
Observational Study

Should atelectasis be
considered a pulmonary
complication and indicator
of poor prognosis in
cystic fibrosis?

Mar�ıa Mart�ınez Redondo,
Carlos Carpio Segura,
Ester Zamarr�on De Lucas,
Rodolfo �Alvarez-Sala Walther and
Concepci�on Prados Sánchez

Abstract

Objective: This study examined whether bronchoscopy leads to clinicoradiological improve-

ment in cystic fibrosis (CF) and the predictive factors. The study also investigated whether

pulmonary atelectasis is a poor prognostic factor in CF.

Methods: This multicenter, case–control, observational, retrospective study included two

groups of patients with CF: a case group (patients with persistent atelectasis who were

followed-up at least for 2 years) and a control group (patients without atelectasis matched 1:1

by sex and age [�3 years]). We recorded demographic data, lung function test results, pulmonary

complications, comorbidities, treatments (including bronchoscopies, surgery and transplanta-

tion), and deaths.

Results: Each group included 55 patients (case group: 20 men, mean age 25.4� 10.4 years;

control group: 20 men, mean age 26.1� 11.4 years). Bronchoscopy did not lead to clinicoradio-

logical improvement. Allergic bronchopulmonary aspergillosis (ABPA) was more frequent in the

case group. Patients in the case group more frequently used inhaled steroids, their pre-atelectasis

lung function was statistically worse, and they had more exacerbations during follow-up.

Conclusion: Moderate-to-severe pulmonary disease and ABPA can favor atelectasis. Pulmonary

atelectasis can be a poor prognostic factor in CF because it increases exacerbations. Despite our

results, we recommend enhancing treatment, including bronchoscopy, to prevent persistent

atelectasis.
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Introduction

Cystic fibrosis (CF) is a rare hereditary dis-
ease with a chronic and progressive course.
Respiratory impairment has an incidence of
95% in adulthood, although the severity of
its presentation varies, and it constitutes the
primary cause of morbidity and mortality
in patients with CF.1

The prognosis for CF has evolved favor-
ably in recent years because of neonatal
screening, the emergence of new therapeutic
tools, early treatment of respiratory infec-
tions, the maintenance of adequate nutri-
tion, and multidisciplinary care, achieving
a median survival exceeding 40 years.2

Among the respiratory complications of
CF, atelectasis (lung collapse) is associated
with the fewest medical publications, with
no consensus on its etiology, prognosis, or
treatment. Although a few studies examined
the impact of pulmonary atelectasis on the
prognosis of CF, the number of included
patients was small.3–6 Given that CF
occurs with other pulmonary complications
associated with poor quality of life, morbid-
ity, and prognosis deterioration,7–10 it is
important to determine whether pulmonary
atelectasis is a poor prognostic factor in
CF. The published studies on pulmonary
atelectasis in CF identified no clear factors
that could predict the onset of atelectasis
and its effect on CF.

Various risk factors for developing atel-
ectasis have been postulated, such as
allergic bronchopulmonary aspergillosis
(ABPA), hyperglycemia, and hemoptysis,
given that these factors promote an increase
in the viscosity of bronchial secretions.4

A history of poor lung function, chronic

bronchial infection, and a lack of adherence

to the mucociliary clearance technique have

also been linked to the onset of atelectasis

in CF.5 A study by our group concluded that

atelectasis could negatively affect survival in

CF, being associated with worsening lung

function, increased lung transplantation

rates, and ultimately death.6

The absence of radiological improvement

can lead to decreased lung function and

more exacerbations, consequently entailing

a poor prognosis for patients with CF.11

Little is known about the mechanisms by

which pulmonary atelectasis affects CF.

Our study’s objectives were therefore to

analyze the usefulness of bronchoscopy as

a therapeutic method for achieving clinicor-

adiological improvement of pulmonary

atelectasis at the end of the study period,

determine the clinical (e.g., pulmonary

complications, comorbidities, respiratory

function) and genetic factors that could pre-

dict the onset of atelectasis in CF, and

determine whether pulmonary atelectasis is

a poor prognostic factor in CF (as mea-

sured by exacerbations, lung surgery, lung

transplantation, and death).

Patients and methods

This was a multicenter, case–control, obser-

vational, retrospective study of patients

diagnosed with CF according to the criteria

of the European Cystic Fibrosis Society,12

The patients were treated in 1 of 14 hospitals

in Spain from January 2015 to December

2019. The study included two patient

groups. First, the case group consisted of

children and adults with a history of
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persistent or long-term atelectasis that did
not improve with standard treatment13 who
underwent follow-up for at least 2 years after
the onset of this respiratory complication (all
patients with atelectasis from each unit were
included regardless of age). Persistent atelec-
tasis was defined as a complete or partial
collapse of the lungs that might affect gas
exchange.14 Meanwhile, the control group
included patients with CF but no prior his-
tory of atelectasis who were recruited from
the same hospital as the included patients.
The patients (with or without atelectasis)
were matched 1:1 by sex and age (�3
years). The reporting of this study conforms
to STROBE guidelines.15

The study excluded patients with CF
who underwent transplantation before the
onset of atelectasis. Demographic data were
recorded, including genetics, CF complica-
tions (ABPA, hemoptysis, and pneumotho-
rax), comorbidities (CF-related diabetes
and exocrine pancreatic insufficiency), and
the results of lung function tests at the onset
of atelectasis. The number of CF exacerba-
tions by the end of the study period and
prognoses that involved lung surgery, lung
transplantation, or death were also
recorded. Lastly, we recorded the presence
of chronic bronchial infection2 and therapies
for treating atelectasis, including bronchos-
copy (1–6 months after the episode), and
analyzed whether bronchoscopy was associ-
ated with clinicoradiological improvement.
Clinical improvement was defined as amelio-
ration or recovery from dyspnea, cough,
rhonchi, and/or expectoration. Radiological
improvement was considered if the images
were reduced or disappeared, according to
the radiologist’s opinion.13,16 All patients
were treated in an outpatient clinic.

Radiological techniques

The study employed chest X-rays or chest
computed tomography to diagnosis
atelectasis.13,16

Lung function tests

Spirometry was performed according to the
European Respiratory Society/American
Respiratory Society guidelines.17–19 The
predicted values (% pred.) and z-scores
were calculated for forced expiratory
volume in 1 s (FEV1), forced vital capacity
(FVC), and FEV1/FVC for each patient.

Regarding lung function indices, FVC
pre-atelectasis, FEV1 pre-atelectasis, and
FEV1/FVC pre-atelectasis (% pred. and
z-scores) were recorded in the case group.
Spirometry was performed before the first
episode of atelectasis (the period should be
shorter than 1 month). Meanwhile, FVC,
FEV1, and FEV1/FVC (% pred. and
z-scores) were recorded in the control
group with the timing coinciding with the
pre-atelectasis spirometry date in the case
group.

Both spirometry sessions were completed
during a stable period (with no complica-
tions for at least 28 days).

Ethics

The Research Ethics Committee of La Paz
University Hospital approved this study in
October 2015 (code PI-2130). The authors
of this study signed the Researcher
Commitment and Confidentiality Statement.
The requirement for informed consent was
waived because of the retrospective nature
of the study.

Statistical analysis

Quantitative variables were expressed as the
mean and standard deviation or median
[interquartile range]. For categorical varia-
bles, we recorded frequencies and propor-
tions. Categorical comparisons were
performed using the chi-square test. To com-
pare continuous data, we employed paired
and unpaired Student’s t-tests for parametric
analyses and the Mann–Whitney U test for
non-parametric analyses. To determine data
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normality, the Kolmogorov–Smirnov test

was employed. We set statistical significance

at P< 0.05. The data were analyzed using

SAS v. 9.3 (SAS Institute, Cary, NC, USA).

Results

Descriptive analysis

Both study groups included 55 patients.

The case group consisted of 20 men and

35 women with a mean age of 25.4� 10.4
years and a mean age at atelectasis onset of
20.6� 11.3 years. The control group con-
sisted of 20 men and 35 women with a
mean age of 26.1� 11.4 years. The predom-
inant genetic abnormalities in both groups
were homozygous and heterozygous
F508del (p.Phe508del) mutations (Table 1).
All patients with atelectasis reported symp-
toms (e.g., dyspnea, cough, change of bron-
chial secretions).

Table 1. Characteristics of patients with and without atelectasis.

Atelectasis (n¼ 55) Non-atelectasis (n¼ 55) P

Male 20 (36.4%) 20 (36.4%)

Age at inclusion, years 25.4� 10.4 26.1� 11.4 0.726

Body mass index, kg/m2* 19.8� 3.9 20.4� 3.7 0.582

Genotype (%) 0.196

F508 homozygous 12 (21.8) 20 (36.4)

F508del heterozygous 33 (60.5) 29 (52.7)

Other´ 10 (18.2) 6 (10.9)

Previous or concomitant cystic fibrosis comorbidities and respiratory complications

Exocrine pancreatic insufficiency 38 (69.1) 43 (73.8) 0.387

Cystic fibrosis-related diabetes 15 (27.3) 13 (23.6) 0.827

Hemoptysis 6 (10.9) 4 (7.3) 0.742

Pneumothorax 4 (7.3) 0 0.116

Allergic bronchopulmonary aspergillosis 13 (23.6) 1 (1.8) 0.001

Localization of atelectasis and imaging techniques

Chest X-rays for diagnosis and resolution 5 (9.1%)

CT at diagnosis, n (%) 43 (78.2%)

CT at resolution, n (%) 2 (3.6%)

CT at diagnosis and resolution 5 (9.1%)

Type of atelectasis

Lobar, n (%) 32 (58.2%)

Segmental, n (%) 13 (23.6%)

Subsegmental, n (%) 3 (5.5%)

Laminar, n (%) 1 (1.8%)

Bilobar, n (%) 6 (10.9%)

Trilobar, n (%) 3 (5.5%)

CT, computed tomography.

Data are presented as the mean� standard deviation or n (%).

Comparisons between groups were made using the unpaired Student’s t-test, Mann–Whitney U test, or chi-square test.

*Body mass index was calculated as weight in kilograms divided by height in meters squared.

´Including G540X/2869INSG, Q890X/Q890X, 711þ 1G>TI507del, 2789þ 5G>A/H1085R, 712-1G>T/R347H,

p.leu365Pro/p.Arg1066Cys, 110delC/J148T.

G542X/711þ 1G>T, G542X/V232D, R1162X/3272-26A>G, R1162X/3272-26A>G, I507delR553X, Q890X/Q980X,

N1303K/712þ 1G>T, G673X/1341G, G542X/V323D and G542X/1078delT.
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Utility of bronchoscopy as a therapeutic
method

To treat atelectasis, bronchoscopy (with or
without mucolytic substances [saline and/or
recombinant human DNase injection]) was
performed in 22 (40.7%) patients. Eleven
patients noted clinical amelioration of atel-
ectasis, and eight (36.4%) experienced
radiological recovery according to the radi-
ologist’s opinion (Table 2).

Although not a study objective, we ana-
lyzed the recommended treatments in both
groups, verifying at the end of the study
that patients with atelectasis (case group)
received significantly more inhaled cortico-
steroids than control subjects (42% vs.
28%, P¼ 0.01; Table 3).

Clinical factors that could predict the
future onset of pulmonary atelectasis

Lung function tests. FVC, FEV1, and FEV1/
FVC pre-atelectasis (% pred. and z-score)
were significantly lower in the case group
than in the control group (all P< 0.05,
Table 4).

Pulmonary complications/comorbidities/genetics.

In terms of previous respiratory complica-
tions, ABPA was more frequent in the case
group than in the control group (23.6% vs.
1.8%, P¼ 0.001). There were no intergroup

differences in terms of comorbidities.

Similarly, there were no genetic differences

between the groups (Table 1).

Pulmonary atelectasis as a poor

prognostic factor in CF

Exacerbations and chronic bronchial infection.

The average number of exacerbations was

3 [1–5] in the case group in the year before

Table 2. Impact of atelectasis treatment on symptoms and radiological findings.

Impact on symptoms

P

Impact on radiological findings

PYes No Yes No

Bronchoscopy with/without

any substance injected

11 (50%) 11 (50%) 0.821 8 (36.4%) 14 (63.6%) 0.909

Bronchoscopy and rhDNase

injection

4 (44.4%) 5 (55.6%) 0.99 4 (44.4%) 5 (55.6%) 0.99

Bronchoscopy and saline

injection

6 (46.2%) 7 (53.8%) 0.869 5 (38.5%) 8 (61.5%) 0.848

rhDNase, recombinant human DNase.

Data are presented as n (%).

Comparisons between the groups were made using the chi-square test.

Table 3. Treatment of atelectasis in patients with
and without atelectasis

Atelectasis

(n¼ 55)

Non-

atelectasis

(n¼ 55) P

Physiotherapy (%) 53 (96.4%) 49 (89.1%) 0.270

Inhaled therapy

SABA (%) 32 (60.4%) 35 (63.6%) 0.843

LABA (%) 32 (60.4%) 25 (45.5%) 0.129

LAMA (%) 10 (18.9%) 9 (16.4%) 0.804

IC (%) 42 (76.4%) 28 (50.9%) 0.010

rhDNase, (%) 30 (54.5%) 21 (38.2%) 0.126

Hypertonic saline (%) 40 (72.7%) 31 (56.4%) 0.110

Inhaled antibiotics (%) 38 (69.1%) 35 (63.6%) 0.687

Colistin, (%) 26 (47.3%) 21 (38.2%) 0.441

Tobramycin, (%) 9 (16.4%) 11 (0.2%) 0.805

Aztreonam, (%) 11 (0.2%) 6 (10.9%) 0.291

SABA, short-acting b2-agonist; LABA, long-acting
b2-agonist; LAMA, long-acting muscarinic antagonist; IC,

inhaled corticosteroids; rhDNase, recombinant human

DNase.

Data are presented as n (%).

Comparisons between the groups were made using the

chi-square test.
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the end of the study, versus 2 [1–3] in the
control group (P¼ 0.008). Likewise, 47
(87.7%) patients were diagnosed with
chronic bronchial infection at the end of
the study. The chronic bronchial infections
are detailed in Table 5.

Lung surgery, lung transplantation, and deaths.

Concerning the prognosis, 21 (38.2%)
patients in the case group underwent pul-
monary surgery, required lung transplanta-
tion, or died. Pulmonary surgery was
performed in three patients in the case
group (one pneumonectomy and two lobec-
tomies). In this group, four patients were on

the lung transplant waiting list, and nine
underwent transplantation. In the control
group, only three patients underwent trans-
plantation, and none was on the waiting list.
Regarding deaths, five (9.1%) patients in the
case group died, whereas no deaths were
reported in the control group (P¼ 0.055).
Deaths were secondary to complications
after lung transplantation (two patients),
severe exacerbation (one patient), renal fail-
ure (one patient), and pneumothorax (one
patient; Figure 1). Although there were no
statistically significant differences, the num-
bers of surgeries, transplantations, and
deaths were higher in the case group.

Table 4. Lung function test results in patients with and without atelectasis.

Atelectasis (n¼ 55) Non-atelectasis (n¼ 55) P

FVC pre-atelectasis (% pred.) 73.7� 22.9 93.5� 27.9 <0.001

FVC pre-atelectasis (z-score) �2.6� 1.8 �0.9� 1.7 <0.001

FEV1 pre-atelectasis (% pred.) 58.7� 26.5 84� 29.6 <0.001

FEV1 pre-atelectasis (z-score) �3.5� 1.9 �1.7� 1.9 <0.001

FEV1/FVC pre-atelectasis (% pred.) 68.2� 15.8 78.4� 13.6 0.001

FEV1/FVC pre-atelectasis (z-score) �2.3� 1.6 �1.3� 1.5 <0.001

FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity.

Data are presented as the mean� standard deviation.

Comparisons between groups were made using the unpaired Student’s t-test or Mann–Whitney U test.

Pre-atelectasis pulmonary function tests were performed before the first episode of atelectasis (the period should be

shorter than 1 month).

Table 5. Chronic bronchial infection and cystic fibrosis exacerbations in patients with and without
atelectasis.

Atelectasis (n¼ 55) Non-atelectasis (n¼ 55) P

Chronic bronchial infection 47 (85.5%) 47 (85.5%) 0.99

Pseudomonas aeruginosa 30 (54.5%) 32 (58.2) 0.252

MSSA 23 (41.8%) 29 (52.7%) 0.180

MRSA 4 (7.3%) 8 (14.5%) 0.776

Nontuberculous mycobacteria 3 (5.5%) 3 (5.5%) 0.99

Other§ 19 (34.5%) 20 (36.4%) 0.841

Number of exacerbations 3 [1–5] 2 [1–3] 0.008

MSSA, methicillin-sensitive Staphylococcus aureus; MRSA, methicillin-resistant Staphylococcus aureus.

Data are presented as the median [interquartile range] or n (%).

Comparisons between groups were made using the Mann–Whitney U test or chi-square test.
§Including Aspergillus spp. (nine patients), Candida spp. (five patients), Achromobacter xylosoxidans (three patients), and

Stenotrophomonas maltophilia (two patients) in the atelectasis group and Aspergillus spp. (nine patients) and Haemophilus

influenza (five patients) in the non-atelectasis group.
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Discussion

The reported prevalence of atelectasis is

3.91% to 11%.3,20–22 There was no predom-

inance in terms of sex for this complication

in our study, but the results in the literature

vary widely.4,20–22 The mean age exceeded

18 years in both groups. This predominance

could be explained by the fact that the air-

ways are more distorted because of chronic

inflammation in adulthood, which could

cause new-onset atelectasis or exacerbate

Figure 1. Rates of patients undergoing lung surgery and lung transplantation and the rate of death.
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existing atelectasis.23,24 A number of
authors concluded that pulmonary atelecta-
sis in CF is usually irreversible, causing a
worsening of clinical, radiological, and
functional findings.3,23,24

An important aspect in our study was
the impact of treatment, including thera-
peutic bronchoscopy, on atelectasis.
Bronchoscopy, with the concomitant use
of mucolytic substances, is an essential
tool for treating persistent atelectasis
despite the optimization of medical treat-
ment, with a reported success rate of
approximately 80%, achieving partial or
total re-expansion of the lungs.13,16,25 In
our series, 50% of the patients experienced
clinical improvement, and 36.4% experi-
enced radiological improvement. Both
rates were lower than those published in
the literature (approximately 87%).26–29

There were no differences in our study in
the rates of clinical or radiological improve-
ment between patents who underwent bron-
choscopy with or without mucolytic
substances. The differences between our
results and previously published findings
could be because certain units did not rec-
ommend bronchoscopy as a therapeutic
technique. Another explanation could be
that this technique was recommended
later. Nevertheless, our opinion, as well as
that of other authors,13,16,29,30 is that bron-
choscopy should be recommended earlier in
an attempt to resolve lung collapse to pre-
vent long-term atelectasis.

Various studies emphasized therapies
that promote the elimination of secre-
tions.4,13,20,28,31 In our case, there were no
differences in the recommended treatments
needed to achieve clinical or radiological
improvement by the end of study. It is
therefore unclear whether patients who do
not use the clearance technique could have
significantly worsened and not recovered
from this complication.29 Nevertheless,
there were clear differences in the use of
inhaled glucocorticoids in our study.

However, their use in bronchiectasis is con-
troversial. According to the latest Spanish
registry, only 39.9% of patients receive
inhaled glucocorticoids.32 The comparison
of the two groups in the last year of
follow-up revealed considerable (76.4%)
use of these drugs in the case group,
which could be explained by a desire to
reduce bronchial inflammation.

Among the factors that could predict the
formation of atelectasis, we analyzed spi-
rometry data, various pulmonary complica-
tions, comorbidities, and genetics. Forced
spirometry remains the most useful test
available for assessing disease progression.
An annual loss of % pred. FEV1 exceeding
10% is the best single predictor of survival
(FEV1< 30%, 2-year mortality rate of
50%), and it helps select candidates for
lung transplantation.28 Our global study
observed that the case group started with
poorer FEV1, FVC, and FEV1/FVC (%
pred. and z-score). Therefore, patients
with CF could develop atelectasis if they
have at least moderate pulmonary obstruc-
tion. It has been reported that moderate-to-
severe respiratory functional impairment is
associated with greater structural deteriora-
tion of the lung parenchyma, which can
subsequently lead to atelectasis.

Among the non-infectious pulmonary
complications, we observed an increase in
the percentage of patients with hemoptysis
compared with the registry data (2.7%),32

which could be attributable to atelectasis
causing sustained bronchial inflammation,
which favors hemoptysis. However, the
rate of this complication did not significant-
ly differ between our study groups.
Furthermore, 7.3% of patients in the case
group had pneumothorax, which exceeded
the rate of the national registry,32 whereas
there were no cases of pneumothorax in the
control group. Atelectasis secondary to
pneumothorax has been reported in
patients without CF, although no clear rela-
tionship between the two diseases has been

8 Journal of International Medical Research



established.14 The results of our study there-
fore do not indicate that pneumothorax
causes future atelectasis. The most frequent
complication in the case group was ABPA
(23.6%), which occurred at a significantly
rate higher than that reported in Spain
(2.61%) and significantly higher than that
of the control group.32 According to other
publications, ABPA can be associated with
the subsequent onset of atelectasis secondary
to increased sputum viscosity and destruc-
tion of the lung parenchyma.33–35 These
findings could be explained by the fact that
our study recruited all patients since the start
of Spanish CF units, as many currently
available treatments were not available at
the start of this period and the likelihood
of pulmonary complications was higher.

When considering certain genetic muta-
tions related to more severe disease, there
were no differences between the two study
groups.36,37 In our genetic study, the pre-
dominant mutation in the patients who pre-
sented with atelectasis was the heterozygous
F508del (p.Phe508del) mutation (54.5%),
followed by the homozygous F508del muta-
tion (21.8%), which were almost identical
to the findings in the latest European regis-
try.32 No relationship has been observed
between genotype and pulmonary compli-
cations, possibly because the genotype–phe-
notype correlation is weaker for lung
disease than for other comorbidities,
although there are no specific studies for
lung atelectasis, excluding our study.34

Likewise, we examined certain common
comorbidities in this disease, such as pan-
creatic insufficiency and CF-related diabe-
tes. Pancreatic insufficiency typically occurs
in the “classic, typical, or severe” pheno-
type.38 Although this condition was present
in 69.1% of our patients, there was no cor-
relation with atelectasis.4,21–23 A published
article indicated that the formation of pul-
monary atelectasis was related to acute pan-
creatitis, although not in patients with
CF.39 CF-related diabetes was detected in

our series at a rate similar to that published
by the European registry (approximately
23.3%).32 Although hyperglycemia has
been postulated as a possible risk factor
for atelectasis because of increased viscosity
of the bronchial mucus,28 we did not find
an association between hyperglycemia and
atelectasis in our patients.

When factors related to a poor prognosis
were studied, patients with atelectasis had
more exacerbations over time than control
patients. This difference could be attribut-
able to several factors, such as the sustained
accumulation of retained secretions in the
areas of atelectasis and the chronic
inflammatory environment, both of which
favor the persistence of complications.31

Exacerbations are associated with higher
healthcare costs, an accelerated decline in
lung function, an increased risk of mortality,
and a reduction in quality of life.40,41

Chronic bronchial infection was present in
more than 80% of patients with or without
atelectasis, in line with the rate of infections.
Pseudomonas aeruginosa was the most fre-
quently found microorganism in both
groups, and it is associated with a poor prog-
nosis.42 Nevertheless, there were no statisti-
cally significant differences between the
groups, likely because of the small number
of infected patients included in our study.

Lung resection is indicated for patients
who present with localized and persistent
bronchiectasis or atelectasis (with minimal
damage to other areas of the lung parenchy-
ma), persistent symptoms requiring hospi-
talization despite medical treatment
optimization, hemoptysis refractory to
embolization, and bronchopulmonary fistu-
la.43 Prior studies reported different results
regarding improvements after lung surgery
for atelectasis, ranging from improvements
in 100% of the operated patients to a lack
of functional or clinical improvement.43,44

More lung transplantations were performed
in the case group than in the control group,
albeit without significance. In one study on

Mart�ınez-Redondo et al. 9



atelectasis in CF, no patient underwent
transplantation, either because this variable
was not analyzed or because of the scarcity
of cases. Only one patient in the study by
Flight et al. underwent transplantation;
however, the patient died during surgery.4

Similarly, five patients in the case group in
this study died (all 18 years or older),
versus none in the control group, with the
difference approaching significance
(P¼ 0.055). However, other causes could be
involved. Considering that the death rate in
the CF national registry is 0.56% and the
lung transplant rate in the registry is 8%,32

atelectasis could be considered an indicator of
poor prognosis for patients diagnosed with
CF. Specific treatment should be increased,
including the recommendation of therapeutic
bronchoscopy, to prevent this complication
from becoming persistent.

The main limitation of this study was its
retrospective and observational nature with
the consequent possible variability of prac-
titioners and patients. In addition, the
sample size might have been insufficient to
identify significant differences in some of
the analyses. However, the study’s retro-
spective nature is also a strength because
it allowed us to enroll a larger number of
patients with multiple variables within a
short period. Furthermore, this was a mul-
ticenter study in which 14 national mono-
graphic CF units participated, and we
found no previous study comparing
patients with CF according to the presence
or absence of atelectasis. We did not study
the patients’ oxygenation status or symp-
toms when atelectasis was diagnosed, and
this could be examined in an upcoming
extension of this study. We could more
readily establish associations rather than
correlations between certain variables and
poor prognosis in patients with CF.
Although there were no significant differ-
ences according to the use of bronchoscopy,
future studies could help resolve this issue,
as other authors have proposed.13,16,29,30

We conclude that patients with CF
who have moderate-to-severe pulmonary

obstruction or who have been previously
diagnosed with ABPA could develop pul-

monary atelectasis. Once pulmonary atelec-
tasis has occurred, patients’ condition

worsens, they experience more exacerba-
tions, they are placed on transplantation

waiting lists, they undergo transplantation
or other operations, and they are at

increased risk of death. More studies are
needed to determine the role of bronchos-

copy as a therapeutic method for treating
atelectasis and the low adherence to thera-

pies such as physiotherapy. Considering
these findings, we can conclude that atelec-

tasis as a pulmonary complication repre-
sents a poor prognostic factor in CF.

Author contributions

Mar�ıa Mart�ınez Redondo and Concepci�on
Prados Sánchez created the study, wrote the

manuscript, and collected the data.
Ester Zamarr�on de Lucas, Rodolfo �Alvarez-Sala

Walther, and Concepci�on Prados Sánchez

reviewed the manuscript.
Carlos Carpio Segura performed the statistical

analysis.
The Working Group of the Spanish Society for

Cystic Fibrosis on Atelectasias included the follow-

ing members: Mar�ıa Isabel Barrio G�omez de

Agüero, Marta Ruiz de Valbuena, Cristina de

Manuel G�omez, Silvia Castillo Corull�on,
Antonio Salcedo Posadas, Carlos Mart�ın de

Vicente, Rosa Mar�ıa Gir�on Moreno, Mar�ıa
Teresa Mart�ınez Mart�ınez, Layla Diab Cáceres,
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