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Abstract

Background

Few studies have evaluated the coexistence of bronchiectasis (BE) and chronic obstructive
pulmonary disease (COPD) in series of patients diagnosed primarily with BE. The aim of
this study was to analyse the characteristics of patients with BE associated with COPD
included in the Spanish Bronchiectasis Historical Registry and compare them to the remain-
ing patients with non-cystic fibrosis BE.

Methods

We conducted a multicentre observational study of historical cohorts, analysing the charac-
teristics of 1,790 patients who had been included in the registry between 2002 and 2011.
Of these, 158 (8.8%) were registered as BE related to COPD and were compared to the
remaining patients with BE of other aetiologies.

Results

Patients with COPD were mostly male, older, had a poorer respiratory function and more fre-
quent exacerbations. There were no differences in the proportion of patients with chronic
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bronchial colonisation or in the isolated microorganisms. A significantly larger proportion of
patients with COPD received treatment with bronchodilators, inhaled steroids and intrave-
nous antibiotics, but there was no difference in the use of long term oral or inhaled antibiother-
apy. During a follow-up period of 3.36 years, the overall proportion of deaths was 13.8%.
When compared to the remaining aetiologies, patients with BE associated with COPD pre-
sented the highest mortality rate. The multivariate analysis showed that the diagnosis of
COPD in a patient with BE as a primary diagnosis increased the risk of death by 1.77.

Conclusion

Patients with BE related to COPD have the same microbiological characteristics as patients
with BE due to other aetiologies. They receive treatment with long term oral and inhaled anti-
biotics aimed at controlling chronic bronchial colonisation, even though the current COPD
treatment guidelines do not envisage this type of therapy. These patients’ mortality is nota-
bly higher than that of remaining patients with non-cystic fibrosis BE.

Introduction

Commercial development and scientific research related to bronchiectasis (BE) were scarce
throughout most of the 20th century due to the low prevalence of this disease as a consequence
of continuous health improvements, to such an extent that it became an “orphan disease” [1].
We are now going through a phase in which this disease is receiving great attention as a result
of better diagnosis via thoracic high-resolution computed tomography (HRCT), increased sci-
entific evidence on the effect of drugs such as macrolides or inhaled antibiotics and the estab-
lishment of new BE aetiologies [2]. There has been some controversy in recent years, however,
as regards whether chronic obstructive pulmonary disease (COPD) [3] should be recognised
as a BE aetiology, given the absence of any evidence proving a causal relationship, although
studies have increasingly shown a high prevalence of BE in COPD patients, particularly those
with more advanced stages of the latter disease [4,5]. The coexistence of both diseases causes
more symptoms, an accelerated functional decline, further complications and increased mor-
tality [6-9]. However, most data come from series of patients with COPD and there are few
studies that evaluate the coexistence of both diseases in series of patients diagnosed primarily
with BE.

The creation of BE registries is helping us obtain epidemiological and clinical data about
this disease, including its relationship with COPD. In population-based registries, information
is collected from all those centres where patients with an initial diagnosis of BE are diagnosed
and/or treated, which makes it possible to estimate the scale of the disease in the correspond-
ing geographical areas [10]. This overview facilitates the control of selection biases when con-
ducting epidemiological studies. The Spanish Bronchiectasis Historical Registry (SBHR) was
founded in 2002 by the Spanish Society for Pneumology and Thoracic Surgery (SEPAR). Its
aim was to collate a large number of BE patients to further the understanding of the disease
and identify its most common causes and clinical characteristics, as well as the most com-
monly isolated microorganisms and the most commonly followed treatment regimens.

The aim of this study is to analyse the characteristics of the patients diagnosed with BE
related to COPD who are included in the SBHR and compare them to the remaining patients
with non-cystic fibrosis (CF) BE.
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Material and methods

We conducted a multicentre observational study of historical cohorts by analysing adult
patients included in the SBHR between June 2002 and November 2011 who had been diag-
nosed with BE in various specialised outpatient clinics throughout Spain.

Structure of the registry

The SBHR was an electronic database, accessible through the SEPAR website (www.separ.es/
bronquiectasias), to which all affiliated pulmonologists were invited to contribute. The inclu-
sion criteria were a primary diagnosis of BE, obtained via thoracic CT, bronchography or,
exceptionally, clinical-radiological criteria. Data were entered into an electronic form divided
into five sections: identification/clinical data, aetiology, bronchial colonisation, lung function
and current treatment regimen. Each patient was examined by the SBHR coordination team
before being validated. In case of omissions or inconsistencies, applicable corrections were
requested from the corresponding researcher as a quality-control measure.

Study population

In this study, we analysed every patient included in the SBHR with non-CF BE. We rejected
those with CF, since this group shows very specific clinical and evolutive characteristics. The
cases in which COPD was considered a BE-associated disease were compared to the remaining
cases.

Registry variables

The SBHR collected several clinical data: age, gender, height/weight, year in which symptoms
started, year in which the BE was diagnosed, smoking history, presence and type of expecto-
ration (white, white-yellow or green), presence of haemoptysis and/or sinusitis, exacerbations
and mortality. An exacerbation was defined as an acute and sustained presentation of changes
in the characteristics of sputum (increased volume, consistency, purulence or haemoptysis),
and / or increased dyspnoea not due to other causes [11]. Information about the BE diagnosis
method was requested: CT, HRCT, bronchography or clinical-radiological criteria. The BE
extension was also recorded as localised, bilateral or diffuse (if it affected 4 lobes or more).

Researchers were asked to include the data of the spirometry performed closest to the
moment of inclusion in the registry, with the patient in a stable condition. As recommended
in the SEPAR guidelines for performing spirometry, post-bronchodilator values were used in
cases where this test was performed. The lung function data requested were: absolute values of
forced vital capacity (FVC) and maximum expiratory volume in one second (FEV,) in I/s,
FEV,/FVC ratio and oxygen saturation (SatO,). Subsequently, the theoretical values of FVC
and FEV, were calculated through the formulas of Roca et al [12].

Researchers had to assign an aetiology to the BE of each patient. To ensure that the data
were as homogeneous as possible, researchers were urged to follow specific recommendations
proposed by SEPAR concerning the aetiological diagnosis. These recommendations were later
included in the SEPAR 2008 Bronchiectasis Diagnosis and Treatment Guidelines [11]. In cases
where BE was considered to have an unknown aetiology, a record of the diagnostic tests used
to rule out specific BE causes was requested [11]. It was left to each researcher’s discretion to
assign COPD or asthma as the cause of BE in a given patient, but a recommendation was made
to reasonably exclude any other possible aetiology. The COPD diagnosis was based on the
GOLD Guidelines in force since 2002 [13]. If a diagnosis of COPD-related BE was established
in a patient without obstructive pattern in the spirometry incorporated in the registry, the
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coordinating team contacted the physician responsible for the diagnosis to confirm that spi-
rometries had ratified the obstruction at some point of his clinical evolution and thereby sup-
ported the diagnosis. Otherwise, the patient was not considered to have COPD and was
transferred to the idiopathic BE group. Thus, COPD-related BE was established only if the
diagnosing physician thought, in addition to the confirmation of spirometric obstruction, that
COPD was a key factor due to smoking and medical history, or due to the presence of emphy-
sema in CT (data not recorded in the registry). Moreover, COPD was excluded as a BE-associ-
ated disease in many smokers with an obstructive spirometric pattern, if COPD was not
considered by the researcher to be responsible for the BE or clinical symptoms, and if these
patients presented some other condition that clearly influenced their clinical evolution and
could therefore be considered the main cause of BE.

All patients with three or more positive cultures for the same microorganism during a
period of 6 months, in different samples taken at intervals of one month, were considered to
have chronic bronchial colonisation (CBC) [14]. The researcher had to classify each patient as
either colonised or not colonised at the point of inclusion in the registry.

Furthermore, the current treatment regimen at the time of patient inclusion in the registry
was requested: oral antibiotic therapy (in exacerbations, cyclic or continuous), inhaled antibi-
otic therapy (cyclic or continuous), intravenous antibiotic therapy, bronchodilator treatment
(BD), inhaled corticosteroids (ICS) or surgical treatment.

Ethics statement

Researchers guaranteed patients’ confidentiality, in accordance with the data protection law
[15] by making their identification data anonymous and by using alphanumeric codes. Infor-
mation analysis was always aggregated, never individual. Every researcher agreed to comply
with the Guidelines to Good Clinical Practice.

Statistical analysis

We conducted a descriptive analysis with central tendency and dispersion measures for quan-
titative variables (mean and standard deviation) and frequency distribution for qualitative var-
iables. The T-Student test (or the ANOVA test in those cases with three or more categories)
was used to compare independent quantitative variables; the Chi-square test was used for inde-
pendent categorical variables.

In order to assess whether the presence of COPD in patients with BE was associated with
increased mortality, a survival analysis was conducted using the Cox regression with the follow
up data available in the SBHR. This analysis was adjusted for those variables which, according
to researchers, were clinically relevant, such as age, gender, body mass index, CBC by PA,
FEV, (% predicted), smoking habit (active, previous smoker or always non-smoker) and BE
extension (localised, bilateral or diffuse). The survival analysis was graphically represented by
the Kaplan Meier curves and the log-rank test was used to compare the curves.

Results

Between June 2002 and November 2011, 2,113 patients from 36 health centres in 11 different
autonomous communities were included prospectively in the SBHR. 287 of these (13.6%) had
CF BE and were excluded from the current study. We have also excluded 36 more patients due
to incomplete or incorrect data (Fig 1). We have, therefore, analysed the remaining 1,790
patients with non-CF BE. 158 of these (8.8%) were registered as having BE related to COPD.
The remaining registered aetiologies were: unknown (27.7%), post-tuberculous (21.2%), non-
tuberculous infection (13%), primary immunodeficiencies (10.7%), asthma (6.1%), ciliary
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2113 patients included in the Bronchiectasis

Historical Registry

287 patients with CF
e 32 with X-ray diagnosed BE

4

1826 patients with non-CF BE

36 patients excluding

* 31 with xraydiagnosed BE

e 3 without data on the diagnosis

> method used

e 2patientsincluded asCOPD
with normal spirometries

A 4

1790 patients included in the study

158 patients with 1632 patients with
BE associated with BE from other
COPD aetiologies

Fig 1. Study flowchart. BE: bronchiectasis; CF: cystic fibrosis; COPD: chronic obstructive pulmonary
disease.

https://doi.org/10.1371/journal.pone.0177931.9001

disease (3.3%) and up to 21 further aetiologies. A complete list of individual and grouped
aetiologies can be seen in S1 File.

General, radiological and clinical data

There were differences in the BE diagnostic method between non-COPD patients and COPD
patients (p = 0.026). The methods used were HRCT (84.8% vs. 77.2% of the cases, respectively),
conventional CT (14.4% vs. 22.2%) and bronchography (0.8% vs. 0.6%). As shown in Table 1,
there was a significantly higher percentage of men in the COPD group: they were older at the
time of inclusion in the registry, at the onset of symptoms and at the time BE was diagnosed,
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Table 1. General, clinical and radiological data.

Male sex (% of patients)

General data (mean + sd)

Age (years)

Age at onset of symptoms (years)

Age at BE diagnosis (years)

Diagnosis delay (years between onset of symptoms and diagnosis of BE)
Clinical data (% of patients)

Current or previous smoking

Daily expectoration

Type of expectoration

* White
* White-yellow
* Yellow or green

Sinusitis

Haemoptysis

Presence of exacerbations previous year
Mortality

BE extension (% of patients)

Localised BE

Bilateral BE

Diffuse BE

BE: bronchiectasis; ns: non-significant; sd: standard deviation

https://doi.org/10.1371/journal.pone.0177931.t001

BE without COPD
(n=1,632)

40.8

63.7+18.6
35.6+23.9
48.9+20.9
13.4+16.2

32.6
50.8

*314
*32.7
*19.0

26.5
33.3
48.0
19.0

28.2
48.5
23.3

BE with COPD
(n=158)

89.9

76.4+10.4

56.5+16.9

65.7+10.9
9.2+11.5

96.8
65.2

*40.5
*36.7
*152

7.2
27.2
72.0
37.5

24.7
57.0
18.4

<0.001

<0.001

<0.001

<0.001
0.002

<0.001
0.001

0.004

<0.001
ns
0.02
<0.001

ns
0.042
ns

and the period between the onset of symptoms and the diagnosis of BE was shorter. In these
patients, distribution of BE was more frequently bilateral and a greater proportion had daily
expectoration, which was most frequently white. There was also a higher proportion of

patients with annual exacerbations (72% vs. 48%; p = 0.02).

Respiratory function data

Table 2 shows functional comparative data between the two groups. Patients with BE and
COPD had lower FVC, FEV, FEV/FVC and SatO, values, and most of them showed an

obstructive pulmonary pattern, even though 14% presented a non-obstructive pattern (FEV,/
FVC > 0.7). A greater proportion of them had a severe or very severe functional impairment.

For the data to be comparable to those of other series published in recent years, we classified
the severity of COPD according to the latest GOLD criteria; 1.3% were at the stage GOLD I,

26.7% were at GOLD II, 38% were at GOLD III and 20% were at GOLD IV (Fig 2).

The presence of CBC was associated with poorer respiratory function, both in patients with
and without COPD. However, spirometric values were significantly lower in colonised COPD
patients, compared to non-COPD colonised patients: FVC (63.3% vs. 68.1%), FEV1 (37.1% vs.
62.7%), FEV1 / FVC (48.6% vs. 62.8%) and SatO2 (91.3% vs. 94.6%) (all comparisons p<0.001).

Microbiology data

There were no significant differences between the two groups in terms of the proportion of

patients with CBC (34.9% vs. 34.2%) or in the percentage of the various isolated
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Table 2. Functional data.

BE without COPD BE with COPD P
(n=1,632) (n=158)

FVC (%) (mean + sd) 72.8+19.3 60.2+16.8 <0.001
FEV, (%) (mean + sd) 69.4+23.4 45.7+18.0 <0.001
FEV4/FVC (%) (mean + sd) 71.0+14.5 55.3+13.9 <0.001
SatO, (%) (mean +* sd) 95.2+3.6 92.1+4.8 <0.001
Functional severity (% of patients)
Normal or mild (FEV > 80%) 38.8 3.3 <0.001
Moderate (FEV, 50-80%) 37.3 36.7 NS
Severe (FEV, 30-49%) 19.0 40.0 <0.001
Very severe (FEV, < 30%) 4.9 20.0 <0.001
Type of ventilatory disorder (% of patients)
Obstructive 415 86.0 <0.001
(FEV4/FVC <0.7)
Non-obstructive 58.5 14.0
(FEV4/FVC > 0.7)

FVC: forced vital capacity; FEV: forced expiratory volume in 1 second; ns: non-significant; sd: standard deviation; SatO,: oxygen saturation.

https://doi.org/10.1371/journal.pone.0177931.t1002

microorganisms. Seventeen different microorganisms were registered, the most common of
which were: P. aeruginosa (PA), H. influenzae and S. pneumoniae (Table 3).

The proportion of patients with CBC caused by any microorganism or, more specifically,
by PA increased with the functional severity impairment (in both cases p<0.001) in patients
both with and without COPD, with no differences observed between the groups (Fig 3A and
3B). Furthermore, both types of CBC were significantly associated with a higher percentage of
patients with exacerbations in the previous year (p<0.001 and p = 0.001, respectively). This
association was more relevant in patients with COPD and CBC by any microorganism
(p=0.019) (Fig 4A and 4B).

Treatment

Patients with BE and COPD were treated with BD and ICS and intravenous antibiotics to a
larger extent, but there was no difference with non-COPD patients in the use of antibiotherapy

1.3%

26.7% oGOLD I - Mild 0GOLD Il - Moderate

20% H OGOLD Il - Severe OGOLD IV - Very severe

oNon-obstructive pattern

38%

Fig 2. Severity of patients with bronchiectasis secondary to COPD according to GOLD staging.
COPD: chronic obstructive pulmonary disease.

https://doi.org/10.1371/journal.pone.0177931.9002
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Table 3. Microbiological data.

Chronic bronchial infection (% of patients)
Colonising microorganisms (% of patients)

Pseudomonas aeruginosa
Haemophilus influenzae
Streptococcus pneumoniae
Aspergillus spp

Candida spp
Staphylococcus aureus
Moraxella catarrhalis
Stenotrophomonas maltophilia
Escherichia coli

Klebsiella pneumoniae
Acinetobacter spp
Atypical mycobacteria
Alcaligenes xylosoxidans
Serratia spp

Bordetella spp

MRSA

Pseudoallescheria boydii
Scedosporium spp
Proteus spp

Nocardia spp

Penicillium spp

BE without COPD BE with COPD p
(n=1,632) (n=158)
34.9 34.2 ns
19.8 24.7 ns
12.2 8.2 ns
5.4 3.8 ns
3.6 2.5 ns
2.3 1.9 ns
2.3 0.6 ns
1.3 0.6 ns
0.9 1.9 ns
0.7 0 ns
0.7 0.6 ns
0.6 1.3 ns
0.6 1.3 ns
0.4 1.9 ns
0.4 1.3 ns
0.2 0.6 ns
0.2 0.6 ns
0.2 0 ns
0.2 0 ns
0.1 0.6 ns
0.1 0 ns
0.1 0 ns

MRSA: Methicillin-resistant Staphylococcus aureus; ns: non-significant.

https://doi.org/10.1371/journal.pone.0177931.t003

(oral or inhaled) nor in the need for surgery (Table 4). When specifically analysing treatments
in terms of CBC by PA (Table 4), we observed that there were significant differences only in
ICS, which were most frequently used in COPD patients. In both groups (with/without
COPD) there was a significantly greater use of ICS, oral and inhaled antibiotics in colonised
patients.

With respect to the use of treatment in terms of respiratory functional impairment, we only
found significant differences between COPD and non-COPD patients in the use of BD (most
commonly used in COPD patients with mild impairment) (p = 0.043) and cyclic oral anti-
biotherapy (more in non-COPD patients with moderate impairment) (p = 0.046).

Survival analysis

At the time the SBHR was closed, follow-up data were available for 836 patients (46.8% of the
non-COPD group and 45.6% of the COPD group), with an average follow-up time of 3.36
years. The overall proportion of deaths was 13.8%, which was significantly higher in the
COPD group (37.5% vs. 19.0%; p<0.001) (Table 1). There were no significant differences in
the causes of death among patients with and without COPD: respiratory (87.5% vs. 66%), car-
diovascular (50% vs. 31.3%), cancer (50% vs. 56.3%) or others. When the survival between dif-
ferent groups was compared, patients with BE associated with COPD presented the highest
mortality rate, well above post-infectious (15.3%), primary immunodeficiencies (10.1%) or
unknown causes (11.1%) (Fig 5). The majority of deaths were due to respiratory causes
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Fig 3. Presence of chronic bronchial colonisation. (A) Chronic bronchial colonisation by any microorganism
according to functional severity group. (B) Chronic bronchial colonisation by P. aeruginosa according to functional
severity group. BE: bronchiectasis: COPD: chronic obstructive pulmonary disease.

https://doi.org/10.1371/journal.pone.0177931.9003

(71.2%), although there were no significant differences between patients with or without
COPD. The multivariate analysis showed that the diagnosis of COPD in a patient with BE as a
primary diagnosis increased the risk of death by 1.77 compared to the rest of the patients, after
adjusting for age, gender, body mass index, presence of CBC caused by PA, FEV, smoking
habit and BE extension (Table 5).

Discussion

We analysed a homogeneous and extensive sample of patients primarily diagnosed with BE,
who were subsequently diagnosed with BE related to COPD after a rigorous study. Compared
to BE associated with other conditions, patients with COPD are mostly male, older, with
poorer respiratory function, more frequent exacerbations and a higher mortality rate after
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Fig 4. Presence of exacerbations during the previous year. (A) According to CBC by any microorganism.
(B) According to CBC by P. aeruginosa. BE: bronchiectasis; CBC: chronic bronchial colonisation; COPD:
chronic obstructive pulmonary disease; PA: Pseudomonas aeruginosa.

https://doi.org/10.1371/journal.pone.0177931.9004

adjusting for several confounding variables. There are no differences between them and the
remaining patients as regards the proportion of CBC, colonising microorganisms or treatment
regimen.

Given that this was a registry, assigning a specified aetiology to a particular patient depended
on the researcher’s criteria. To avoid biases, the committee who developed and coordinated the
SBHR requested that a series of recommendations be followed to diagnose and treat patients.
These recommendations were later included by SEPAR in the first published clinical guidelines
on diagnosing and treating this disease in 2008 [11], which were followed by the British guide-
lines a few years later [16]. In order to establish a diagnosis of COPD-related BE, other possible
causes should have been ruled out, but patients also had to present a clinical and functional
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Table 4. Treatment data according to the presence of COPD and CBC by P. aeruginosa.

BE without BE with COPD p
COPD (n=158) PA

(n=1,632) (n=323)
Inhalers (% of patients)
BD 73.5 94.0 <0.001 86.7
Inhaled steroids 65.3 82.7 <0.001 80.9
Oral Antibiotherapy (% of patients)
Cyclic oral antibiotics 14.9 10.4 ns 30.0
Continuous oral antibiotics 2.3 2.6 ns 7.2
Inhaled Antibiotherapy (% of patients)
Inhaled cyclic antibiotics 4.0 5.5 ns 11.9
Inhaled continuous 7.0 9.0 ns 254
antibiotics
Other treatments (% of patients)
Intravenous antibiotics 77.8 89.3 0.004 75.5
Surgery 4.1 2.1 ns 5.5

BE without COPD with CBC by

BE with COPD with CBC by

PA

(n=39)

97.2
94.6

26.3
5.3

13.5
24.3

84.8
5.6

p

ns
0.039

ns
ns

ns
ns

ns
ns

BE: bronchiectasis; CBC: chronic bronchial colonisation; COPD: chronic obstructive pulmonary disease; ns: non-significant; PA: Pseudomonas aeruginosa.

https://doi.org/10.1371/journal.pone.0177931.t1004

course compatible with COPD. In this respect, it was crucial that most of them were followed as
outpatients on a regular basis by the participating researchers. Furthermore, the diagnosis of BE
related to COPD was ruled out in patients with a history of smoking when another disease was

detected in the etiological study and considered to be responsible for the BE.
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Fig 5. Kaplan Meier survival curve: Cumulative percentage of survivors per non-cystic fibrosis
bronchiectasis aetiology. Curves compared by means of the log-rank test: COPD curve vs. other

aetiologies curves (log-rank 38.800; p<0.0001).
https://doi.org/10.1371/journal.pone.0177931.g005
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Table 5. Survival analysis: Cox regression adjusted by age, gender, BE extension, body mass index,
presence of CBC caused by PA, FEV, (% predicted), smoking habit and COPD diagnosis.

Variable B P OR 1C95%
Age 0.044 0.0001 1.04 1.02-1.07
COPD presence 0.512 0.001 1.77 1.18-2.76
FEV, (% pred) 0.113 0.001 1.12 1.09-1.97
CBC by PA 0.123 0.24 1.1 0.88-1.25

Smoking habit 0.09 0.36 1.09 0.9-1.3
Gender 0.134 0.12 1.06 0.91-1.34
BE extension 0.01 0.88 1.01 0.87-1.13
BMI 0.011 0.09 1.01 0.94-1.03

BE: bronchiectasis; CBC: chronic bronchial colonisation; COPD: chronic obstructive pulmonary disease; PA:
Pseudomonas aeruginosa.

https://doi.org/10.1371/journal.pone.0177931.t1005

Our series is the largest to have analysed the aetiology and clinical characteristics of patients
with BE; we observed that in 8.8% of these, COPD was considered to be the causal factor of
BE. Until recently, BE studies have included a small number of patients and also excluded
those with COPD, which limited the value of the findings [17-19]. More recent studies have
included a larger number of cases [20-23] but some do not include individual clinical data
[23]. In these series, COPD is considered to be an aetiology of BE in a higher percentage than
in ours (11-36%) [21-25]. This difference might be attributed to the fact that the SBHR’s data
were collected at a time when it was not common to consider COPD as a possible cause of BE.

We found that patients with BE and COPD had more airflow obstruction and lower FEV,
which coincides with previous observations [5-8]. However, 14% of them presented a non-
obstructive pulmonary pattern in the spirometry performed closest to the moment of inclusion
in the registry. This can be attributed to technical reasons (incorrect spirometric manoeuvre),
but also to factors related to COPD itself or to the presence of BE. It is known that there are
patients with an obstructive pulmonary pattern who require a plethysmographic test to be
diagnosed correctly [26,27], so it is not uncommon to detect a non-obstructive spirometric
impairment in patients with airway diseases [27,28]. Moreover, a restrictive element is a fea-
ture of previous functional research into BE [28,29], and no satisfactory explanation has been
advanced for this finding. Since our study was cross-sectional, the spirometry values intro-
duced at the time of inclusion in the registry were maintained, even in the 21 COPD patients
with no obstructive pattern. However, by contacting the responsible researchers we ensured
that these patients had COPD-compatible clinical/epidemiological characteristics and spirom-
etries with an obstructive pattern during their clinical course, and that other causes of BE had
been ruled out.

The frequency of CBC and the proportion of colonising microorganisms were similar in
patients with and without COPD (34.9% vs. 34.2%), and CBC by PA was associated with
increased functional impairment and increased frequency of exacerbations. Given that we
were comparing two groups of patients with BE, no differences were expected, since the associ-
ation between CBC, low FEV and presence of exacerbations [30,31] is already known.

It is noteworthy that a large proportion of patients received ICS, particularly those with
CBC. Subsequent to warnings of a higher risk of pneumonia in COPD patients being treated
with ICS [32], there has been a debate on the advisability of restricting its use, especially when
CBC is present. Recent studies have revealed an increase in dose-dependent bacterial load in
patients who receive ICS [33], which could be due to a decrease in local immune defences that
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would favour bacterial growth. Until there is more available evidence, use of ICS in BE should
be limited to patients with bronchial hyper-responsiveness, as recommended by the guidelines
[11,16].

CBC by PA in patients with BE of any aetiology is associated with a poorer clinical evolu-
tion [31,34,35], which leads to an attempt to reduce bacterial load with long-term antibiother-
apy. Participants in the SBHR coincided in their use of oral and inhaled antibiotics to treat
CBC in patients with BE related to COPD, even though these treatment regimens are not
included in the COPD treatment guidelines [36]. The effectiveness of long-term macrolides
has been evaluated in COPD and BE with favourable results [37,38] but the use of other oral
antibiotics to avoid exacerbations in COPD has had highly variable results: consequently, the
systematic use of such drugs is not recommended at this time [39,40]. Only two studies have
evaluated the use of inhaled antibiotics—tobramycin and levofloxacin—in a few COPD
patients, with inconclusive results [41,42]. Despite the lack of scientific evidence, it is increas-
ingly common in everyday clinical practice to treat CBC by PA in patients with BE with
inhaled antibiotics, regardless of their aetiology.

The survival analysis of the 836 patients in whom follow-up data were available showed a
significantly increased mortality in COPD patients (26.2%). The presence of COPD in patients
who had been initially diagnosed with BE increased the risk of death by 1.87 times, in line with
previous observations [9,43]. Goemmine et al [9] analysed survival in a series of 245 patients,
and also observed that patients with BE related to COPD had a higher mortality (55%), with
the risk of death increased 2.12 times. The difference with our study as regards mortality may
be due to the longer follow-up period (5.18 years), but also to the higher average age of the
patients included in their study. Despite having a sample that was three times larger, we
observed, like Goemmine et al, that patients with BE and COPD had a significantly higher
mortality than those of other BE aetiologies. This confirms the impression that these patients
form a special phenotype, different from COPD without BE, but also different from the rest of
non-CF BE.

Our study has several strengths, since we had a wide and homogeneous sample of patients
monitored by pulmonologists at specialised outpatient clinics for BE in different autonomous
communities in Spain, with data being collected systematically. Furthermore, we have studied
the characteristics of COPD patients in a BE patient cohort, in contrast to most of the studies
in this respect, which assess BE patients in a COPD patient cohort.

Our study has also some limitations, however. One of them is that the diagnosis of BE
related to COPD depended on the clinical judgement of the researcher involved, which could
favour a selection bias. Nevertheless, in order to assign a specific aetiology, researchers were
requested to reasonably rule out every other cause of BE, following a study protocol that led to
an etiological diagnosis in 72.2% of patients. Furthermore, in cases where doubts about the
diagnosis of COPD might arise, as in patients with no spirometric obstruction, the corre-
sponding researcher was contacted to minimise the possibility of a misdiagnosis. We only con-
sidered BE to be associated with COPD after confirmation of spirometric obstruction (and
exclusion of other causes of BE) in those patients whose physicians thought COPD was a key
factor due to smoking and medical history, or due to the presence of emphysema in CT (data
not recorded in the registry). Another limitation is the absence of some relevant information
due to the simplicity of the data collection process: active principles and doses of the medica-
tion used; confirmation of the quality of the spirometries; and data allowing the calculation of
the FACED [20] and BSI [44] severity scores. Finally, mortality data were available in only 836
patients, but they were similarly distributed between patients with and without COPD, so we
consider the comparative survival analysis between the two groups to be valid.
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In conclusion, patients with BE related to COPD show the same type of microbiological
characteristics and receive the same treatment regimens as patients with BE from other aetiol-
ogies, with a surprisingly high use of ICS. These patients, monitored by pulmonologists spe-
cialised in BE, follow a treatment aimed at controlling CBC by PA with long-term oral and
inhaled antibiotics, despite the fact that current COPD treatment guidelines do not envisage
this type of therapies. Their mortality is notably higher than that of the remaining patients
with non-CF BE. We believe these results would justify carrying out prospective studies aimed
at assessing the tolerance and efficiency of these treatments in COPD patients.

Supporting information

S1 File. List of aetiologies. Complete list of individual and grouped etiologies reported by
researchers.

(DOCX)

Acknowledgments

To Clara Gonzélez de Amezia and Matthew Clarke, for their help in translating the
manuscript.

Author Contributions
Conceptualization: DDLR MAMG JDG.
Data curation: DDLR JDG.

Formal analysis: DDLR MAMG.
Investigation: DDLR.

Project administration: DDLR JDG.
Resources: DDLR JDG.

Supervision: DDLR MAMG ]JDG.
Visualization: DDLR MAMG.

Writing - original draft: DDLR MAMG.
Writing - review & editing: DDLR MAMG RMG MV CO LB LM AT EM OR FC RC.

References

1. Barker AF, Bardana EJ. Bronchiectasis: update of an orphan disease. Am Rev Respir Dis 1988; 137:
969-78 hitps://doi.org/10.1164/ajrccm/137.4.969 PMID: 3281531

2. Gao YH, Guan WJ, Liu SX, Wang L, Cui JJ, Chen RC, et al. Aetiology of bronchiectasis in adults: A sys-
tematic literature review. Respirology. 2016 Jun 19.

3. DuQ,JinJ, Liu X, SunY. Bronchiectasis as a Comorbidity of Chronic Obstructive Pulmonary Disease:
A Systematic Review and Meta-Analysis. PLoS One. 2016 Mar 15; 11(3):e0150532 https://doi.org/10.
1371/journal.pone.0150532 PMID: 26978269

4. Garcia-Vidal C, Almagro P, Romani V, Rodriguez-Carballeira M, Cuchi E, Canales L, et al. Pseudomo-
nas aeruginosa in patients hospitalized for COPD exacerbation: a prospective study. Eur Respir J.
2009; 34: 1072-8. https://doi.org/10.1183/09031936.00003309 PMID: 19386694

5. Gatheral T, Kumar N, Sansom B, Lai D, Nair A, Vlahos |, et al. COPD related bronchiectasis; indepen-
dent impact on disease course and outcomes. COPD. 2014; 11:605-14. https://doi.org/10.3109/
15412555.2014.922174 PMID: 24983298

PLOS ONE | https://doi.org/10.1371/journal.pone.0177931 May 18,2017 14/17


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0177931.s001
https://doi.org/10.1164/ajrccm/137.4.969
http://www.ncbi.nlm.nih.gov/pubmed/3281531
https://doi.org/10.1371/journal.pone.0150532
https://doi.org/10.1371/journal.pone.0150532
http://www.ncbi.nlm.nih.gov/pubmed/26978269
https://doi.org/10.1183/09031936.00003309
http://www.ncbi.nlm.nih.gov/pubmed/19386694
https://doi.org/10.3109/15412555.2014.922174
https://doi.org/10.3109/15412555.2014.922174
http://www.ncbi.nlm.nih.gov/pubmed/24983298
https://doi.org/10.1371/journal.pone.0177931

o ®
@ : PLOS | ONE Impact of COPD on patients with non-cystic bronchiectasis included in the Spanish Bronchiectasis Historical Registry

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Patel IS, Vlahos I, Wilkinson TM, Lloyd-Owen SJ, Donaldson GC, Wilks M, et al. Bronchiectasis,
exacerbation indices, and inflammation in chronic obstructive pulmonary disease. Am J Respir Crit
Care Med. 2004; 170:400-7. https://doi.org/10.1164/rccm.200305-6480C PMID: 15130905

Martinez-Garcia MA, Soler-Catalufia JJ, Donat Sanz Y, Catalan Serra P, Agramunt Lerma M, Ballestin
Vicente J, et al. Factors associated with bronchiectasis in patients with COPD. Chest. 2011; 140:1130—
7. https://doi.org/10.1378/chest.10-1758 PMID: 21546440

Martinez-Garcia MA, De la Rosa Carrillo D, Soler-Catalufia JJ, Donat-Sanz Y, Serra PC, Lerma MA,

et al. Prognostic value of bronchiectasis in patients with moderate-to-severe chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med. 2013; 187:823-31. https://doi.org/10.1164/rccm.201208-
15180C PMID: 23392438

Goeminne PC, Nawrot TS, Ruttens D, Seys S, Dupont LJ. Mortality in non-cystic fibrosis bronchiecta-
sis: a prospective cohort analysis. Respir Med. 2014; 108:287-96. https://doi.org/10.1016/j.rmed.2013.
12.015 PMID: 24445062

Martinez-Garcia C. Registros de enfermedades. Metodologia y funcionamiento. Haematologica (ed.
esp) 2003; 87(Supl.6):204—207.

Vendrell M, de Gracia J, Olveira C, Martinez MA, Girén R, Maiz L, et al. Diagnosis and treatment of
bronchiectasis. Spanish Society of Pneumology and Thoracic Surgery. Arch Bronconeumol. 2008 Nov;
44(11):629-40. PMID: 19007570

Roca J, Sanchis J, Agusti-Vidal A, Segarra F, Navajas D, Rodriguez-Roisin R, et al. Spirometric refer-
ence values from a Mediterranean population. Bull Eur Physiopathol Respir. 1986; 22:217-24 PMID:
3730638

Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS. Global strategy for the diagnosis, manage-
ment, and prevention of chronic obstructive pulmonary disease. NHLBI/WHO Gilobal Initiative for
Chronic Obstructive Lung Disease (GOLD) Workshop summary. Am J Respir Crit Care Med, 163
(2001), pp. 12561276 https://doi.org/10.1164/ajrccm.163.5.2101039 PMID: 11316667

Cantén R, Cobos N, de Gracia J, Baquero F, Honorato J, Gartner S, et al. Antimicrobial therapy for pul-
monary pathogenic colonisation and infection by Pseudomonas aeruginosa in cystic fibrosis patients.
Clin Microbiol Infect. 2005 Sep; 11(9):690-703. https://doi.org/10.1111/j.1469-0691.2005.01217.x
PMID: 16104983

Ley Organica de Proteccion de Datos de Caracter Personal. Ley Organica 15/1999, de 13 de diciem-
bre, de Proteccion de Datos de Caracter Personal. https://www.boe.es/diario_boe/txt.php?id=BOE-A-
1999-23750.

Pasteur MC, Bilton D, Hill AT; British Thoracic Society Non-CF Bronchiectasis Guideline Group. British
Thoracic Society guideline for non-CF bronchiectasis. Thorax. 2010 Jul; 65(7):577. https://doi.org/10.
1136/thx.2010.142778 PMID: 20627912

Pasteur MC, Helliwell SM, Houghton SJ, Webb SC, Foweraker JE, Coulden RA, et al. An investigation
into causative factors in patients with bronchiectasis. Am J Respir Crit Care Med. 2000; 162: 1277-84.
https://doi.org/10.1164/ajrccm.162.4.9906120 PMID: 11029331

King PT, Holdsworth SR, Freezer NJ, Villanueva E, Holmes PW. Characterisation of the onset and pre-
senting clinical features of adult bronchiectasis. Respir Med. 2006 Dec; 100(12):2183-9. https://doi.org/
10.1016/j.rmed.2006.03.012 PMID: 16650970

Shoemark A, Ozerovitch L, Wilson R. Aetiology in adult patients with bronchiectasis. Respir Med. 2007;
101: 1163-70. https://doi.org/10.1016/j.rmed.2006.11.008 PMID: 17223027

Martinez-Garcia MA, De Gracia J, Relat MV, Giron RM, Carro LM, De La Rosa D, et al. Multidimen-
sional approach to noncystic fibrosis bronchiectasis: The faced score. Eur. Respir. J. 2014; 43: 1357—
67. https://doi.org/10.1183/09031936.00026313 PMID: 24232697

Aliberti S, Lonni S, Dore S, McDonnell MJ, Goeminne PC, Dimakou K, et al. Clinical phenotypes in adult
patients with bronchiectasis. Eur Respir J. 2016 Apr; 47(4):1113-22. https://doi.org/10.1183/139930083.
01899-2015 PMID: 26846833

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 severity. Ann Am Thorac Soc.
2015; 12: 1764—70. https://doi.org/10.1513/AnnalsATS.201507-4720C PMID: 26431397

Quint JK, Millett ER, Joshi M, Navaratnam V, Thomas SL, Hurst JR, et al. Changes in the incidence,
prevalence and mortality of bronchiectasis in the UK from 2004 to 2013: a population-based cohort
study. Eur Respir J. 2016 Jan; 47(1):186-93. https://doi.org/10.1183/13993003.01033-2015 PMID:
26541539

Anwar GA, McDonnell MJ, Worthy SA, Bourke SC, Afolabi G, Lordan J, et al. Phenotyping adults with
non-cystic fibrosis bronchiectasis: a prospective observational cohort study. Respir. Med. 2013;
107:1001-7. https://doi.org/10.1016/j.rmed.2013.04.013 PMID: 23672995

PLOS ONE | https://doi.org/10.1371/journal.pone.0177931 May 18,2017 15/17


https://doi.org/10.1164/rccm.200305-648OC
http://www.ncbi.nlm.nih.gov/pubmed/15130905
https://doi.org/10.1378/chest.10-1758
http://www.ncbi.nlm.nih.gov/pubmed/21546440
https://doi.org/10.1164/rccm.201208-1518OC
https://doi.org/10.1164/rccm.201208-1518OC
http://www.ncbi.nlm.nih.gov/pubmed/23392438
https://doi.org/10.1016/j.rmed.2013.12.015
https://doi.org/10.1016/j.rmed.2013.12.015
http://www.ncbi.nlm.nih.gov/pubmed/24445062
http://www.ncbi.nlm.nih.gov/pubmed/19007570
http://www.ncbi.nlm.nih.gov/pubmed/3730638
https://doi.org/10.1164/ajrccm.163.5.2101039
http://www.ncbi.nlm.nih.gov/pubmed/11316667
https://doi.org/10.1111/j.1469-0691.2005.01217.x
http://www.ncbi.nlm.nih.gov/pubmed/16104983
https://www.boe.es/diario_boe/txt.php?id=BOE-A-1999-23750
https://www.boe.es/diario_boe/txt.php?id=BOE-A-1999-23750
https://doi.org/10.1136/thx.2010.142778
https://doi.org/10.1136/thx.2010.142778
http://www.ncbi.nlm.nih.gov/pubmed/20627912
https://doi.org/10.1164/ajrccm.162.4.9906120
http://www.ncbi.nlm.nih.gov/pubmed/11029331
https://doi.org/10.1016/j.rmed.2006.03.012
https://doi.org/10.1016/j.rmed.2006.03.012
http://www.ncbi.nlm.nih.gov/pubmed/16650970
https://doi.org/10.1016/j.rmed.2006.11.008
http://www.ncbi.nlm.nih.gov/pubmed/17223027
https://doi.org/10.1183/09031936.00026313
http://www.ncbi.nlm.nih.gov/pubmed/24232697
https://doi.org/10.1183/13993003.01899-2015
https://doi.org/10.1183/13993003.01899-2015
http://www.ncbi.nlm.nih.gov/pubmed/26846833
https://doi.org/10.1513/AnnalsATS.201507-472OC
http://www.ncbi.nlm.nih.gov/pubmed/26431397
https://doi.org/10.1183/13993003.01033-2015
http://www.ncbi.nlm.nih.gov/pubmed/26541539
https://doi.org/10.1016/j.rmed.2013.04.013
http://www.ncbi.nlm.nih.gov/pubmed/23672995
https://doi.org/10.1371/journal.pone.0177931

o ®
@ : PLOS | ONE Impact of COPD on patients with non-cystic bronchiectasis included in the Spanish Bronchiectasis Historical Registry

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42,

43.

Buscot M, Pottier H, Marquette CH, Leroy S. Phenotyping Adults with Non-Cystic Fibrosis Bronchiecta-
sis: A 10-Year Cohort Study in a French Regional University Hospital Center. Respiration. 2016; 92
(1):1-8. https://doi.org/10.1159/000446923 PMID: 27336790

Keddissi JI, Elya MK, Farooq SU, Youness HA, Jones KR, Awab A, et al. Bronchial responsiveness in
patients with restrictive spirometry. Biomed Res Int. 2013; 2013:498205. https://doi.org/10.1155/2013/
498205 PMID: 24024196

Chevalier-Bidaud B, Gillet-Juvin K, Callens E, Chenu R, Graba S, Essalhi M, et al. Non specific pattern
of lung function in a respiratory physiology unit: causes and prevalence: results of an observational
cross-sectional and longitudinal study. BMC Pulm Med. 2014 Sep 19; 14:148. https://doi.org/10.1186/
1471-2466-14-148 PMID: 25233902

Habesoglu MA, Ugurlu AO, Eyuboglu FO. Clinical, radiologic, and functional evaluation of 304 patients
with bronchiectasis. Ann Thorac Med. 2011 Jul; 6(3):131-6. https://doi.org/10.4103/1817-1737.82443
PMID: 21760844

Roberts HR, Wells AU, Milne DG, Rubens MB, Kolbe J, Cole PJ, et al. Airflow obstruction in bronchiec-
tasis: correlation between computed tomography features and pulmonary function tests. Thorax. 2000
Mar; 55(3):198—204. https://doi.org/10.1136/thorax.55.3.198 PMID: 10679538

Davies G, Wells AU, Doffman S, Watanabe S, Wilson R. The effect of Pseudomonas aeruginosa on pul-
monary function in patients with bronchiectasis. Eur Respir J. 2006; 28:974-9. https://doi.org/10.1183/
09031936.06.00074605 PMID: 16899482

Martinez-Garcia MA, Soler-Cataluiia JJ, Perpifia-Tordera M, Roman-Sanchez P, Soriano JB. Factors
associated with lung function decline in adult patients with stable non-cystic fibrosis bronchiectasis.
Chest. 2007; 132:1-8.

Kew KM, Seniukovich A. Inhaled steroids and risk of pneumonia for chronic obstructive pulmonary dis-
ease. Cochrane Database Syst Rev. 2014; 3:CD010115.

Garcha DS, Thurston SJ, Patel AR, Mackay AJ, Goldring JJ, Donaldson GC, et al. Changes in preva-
lence and load of airway bacteria using quantitative PCR in stable and exacerbated COPD. Thorax.
2012; 67:1075-80. https://doi.org/10.1136/thoraxjnl-2012-201924 PMID: 22863758

Wilson CB, Jones PW, O’Leary CJ, Hansell DM, Cole PJ, Wilson R. Effect of sputum bacteriology on
the quality of life of patients with bronchiectasis. Eur Respir J. 1997; 10(8):1754. PMID: 9272915

Finch S, McDonnell MJ, Abo-Leyah H, Aliberti S, Chalmers JD. A Comprehensive Analysis of the
Impact of Pseudomonas aeruginosa Colonization on Prognosis in Adult Bronchiectasis. Ann Am Thorac
Soc. 2015 Nov; 12(11):1602—11. https://doi.org/10.1513/AnnalsATS.201506-3330C PMID: 26356317

Wilson R, Sethi S, Anzueto A, Miravitlles M. Antibiotics for treatment and prevention of exacerbations of
chronic obstructive pulmonary disease. J Infect. 2013 Dec; 67(6):497-515. https://doi.org/10.1016/j.jinf.
2013.08.010 PMID: 23973659

Donath E, Chaudhry A, Hernandez-Aya LF, Lit L. A meta-analysis on the prophylactic use of macrolide
antibiotics for the prevention of disease exacerbations in patients with Chronic Obstructive Pulmonary
Disease. Respir Med. 2013 Sep; 107(9):1385-92. https://doi.org/10.1016/j.rmed.2013.05.004 PMID:
23768735

Haworth CS, Bilton D, Elborn JS. Long-term macrolide maintenance therapy in non-CF bronchiectasis:
evidence and questions. Respir Med. 2014 Oct; 108(10):1397-408. https://doi.org/10.1016/j.rmed.
2014.09.005 PMID: 25301290

Sethi S, Jones PW, Theron MS, Miravitlles M, Rubinstein E, Wedzicha JA, et al. Pulsed moxifloxacin for
the prevention of exacerbations of chronic obstructive pulmonary disease: a randomized controlled trial.
Respir Res 2010; 11:10. https://doi.org/10.1186/1465-9921-11-10 PMID: 20109213

Brill SE, Law M, EI-Emir E, Allinson JP, James P, Maddox V, et al. Effects of different antibiotic classes
on airway bacteria in stable COPD using culture and molecular techniques: a randomised controlled
trial. Thorax. 2015 Oct; 70(10):930-8. https://doi.org/10.1136/thoraxjnl-2015-207194 PMID: 26179246

Dal Negro R, Micheletto C, Tognella S, Visconti M, Turati C. Tobramycin nebulizer solution in severe
COPD patients colonized with Pseudomonas aeruginosa: effects on bronchial inflammation. Adv Ther
2008; 25:1019e30.

Sethi S, Rennard SlI, Miravitlles M, Martinez FJ, Donohue JF, Anzueto A, et al. A Phase 2 study to eval-
uate the safety, tolerability and efficacy of levofloxacin inhalation solution (MP- 376) administered for 5
days every 28 days to prevent acute exacerbations in high risk COPD patients. Am J Respir Crit Care
Med 2012; 185:A3037.

Keistinen T, Saynéajékangas O, Tuuponen T, Kivela SL. Bronchiectasis: an orphan disease with a
poorly-understood prognosis. Eur Respir J. 1997; 10: 2784—7 PMID: 9493661

PLOS ONE | https://doi.org/10.1371/journal.pone.0177931 May 18,2017 16/17


https://doi.org/10.1159/000446923
http://www.ncbi.nlm.nih.gov/pubmed/27336790
https://doi.org/10.1155/2013/498205
https://doi.org/10.1155/2013/498205
http://www.ncbi.nlm.nih.gov/pubmed/24024196
https://doi.org/10.1186/1471-2466-14-148
https://doi.org/10.1186/1471-2466-14-148
http://www.ncbi.nlm.nih.gov/pubmed/25233902
https://doi.org/10.4103/1817-1737.82443
http://www.ncbi.nlm.nih.gov/pubmed/21760844
https://doi.org/10.1136/thorax.55.3.198
http://www.ncbi.nlm.nih.gov/pubmed/10679538
https://doi.org/10.1183/09031936.06.00074605
https://doi.org/10.1183/09031936.06.00074605
http://www.ncbi.nlm.nih.gov/pubmed/16899482
https://doi.org/10.1136/thoraxjnl-2012-201924
http://www.ncbi.nlm.nih.gov/pubmed/22863758
http://www.ncbi.nlm.nih.gov/pubmed/9272915
https://doi.org/10.1513/AnnalsATS.201506-333OC
http://www.ncbi.nlm.nih.gov/pubmed/26356317
https://doi.org/10.1016/j.jinf.2013.08.010
https://doi.org/10.1016/j.jinf.2013.08.010
http://www.ncbi.nlm.nih.gov/pubmed/23973659
https://doi.org/10.1016/j.rmed.2013.05.004
http://www.ncbi.nlm.nih.gov/pubmed/23768735
https://doi.org/10.1016/j.rmed.2014.09.005
https://doi.org/10.1016/j.rmed.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25301290
https://doi.org/10.1186/1465-9921-11-10
http://www.ncbi.nlm.nih.gov/pubmed/20109213
https://doi.org/10.1136/thoraxjnl-2015-207194
http://www.ncbi.nlm.nih.gov/pubmed/26179246
http://www.ncbi.nlm.nih.gov/pubmed/9493661
https://doi.org/10.1371/journal.pone.0177931

o ®
@ : PLOS | ONE Impact of COPD on patients with non-cystic bronchiectasis included in the Spanish Bronchiectasis Historical Registry

44, Chalmers JD, Goeminne P, Aliberti S, McDonnell MJ, Lonni S, Davidson J, et al. The bronchiectasis
severity index. An international derivation and validation study. Am J Respir Crit Care Med. 2014 Mar 1;
189(5):576-85. https://doi.org/10.1164/rccm.201309-15750C PMID: 24328736

PLOS ONE | https://doi.org/10.1371/journal.pone.0177931 May 18,2017 17/17


https://doi.org/10.1164/rccm.201309-1575OC
http://www.ncbi.nlm.nih.gov/pubmed/24328736
https://doi.org/10.1371/journal.pone.0177931

