Detection of pulmonary complications in 
common variable immunodeficiency. Pedi-
atr Allergy Immunol. 2010 Aug; 21(5): 793–
805.

50	 Olveira C, Padilla A, Martínez-García MA, de 
la Rosa D, Girón RM, Vendrell M, et al. Etiol-
ogy of bronchiectasis in a cohort of 2047 pa-
tients. An analysis of the Spanish Historical 
Bronchiectasis Registry. Arch Bronconeu-
mol. 2017 Jul; 53(7): 366–74.

51	 Chalmers JD, Aliberti S, Polverino E, Ven-
drell M, Crichton M, Loebinger M, et al. The 
EMBARC European Bronchiectasis Registry: 
protocol for an international observational 
study. ERJ Open Res. 2016 Jan; 2(1): 00081–
02015.

52	 Gjevre JA, Hurst TS, Taylor-Gjevre RM, 
Cockcroft DW. The American Thoracic Soci-
ety’s spirometric criteria alone is inadequate 
in asthma diagnosis. Can Respir J. 2006 Nov-
Dec; 13(8): 433–7.

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

1 
A

M

https://www.karger.com/Article/FullText/507228?ref=11#ref11
https://www.karger.com/Article/FullText/507228?ref=12#ref12
https://www.karger.com/Article/FullText/507228?ref=13#ref13
https://www.karger.com/Article/FullText/507228?ref=14#ref14
https://www.karger.com/Article/FullText/507228?ref=15#ref15
https://www.karger.com/Article/FullText/507228?ref=16#ref16
https://www.karger.com/Article/FullText/507228?ref=17#ref17
https://www.karger.com/Article/FullText/507228?ref=17#ref17
https://www.karger.com/Article/FullText/507228?ref=18#ref18
https://www.karger.com/Article/FullText/507228?ref=19#ref19
https://www.karger.com/Article/FullText/507228?ref=19#ref19
https://www.karger.com/Article/FullText/507228?ref=20#ref20
https://www.karger.com/Article/FullText/507228?ref=20#ref20
https://www.karger.com/Article/FullText/507228?ref=21#ref21
https://www.karger.com/Article/FullText/507228?ref=22#ref22
https://www.karger.com/Article/FullText/507228?ref=22#ref22
https://www.karger.com/Article/FullText/507228?ref=23#ref23
https://www.karger.com/Article/FullText/507228?ref=24#ref24
https://www.karger.com/Article/FullText/507228?ref=24#ref24
https://www.karger.com/Article/FullText/507228?ref=25#ref25
https://www.karger.com/Article/FullText/507228?ref=26#ref26
https://www.karger.com/Article/FullText/507228?ref=26#ref26
https://www.karger.com/Article/FullText/507228?ref=27#ref27
https://www.karger.com/Article/FullText/507228?ref=28#ref28
https://www.karger.com/Article/FullText/507228?ref=28#ref28
https://www.karger.com/Article/FullText/507228?ref=29#ref29
https://www.karger.com/Article/FullText/507228?ref=30#ref30
https://www.karger.com/Article/FullText/507228?ref=31#ref31
https://www.karger.com/Article/FullText/507228?ref=31#ref31
https://www.karger.com/Article/FullText/507228?ref=32#ref32
https://www.karger.com/Article/FullText/507228?ref=33#ref33
https://www.karger.com/Article/FullText/507228?ref=34#ref34
https://www.karger.com/Article/FullText/507228?ref=35#ref35
https://www.karger.com/Article/FullText/507228?ref=36#ref36
https://www.karger.com/Article/FullText/507228?ref=37#ref37
https://www.karger.com/Article/FullText/507228?ref=38#ref38
https://www.karger.com/Article/FullText/507228?ref=39#ref39
https://www.karger.com/Article/FullText/507228?ref=40#ref40
https://www.karger.com/Article/FullText/507228?ref=41#ref41
https://www.karger.com/Article/FullText/507228?ref=42#ref42
https://www.karger.com/Article/FullText/507228?ref=43#ref43
https://www.karger.com/Article/FullText/507228?ref=44#ref44
https://www.karger.com/Article/FullText/507228?ref=45#ref45
https://www.karger.com/Article/FullText/507228?ref=45#ref45
https://www.karger.com/Article/FullText/507228?ref=46#ref46
https://www.karger.com/Article/FullText/507228?ref=47#ref47
https://www.karger.com/Article/FullText/507228?ref=48#ref48
https://www.karger.com/Article/FullText/507228?ref=48#ref48
https://www.karger.com/Article/FullText/507228?ref=49#ref49
https://www.karger.com/Article/FullText/507228?ref=49#ref49
https://www.karger.com/Article/FullText/507228?ref=50#ref50
https://www.karger.com/Article/FullText/507228?ref=50#ref50
https://www.karger.com/Article/FullText/507228?ref=51#ref51
https://www.karger.com/Article/FullText/507228?ref=52#ref52


Crimi/Ferri/Campisi/CrimiRespiration 2020;99:463–476474
DOI: 10.1159/000507228

53	 Tsikrika S, Dimakou K, Papaioannou AI, Hil-
las G, Thanos L, Kostikas K, et al. The role of 
non-invasive modalities for assessing inflam-
mation in patients with non-cystic fibrosis 
bronchiectasis. Cytokine. 2017 Nov; 99: 281–
6.

54	 Ramsdell JW, Nachtwey FJ, Moser KM. Bron-
chial hyperreactivity in chronic obstructive 
bronchitis. Am Rev Respir Dis. 1982 Nov; 

126(5): 829–32.
55	 Brusasco V, Crimi E. Methacholine provoca-

tion test for diagnosis of allergic respiratory 
diseases. Allergy. 2001 Dec; 56(12): 1114–20.

56	 Varpela E, Laitinen LA, Keskinen H, Korhola 
O. Asthma, allergy and bronchial hyper-reac-
tivity to histamine in patients with bronchiec-
tasis. Clin Allergy. 1978 May; 8(3): 273–80.

57	 Boucher RC. Muco-Obstructive Lung Diseas-
es. N Engl J Med. 2019 May; 380(20): 1941–53.

58	 Bakakos P, Schleich F, Alchanatis M, Louis R. 
Induced sputum in asthma: from bench to 
bedside. Curr Med Chem. 2011; 18(10): 1415–
22.

59	 Nicholas B, Djukanović R. Induced sputum: a 
window to lung pathology. Biochem Soc 
Trans. 2009 Aug; 37(Pt 4): 868–72.

60	 Pizzichini E, Pizzichini MM, Efthimiadis A, 
Evans S, Morris MM, Squillace D, et al. Indi-
ces of airway inflammation in induced spu-
tum: reproducibility and validity of cell and 
fluid-phase measurements. Am J Respir Crit 
Care Med. 1996 Aug; 154(2 Pt 1): 308–17.

61	 Loebinger MR, Wells AU, Hansell DM, Chin-
yanganya N, Devaraj A, Meister M, et al. Mor-
tality in bronchiectasis: a long-term study as-
sessing the factors influencing survival. Eur 
Respir J. 2009 Oct; 34(4): 843–9.

62	 American Thoracic Society; European Respi-
ratory Society. ATS/ERS recommendations 
for standardized procedures for the online 
and offline measurement of exhaled lower re-
spiratory nitric oxide and nasal nitric oxide, 
2005. Am J Respir Crit Care Med. 2005 Apr; 

171(8): 912–30.
63	 Pohunek P, Warner JO, Turzíková J, Kudr

mann J, Roche WR. Markers of eosinophilic 
inflammation and tissue re-modelling in chil-
dren before clinically diagnosed bronchial 
asthma. Pediatr Allergy Immunol. 2005 Feb; 

16(1): 43–51.
64	 Smith AD, Cowan JO, Filsell S, McLachlan C, 

Monti-Sheehan G, Jackson P, et al. Diagnos-
ing asthma: comparisons between exhaled ni-
tric oxide measurements and conventional 
tests. Am J Respir Crit Care Med. 2004 Feb; 

169(4): 473–8.
65	 Smith AD, Cowan JO, Brassett KP, Filsell S, 

McLachlan C, Monti-Sheehan G, et al. Ex-
haled nitric oxide: a predictor of steroid re-
sponse. Am J Respir Crit Care Med. 2005 Aug; 

172(4): 453–9.
66	 Knuffman JE, Sorkness CA, Lemanske RF Jr, 

Mauger DT, Boehmer SJ, Martinez FD, et al.; 
Childhood Asthma Research and Education 
Network of the National Heart, Lung, and 
Blood Institute. Phenotypic predictors of 
long-term response to inhaled corticosteroid 

and leukotriene modifier therapies in pediat-
ric asthma. J Allergy Clin Immunol. 2009 Feb; 

123(2): 411–6.
67	 Pijnenburg MW, Hofhuis W, Hop WC, De 

Jongste JC. Exhaled nitric oxide predicts asth-
ma relapse in children with clinical asthma 
remission. Thorax. 2005 Mar; 60(3): 215–8.

68	 Kim HB, Eckel SP, Kim JH, Gilliland FD. Ex-
haled NO: determinants and clinical applica-
tion in children with allergic airway disease. 
Allergy Asthma Immunol Res. 2016 Jan; 8(1): 

12–21.
69	 Yoon J, Choi YJ, Lee E, Cho HJ, Yang SI, 

Kim YH, et al. Allergic rhinitis in preschool 
children and the clinical utility of FeNO. Al-
lergy Asthma Immunol Res. 2017 Jul; 9(4): 

314–21.
70	 Kharitonov SA, Wells AU, O’Connor BJ, Cole 

PJ, Hansell DM, Logan-Sinclair RB, et al. El-
evated levels of exhaled nitric oxide in bron-
chiectasis. Am J Respir Crit Care Med. 1995 
Jun; 151(6): 1889–93.

71	 Chen FJ, Liao H, Huang XY, Xie CM. Impor-
tance of fractional exhaled nitric oxide in di-
agnosis of bronchiectasis accompanied with 
bronchial asthma. J Thorac Dis. 2016 May; 

8(5): 992–9.
72	 Lonni S, Chalmers JD, Goeminne PC,  

McDonnell MJ, Dimakou K, De Soyza A, et al. 
Etiology of non-cystic fibrosis bronchiectasis 
in adults and its correlation to disease severi-
ty. Ann Am Thorac Soc. 2015 Dec; 12(12): 

1764–70.
73	 Jones RC, Price D, Ryan D, Sims EJ, von 

Ziegenweidt J, Mascarenhas L, et al.; Respira-
tory Effectiveness Group. Opportunities to 
diagnose chronic obstructive pulmonary dis-
ease in routine care in the UK: a retrospective 
study of a clinical cohort. Lancet Respir Med. 
2014 Apr; 2(4): 267–76.

74	 Kurt E, Ozkan R, Orman A, Calisir C, Me-
tintas M. Irreversiblity of remodeled features 
on high-resolution computerized tomogra-
phy scans of asthmatic patients on conven-
tional therapy: a 6-year longitudinal study. J 
Asthma. 2009 Apr; 46(3): 300–7.

75	 Kim S, Lee CH, Jin KN, Cho SH, Kang HR. 
Severe Asthma Phenotypes Classified by Site 
of Airway Involvement and Remodeling via 
Chest CT Scan. J Investig Allergol Clin Im-
munol. 2018; 28(5): 312–20.

76	 Heffler E, Blasi F, Latorre M, Menzella F, Pag-
giaro P, Pelaia G, et al.; SANI Network. The 
Severe Asthma Network in Italy: findings and 
Perspectives. J Allergy Clin Immunol Pract. 
2019 May - Jun; 7(5): 1462–8.

77	 García-Clemente M, Enríquez-Rodríguez AI, 
Iscar-Urrutia M, Escobar-Mallada B, Arias-
Guillén M, López-González FJ, et al. Severe 
asthma and bronchiectasis. J Asthma. 2020 
May; 57(5): 505–9.

78	 Xie H, Chen P, Liu L. [Analysis of bronchiec-
tasis in hospitalized asthmatic patients: 10-
year experience of a single center]. Zhonghua 
Yi Xue Za Zhi. 2019 Apr; 99(16): 1210–5.

79	 Habesoglu MA, Tercan F, Ozkan U, Fusun 
EO. Effect of radiological extent and severity 

of bronchiectasis on pulmonary function. 
Multidiscip Respir Med. 2011 Oct; 6(5): 284–
90.

80	 Mao B, Yang JW, Lu HW, Xu JF. Asthma and 
bronchiectasis exacerbation. Eur Respir J. 
2016 Jun; 47(6): 1680–6.

81	 Aysola RS, Hoffman EA, Gierada D, Wenzel 
S, Cook-Granroth J, Tarsi J, et al. Airway re-
modeling measured by multidetector CT is 
increased in severe asthma and correlates 
with pathology. Chest. 2008 Dec; 134(6): 

1183–91.
82	 Gupta S, Siddiqui S, Haldar P, Entwisle JJ, 

Mawby D, Wardlaw AJ, et al. Quantitative 
analysis of high-resolution computed tomog-
raphy scans in severe asthma subphenotypes. 
Thorax. 2010 Sep; 65(9): 775–81.

83	 Siddiqui S, Gupta S, Cruse G, Haldar P, 
Entwisle J, Mcdonald S, et al. Airway wall ge-
ometry in asthma and nonasthmatic eosino-
philic bronchitis. Allergy. 2009 Jun; 64(6): 

951–8.
84	 Bumbacea D, Campbell D, Nguyen L, Carr D, 

Barnes PJ, Robinson D, et al. Parameters as-
sociated with persistent airflow obstruction in 
chronic severe asthma. Eur Respir J. 2004 Jul; 

24(1): 122–8.
85	 Takemura M, Niimi A, Minakuchi M, Matsu-

moto H, Ueda T, Chin K, et al. Bronchial di
latation in asthma: relation to clinical and spu-
tum indices. Chest. 2004 Apr; 125(4): 1352–8.

86	 Hoshino M, Matsuoka S, Handa H, Miyazawa 
T, Yagihashi K. Correlation between airflow 
limitation and airway dimensions assessed by 
multidetector CT in asthma. Respir Med. 
2010 Jun; 104(6): 794–800.

87	 Choi S, Hoffman EA, Wenzel SE, Tawhai 
MH, Yin Y, Castro M et al. Registration-based 
assessment of regional lung function via volu-
metric CT images of normal subject vs. severe 
asthmatics. J Appl Physiol (1985). 2013 Sep; 

115(5): 730–42.
88	 Gonem S, Hardy S, Buhl N, Hartley R, Soares 

M, Kay R, et al. Characterization of acinar air-
space involvement in asthmatic patients by 
using inert gas washout and hyperpolarized 
(3)helium magnetic resonance. J Allergy Clin 
Immunol. 2016 Feb; 137(2): 417–25.

89	 Wang D, Luo J, Du W, Zhang LL, He LX, Liu 
CT. A morphologic study of the airway struc-
ture abnormalities in patients with asthma  
by high-resolution computed tomography. J 
Thorac Dis. 2016 Oct; 8(10): 2697–708.

90	 Choi S, Haghighi B, Choi J, Hoffman EA, Co-
mellas AP, Newell JD, et al.; National Heart. 
Differentiation of quantitative CT imaging 
phenotypes in asthma versus COPD. BMJ 
Open Respir Res. 2017 Nov; 4(1):e000252.

91	 Shim SS, Schiebler ML, Evans MD, Jarjour N, 
Sorkness RL, Denlinger, LC et al; National 
Heart, Lung, and Blood Institute's Severe 
Asthma Research Program. Lumen area 
change (Delta Lumen) between inspiratory 
and expiratory multidetector computed to-
mography as a measure of severe outcomes in 
asthmatic patients. J Allergy Clin Immunol. 
2018 Dec; 142(6): 1773–80.e9.

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

1 
A

M

https://www.karger.com/Article/FullText/507228?ref=53#ref53
https://www.karger.com/Article/FullText/507228?ref=54#ref54
https://www.karger.com/Article/FullText/507228?ref=55#ref55
https://www.karger.com/Article/FullText/507228?ref=56#ref56
https://www.karger.com/Article/FullText/507228?ref=57#ref57
https://www.karger.com/Article/FullText/507228?ref=58#ref58
https://www.karger.com/Article/FullText/507228?ref=59#ref59
https://www.karger.com/Article/FullText/507228?ref=59#ref59
https://www.karger.com/Article/FullText/507228?ref=60#ref60
https://www.karger.com/Article/FullText/507228?ref=60#ref60
https://www.karger.com/Article/FullText/507228?ref=61#ref61
https://www.karger.com/Article/FullText/507228?ref=61#ref61
https://www.karger.com/Article/FullText/507228?ref=62#ref62
https://www.karger.com/Article/FullText/507228?ref=63#ref63
https://www.karger.com/Article/FullText/507228?ref=64#ref64
https://www.karger.com/Article/FullText/507228?ref=65#ref65
https://www.karger.com/Article/FullText/507228?ref=66#ref66
https://www.karger.com/Article/FullText/507228?ref=67#ref67
https://www.karger.com/Article/FullText/507228?ref=68#ref68
https://www.karger.com/Article/FullText/507228?ref=69#ref69
https://www.karger.com/Article/FullText/507228?ref=69#ref69
https://www.karger.com/Article/FullText/507228?ref=70#ref70
https://www.karger.com/Article/FullText/507228?ref=71#ref71
https://www.karger.com/Article/FullText/507228?ref=72#ref72
https://www.karger.com/Article/FullText/507228?ref=73#ref73
https://www.karger.com/Article/FullText/507228?ref=74#ref74
https://www.karger.com/Article/FullText/507228?ref=74#ref74
https://www.karger.com/Article/FullText/507228?ref=75#ref75
https://www.karger.com/Article/FullText/507228?ref=75#ref75
https://www.karger.com/Article/FullText/507228?ref=76#ref76
https://www.karger.com/Article/FullText/507228?ref=77#ref77
https://www.karger.com/Article/FullText/507228?ref=78#ref78
https://www.karger.com/Article/FullText/507228?ref=78#ref78
https://www.karger.com/Article/FullText/507228?ref=79#ref79
https://www.karger.com/Article/FullText/507228?ref=80#ref80
https://www.karger.com/Article/FullText/507228?ref=81#ref81
https://www.karger.com/Article/FullText/507228?ref=82#ref82
https://www.karger.com/Article/FullText/507228?ref=83#ref83
https://www.karger.com/Article/FullText/507228?ref=84#ref84
https://www.karger.com/Article/FullText/507228?ref=85#ref85
https://www.karger.com/Article/FullText/507228?ref=86#ref86
https://www.karger.com/Article/FullText/507228?ref=87#ref87
https://www.karger.com/Article/FullText/507228?ref=88#ref88
https://www.karger.com/Article/FullText/507228?ref=88#ref88
https://www.karger.com/Article/FullText/507228?ref=89#ref89
https://www.karger.com/Article/FullText/507228?ref=89#ref89
https://www.karger.com/Article/FullText/507228?ref=90#ref90
https://www.karger.com/Article/FullText/507228?ref=90#ref90
https://www.karger.com/Article/FullText/507228?ref=91#ref91


Asthma and Bronchiectasis: What We 
Know

475Respiration 2020;99:463–476
DOI: 10.1159/000507228

  92	 Dunican EM, Elicker BM, Gierada DS, Na-
gle SK, Schiebler ML, Newell JD, et al.; Na-
tional Heart Lung and Blood Institute 
(NHLBI) Severe Asthma Research Program 
(SARP). Mucus plugs in patients with asth-
ma linked to eosinophilia and airflow ob-
struction. J Clin Invest. 2018 Mar; 128(3): 

997–1009.
  93	 Choi S, Hoffman EA, Wenzel SE, Castro M, 

Fain S, Jarjour N, et al.; National Heart, Lung 
and Blood Institute’s Severe Asthma Re-
search Program. Quantitative computed to-
mographic imaging-based clustering differ-
entiates asthmatic subgroups with distinc-
tive clinical phenotypes. J Allergy Clin 
Immunol. 2017 Sep; 140(3): 690–700.e8.

  94	 Reid LM. Reduction in bronchial subdivi-
sion in bronchiectasis. Thorax. 1950 Sep; 

5(3): 233–47.
  95	 Naidich DP, McCauley DI, Khouri NF, Stitik 

FP, Siegelman SS. Computed tomography of 
bronchiectasis. J Comput Assist Tomogr. 
1982 Jun; 6(3): 437–44.

  96	 Bhalla M, Turcios N, Aponte V, Jenkins M, 
Leitman BS, McCauley DI, et al. Cystic fibro-
sis: scoring system with thin-section CT. Ra-
diology. 1991 Jun; 179(3): 783–8.

  97	 Bedi P, Chalmers JD, Goeminne PC, Mai C, 
Saravanamuthu P, Velu PP, et al. The BRICS 
(Bronchiectasis Radiologically Indexed CT 
Score): A Multicenter Study Score for Use in 
Idiopathic and Postinfective Bronchiectasis. 
Chest. 2018 May; 153(5): 1177–86.

  98	 Chalmers JD, Goeminne P, Aliberti S,  
McDonnell MJ, Lonni S, Davidson J, et al. 
The bronchiectasis severity index. An inter-
national derivation and validation study. 
Am J Respir Crit Care Med. 2014 Mar; 

189(5): 576–85.
  99	 Rogers DF. Airway mucus hypersecretion in 

asthma: an undervalued pathology? Curr 
Opin Pharmacol. 2004 Jun; 4(3): 241–50.

100	 Evans CM, Kim K, Tuvim MJ, Dickey BF. 
Mucus hypersecretion in asthma: causes and 
effects. Curr Opin Pulm Med. 2009 Jan; 

15(1): 4–11.
101	 Evans CM, Koo JS. Airway mucus: the good, 

the bad, the sticky. Pharmacol Ther. 2009 
Mar; 121(3): 332–48.

102	 Rogers DF. Physiology of airway mucus se-
cretion and pathophysiology of hypersecre-
tion. Respir Care. 2007 Sep; 52(9): 1134–46.

103	 Cohn L. Mucus in chronic airway diseases: 
sorting out the sticky details. J Clin Invest. 
2006 Feb; 116(2): 306–8.

104	 Crespo-Lessmann A, Mateus E, Torrejón M, 
Belda A, Giner J, Vidal S, et al. Asthma with 
bronchial hypersecretion: expression of mu-
cins and toll-like receptors in sputum and 
blood. J Asthma Allergy. 2017 Oct; 10: 269–
76.

105	 Bonser LR, Erle DJ. Airway Mucus and 
Asthma: the Role of MUC5AC and MUC5B. 
J Clin Med. 2017 Nov; 6(12): 112.

106	 Rogers DF. Mucoactive agents for airway 
mucus hypersecretory diseases. Respir Care. 
2007 Sep; 52(9): 1176–93.

107	 Shimura S, Sasaki T, Sasaki H, Takishima T, 
Umeya K. Viscoelastic properties of bron-
chorrhoea sputum in bronchial asthmatics. 
Biorheology. 1988; 25(1-2): 173–9.

108	 Sheehan JK, Richardson PS, Fung DC, How-
ard M, Thornton DJ. Analysis of respiratory 
mucus glycoproteins in asthma: a detailed 
study from a patient who died in status asth-
maticus. Am J Respir Cell Mol Biol. 1995 
Dec; 13(6): 748–56.

109	 Mauad T, Silva LF, Santos MA, Grinberg L, 
Bernardi FD, Martins MA, et al. Abnormal 
alveolar attachments with decreased elastic 
fiber content in distal lung in fatal asthma. 
Am J Respir Crit Care Med. 2004 Oct; 170(8): 

857–62.
110	 Frigas E, Gleich GJ. The eosinophil and the 

pathophysiology of asthma. J Allergy Clin 
Immunol. 1986 Apr; 77(4): 527–37.

111	 Polverino E, Rosales-Mayor E, Dale GE, 
Dembowsky K, Torres A. The Role of Neu-
trophil Elastase Inhibitors in Lung Diseases. 
Chest. 2017 Aug; 152(2): 249–62.

112	 Niimi A, Matsumoto H, Amitani R, Nakano 
Y, Mishima M, Minakuchi M, et al. Airway 
wall thickness in asthma assessed by com-
puted tomography. Relation to clinical indi-
ces. Am J Respir Crit Care Med. 2000 Oct; 

162(4 Pt 1): 1518–23.
113	 Liang Z, Zhang Q, Thomas CM, Chana KK, 

Gibeon D, Barnes PJ, et al. Impaired macro-
phage phagocytosis of bacteria in severe 
asthma. Respir Res. 2014 Jun; 15(1): 72.

114	 Zhang Q, Illing R, Hui CK, Downey K, Carr 
D, Stearn M, et al. Bacteria in sputum of sta-
ble severe asthma and increased airway wall 
thickness. Respir Res. 2012 Apr; 13(1): 35.

115	 Cole PJ. Inflammation: a two-edged sword—
the model of bronchiectasis. Eur J Respir Dis 
Suppl. 1986; 147: 6–15.

116	 Moore WC, Meyers DA, Wenzel SE, Teague 
WG, Li H, Li X, et al.; National Heart, Lung, 
and Blood Institute’s Severe Asthma Re-
search Program. Identification of asthma 
phenotypes using cluster analysis in the Se-
vere Asthma Research Program. Am J Respir 
Crit Care Med. 2010 Feb; 181(4): 315–23.

117	 Shaw DE, Sousa AR, Fowler SJ, Fleming LJ, 
Roberts G, Corfield J, et al.; U-BIOPRED 
Study Group. Clinical and inflammatory 
characteristics of the European U-BIO-
PRED adult severe asthma cohort. Eur 
Respir J. 2015 Nov; 46(5): 1308–21.

118	 Heaney LG, Brightling CE, Menzies-Gow A, 
Stevenson M, Niven RM; British Thoracic 
Society Difficult Asthma Network. Refrac-
tory asthma in the UK: cross-sectional find-
ings from a UK multicentre registry. Thorax. 
2010 Sep; 65(9): 787–94.

119	 Sweet MP, Patti MG, Hoopes C, Hays SR, 
Golden JA. Gastro-oesophageal reflux and 
aspiration in patients with advanced lung 
disease. Thorax. 2009 Feb; 64(2): 167–73.

120	 Goeminne PC, Scheers H, Decraene A, Seys 
S, Dupont LJ. Risk factors for morbidity and 
death in non-cystic fibrosis bronchiectasis: a 
retrospective cross-sectional analysis of CT 

diagnosed bronchiectatic patients. Respir 
Res. 2012 Mar; 13(1): 21.

121	 Tsang KW, Lam WK, Kwok E, Chan KN, Hu 
WH, Ooi GC, et al. Helicobacter pylori and 
upper gastrointestinal symptoms in bron-
chiectasis. Eur Respir J. 1999 Dec; 14(6): 

1345–50.
122	 McDonnell MJ, Aliberti S, Goeminne PC, 

Restrepo MI, Finch S, Pesci A, et al. Comor-
bidities and the risk of mortality in patients 
with bronchiectasis: an international multi-
centre cohort study. Lancet Respir Med. 
2016 Dec; 4(12): 969–79.

123	 Loftus BG, Price JF, Lobo-Yeo A, Vergani D. 
IgG subclass deficiency in asthma. Arch Dis 
Child. 1988 Dec; 63(12): 1434–7.

124	 de Moraes Lui C, Oliveira LC, Diogo CL, 
Kirschfink M, Grumach AS. Immunoglobu-
lin G subclass concentrations and infections 
in children and adolescents with severe asth-
ma. Pediatr Allergy Immunol. 2002 Jun; 

13(3): 195–202.
125	 Singanayagam A, Chalmers JD, Akram AR, 

Hill AT. Impact of inhaled corticosteroid use 
on outcome in COPD patients admitted 
with pneumonia. Eur Respir J. 2011 Jul; 

38(1): 36–41.
126	 Singanayagam A, Glanville N, Girkin JL,  

Ching YM, Marcellini A, Porter JD, et al. 
Corticosteroid suppression of antiviral im-
munity increases bacterial loads and mucus 
production in COPD exacerbations. Nat 
Commun. 2018 Jun; 9(1): 2229.

127	 Henkle E, Curtis JR, Chen L, Chan B, 
Aksamit TR, Daley CL, et al. Comparative 
risks of chronic inhaled corticosteroids and 
macrolides for bronchiectasis. Eur Respir J. 
2019 Jul; 54(1): 1801896.

128	 Greenberger PA, Bush RK, Demain JG, Luong 
A, Slavin RG, Knutsen AP. Allergic broncho-
pulmonary aspergillosis. J Allergy Clin Im-
munol Pract. 2014 Nov-Dec; 2(6): 703–8.

129	 Shah A, Panjabi C. Allergic Bronchopulmo-
nary Aspergillosis: A Perplexing Clinical En-
tity. Allergy Asthma Immunol Res. 2016 Jul; 

8(4): 282–97.
130	 Agarwal R. Allergic bronchopulmonary as-

perillosis. J Asthma. 2009; 46: 300–7.
131	 Eaton T, Garrett J, Milne D, Frankel A, Wells 

AU. Allergic bronchopulmonary aspergillo-
sis in the asthma clinic. A prospective evalu-
ation of CT in the diagnostic algorithm. 
Chest. 2000 Jul; 118(1): 66–72.

132	 Fokkens WJ, Lund VJ, Mullol J, Bachert C, 
Alobid I, Baroody F, et al. EPOS 2012: euro-
pean position paper on rhinosinusitis and 
nasal polyps 2012. A summary for otorhino-
laryngologists. Rhinology. 2012 Mar; 50(1): 

1–12.
133	 Rosati MG, Peters AT. Relationships among 

allergic rhinitis, asthma, and chronic rhino-
sinusitis. Am J Rhinol Allergy. 2016 Jan-Feb; 

30(1): 44–7.
134	 Bourdin A, Gras D, Vachier I, Chanez P. Up-

per airway x 1: allergic rhinitis and asthma: 
united disease through epithelial cells. Tho-
rax. 2009 Nov; 64(11): 999–1004.

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

1 
A

M

https://www.karger.com/Article/FullText/507228?ref=92#ref92
https://www.karger.com/Article/FullText/507228?ref=93#ref93
https://www.karger.com/Article/FullText/507228?ref=93#ref93
https://www.karger.com/Article/FullText/507228?ref=94#ref94
https://www.karger.com/Article/FullText/507228?ref=95#ref95
https://www.karger.com/Article/FullText/507228?ref=96#ref96
https://www.karger.com/Article/FullText/507228?ref=96#ref96
https://www.karger.com/Article/FullText/507228?ref=97#ref97
https://www.karger.com/Article/FullText/507228?ref=98#ref98
https://www.karger.com/Article/FullText/507228?ref=99#ref99
https://www.karger.com/Article/FullText/507228?ref=99#ref99
https://www.karger.com/Article/FullText/507228?ref=100#ref100
https://www.karger.com/Article/FullText/507228?ref=101#ref101
https://www.karger.com/Article/FullText/507228?ref=102#ref102
https://www.karger.com/Article/FullText/507228?ref=103#ref103
https://www.karger.com/Article/FullText/507228?ref=104#ref104
https://www.karger.com/Article/FullText/507228?ref=105#ref105
https://www.karger.com/Article/FullText/507228?ref=106#ref106
https://www.karger.com/Article/FullText/507228?ref=107#ref107
https://www.karger.com/Article/FullText/507228?ref=108#ref108
https://www.karger.com/Article/FullText/507228?ref=109#ref109
https://www.karger.com/Article/FullText/507228?ref=110#ref110
https://www.karger.com/Article/FullText/507228?ref=110#ref110
https://www.karger.com/Article/FullText/507228?ref=111#ref111
https://www.karger.com/Article/FullText/507228?ref=112#ref112
https://www.karger.com/Article/FullText/507228?ref=113#ref113
https://www.karger.com/Article/FullText/507228?ref=114#ref114
https://www.karger.com/Article/FullText/507228?ref=115#ref115
https://www.karger.com/Article/FullText/507228?ref=115#ref115
https://www.karger.com/Article/FullText/507228?ref=116#ref116
https://www.karger.com/Article/FullText/507228?ref=116#ref116
https://www.karger.com/Article/FullText/507228?ref=117#ref117
https://www.karger.com/Article/FullText/507228?ref=117#ref117
https://www.karger.com/Article/FullText/507228?ref=118#ref118
https://www.karger.com/Article/FullText/507228?ref=119#ref119
https://www.karger.com/Article/FullText/507228?ref=120#ref120
https://www.karger.com/Article/FullText/507228?ref=120#ref120
https://www.karger.com/Article/FullText/507228?ref=121#ref121
https://www.karger.com/Article/FullText/507228?ref=122#ref122
https://www.karger.com/Article/FullText/507228?ref=123#ref123
https://www.karger.com/Article/FullText/507228?ref=123#ref123
https://www.karger.com/Article/FullText/507228?ref=124#ref124
https://www.karger.com/Article/FullText/507228?ref=125#ref125
https://www.karger.com/Article/FullText/507228?ref=126#ref126
https://www.karger.com/Article/FullText/507228?ref=126#ref126
https://www.karger.com/Article/FullText/507228?ref=127#ref127
https://www.karger.com/Article/FullText/507228?ref=128#ref128
https://www.karger.com/Article/FullText/507228?ref=128#ref128
https://www.karger.com/Article/FullText/507228?ref=129#ref129
https://www.karger.com/Article/FullText/507228?ref=130#ref130
https://www.karger.com/Article/FullText/507228?ref=131#ref131
https://www.karger.com/Article/FullText/507228?ref=132#ref132
https://www.karger.com/Article/FullText/507228?ref=133#ref133
https://www.karger.com/Article/FullText/507228?ref=134#ref134
https://www.karger.com/Article/FullText/507228?ref=134#ref134


Crimi/Ferri/Campisi/CrimiRespiration 2020;99:463–476476
DOI: 10.1159/000507228

135	 Licari A, Caimmi S, Bosa L, Marseglia A, 
Marseglia GL, Caimmi D. Rhinosinusitis 
and asthma: a very long engagement. Int J 
Immunopathol Pharmacol. 2014 Oct-Dec; 

27(4): 499–508.
136	 Jarvis D, Newson R, Lotvall J, Hastan D, To-

massen P, Keil T, et al. Asthma in adults and 
its association with chronic rhinosinusitis: 
the GA2LEN survey in Europe. Allergy. 
2012 Jan; 67(1): 91–8.

137	 Guan WJ, Gao YH, Li HM, Yuan JJ, Chen 
RC, Zhong NS. Impact of co-existing chron-
ic rhinosinusitis on disease severity and risks 
of exacerbations in chinese adults with  
bronchiectasis. PLoS One. 2015 Sep; 10(9): 
e0137348.

138	 Benninger M, Ferguson B, Hadley J, Hami-
los D, Jacobs M, Kennedy D et al. Adult 
chronic rhinosinusitis: definitions, diagno-
sis, epidemiology, and pathophysiology. 
Otolaryngol Head Neck Surg. 2003 Sep; 

129(3 Suppl):S1–32.
139	 Guilemany JM, Angrill J, Alobid I, Centellas 

S, Prades E, Roca J, et al. United airways: the 
impact of chronic rhinosinusitis and nasal 
polyps in bronchiectasic patient’s quality of 
life. Allergy. 2009 Oct; 64(10): 1524–9.

140	 Shapiro AJ, Zariwala MA, Ferkol T, Davis 
SD, Sagel SD, Dell SD, et al.; Genetic Disor-
ders of Mucociliary Clearance Consortium. 
Diagnosis, monitoring, and treatment of 
primary ciliary dyskinesia: PCD foundation 
consensus recommendations based on state 
of the art review [internet]. Pediatr Pul
monol. 2016 Feb; 51(2): 115–32.

141	 Ramakrishnan VR, Ferril GR, Suh JD, 
Woodson T, Green TJ, Kingdom TT. Upper 

and lower airways associations in patients 
with chronic rhinosinusitis and bronchiec-
tasis. Int Forum Allergy Rhinol. 2013 Nov; 

3(11): 921–7.
142	 Shteinberg M, Nassrallah N, Jrbashyan J, Uri 

N, Stein N, Adir Y. Upper airway involve-
ment in bronchiectasis is marked by early 
onset and allergic features. ERJ Open Res. 
2018 Jan; 4(1): 00115–02017.

143	 Guilemany JM, Mariño-Sánchez FS, Angrill 
J, Alobid I, Centellas S, Pujols L, et al. The 
importance of smell in patients with bron-
chiectasis. Respir Med. 2011 Jan; 105(1): 44–
9.

144	 Guilemany JM, Alobid I, Angrill J, Balleste-
ros F, Bernal-Sprekelsen M, Picado C, et al. 
The impact of bronchiectasis associated to 
sinonasal disease on quality of life. Respir 
Med. 2006 Nov; 100(11): 1997–2003.

145	 Singh D, Agusti A, Anzueto A, Barnes PJ, 
Bourbeau J, Celli BR, et al. Global Strategy 
for the Diagnosis, Management, and Pre-
vention of Chronic Obstructive Lung Dis-
ease: the GOLD science committee report 
2019. Eur Respir J. 2019 May; 53(5): 1900164.

146	 Garcha DS, Thurston SJ, Patel AR, Mackay 
AJ, Goldring JJ, Donaldson GC, et al. Chang-
es in prevalence and load of airway bacteria 
using quantitative PCR in stable and exacer-
bated COPD. Thorax. 2012 Dec; 67(12): 

1075–80.
147	 Kew KM, Seniukovich A. Inhaled steroids 

and risk of pneumonia for chronic obstruc-
tive pulmonary disease. Cochrane Database 
Syst Rev. 2014 Mar;(3):CD010115.

148	 Festic E, Scanlon PD. Incident pneumonia 
and mortality in patients with chronic ob-

structive pulmonary disease. A double effect 
of inhaled corticosteroids? Am J Respir Crit 
Care Med. 2015 Jan; 191(2): 141–8.

149	 Rogers GB, Bruce KD, Martin ML, Burr LD, 
Serisier DJ. The effect of long-term macro-
lide treatment on respiratory microbiota 
composition in non-cystic fibrosis bronchi-
ectasis: an analysis from the randomised, 
double-blind, placebo-controlled BLESS tri-
al. Lancet Respir Med. 2014 Dec; 2(12): 988–
96.

150	 Altenburg J, de Graaff CS, Stienstra Y, Sloos 
JH, van Haren EH, Koppers RJ, et al. Effect 
of azithromycin maintenance treatment on 
infectious exacerbations among patients 
with non-cystic fibrosis bronchiectasis: the 
BAT randomized controlled trial. JAMA. 
2013 Mar; 309(12): 1251–9.

151	 Wong C, Jayaram L, Karalus N, Eaton T, 
Tong C, Hockey H, et al. Azithromycin for 
prevention of exacerbations in non-cystic fi-
brosis bronchiectasis (EMBRACE): a ran-
domised, double-blind, placebo-controlled 
trial. Lancet. 2012 Aug; 380(9842): 660–7.

152	 Gibson PG, Yang IA, Upham JW, Reynolds 
PN, Hodge S, James AL, et al. Effect of 
azithromycin on asthma exacerbations and 
quality of life in adults with persistent  
uncontrolled asthma (AMAZES): a ran-
domised, double-blind, placebo-controlled 
trial. Lancet. 2017 Aug; 390(10095): 659–68.

153	 Carpagnano GE, Scioscia G, Lacedonia D, 
Curradi G, Foschino Barbaro MP. Severe 
uncontrolled asthma with bronchiectasis: a 
pilot study of an emerging phenotype that 
responds to mepolizumab. J Asthma Aller-
gy. 2019 Mar; 12: 83–90.

D
ow

nl
oa

de
d 

by
: 

U
N

S
W

 L
ib

ra
ry

14
9.

17
1.

67
.1

48
 -

 9
/2

/2
02

0 
4:

48
:2

1 
A

M

https://www.karger.com/Article/FullText/507228?ref=135#ref135
https://www.karger.com/Article/FullText/507228?ref=135#ref135
https://www.karger.com/Article/FullText/507228?ref=136#ref136
https://www.karger.com/Article/FullText/507228?ref=137#ref137
https://www.karger.com/Article/FullText/507228?ref=138#ref138
https://www.karger.com/Article/FullText/507228?ref=139#ref139
https://www.karger.com/Article/FullText/507228?ref=140#ref140
https://www.karger.com/Article/FullText/507228?ref=140#ref140
https://www.karger.com/Article/FullText/507228?ref=141#ref141
https://www.karger.com/Article/FullText/507228?ref=142#ref142
https://www.karger.com/Article/FullText/507228?ref=143#ref143
https://www.karger.com/Article/FullText/507228?ref=144#ref144
https://www.karger.com/Article/FullText/507228?ref=144#ref144
https://www.karger.com/Article/FullText/507228?ref=145#ref145
https://www.karger.com/Article/FullText/507228?ref=146#ref146
https://www.karger.com/Article/FullText/507228?ref=147#ref147
https://www.karger.com/Article/FullText/507228?ref=147#ref147
https://www.karger.com/Article/FullText/507228?ref=148#ref148
https://www.karger.com/Article/FullText/507228?ref=148#ref148
https://www.karger.com/Article/FullText/507228?ref=149#ref149
https://www.karger.com/Article/FullText/507228?ref=150#ref150
https://www.karger.com/Article/FullText/507228?ref=151#ref151
https://www.karger.com/Article/FullText/507228?ref=152#ref152
https://www.karger.com/Article/FullText/507228?ref=153#ref153
https://www.karger.com/Article/FullText/507228?ref=153#ref153

	TabellenTitel
	TabellenFussnote

