
ISSN 1806-3713© 2020 Sociedade Brasileira de Pneumologia e Tisiologia

ABSTRACT
Objective: To characterize a population of patients with bronchiectasis, correlating 
clinical, radiological, and functional aspects with the severity of dyspnea. Methods: This 
was a cross-sectional study involving adult patients with HRCT-confirmed bronchiectasis, 
categorized according to the severity of dyspnea (as being mildly or severely symptomatic, 
on the basis of the modified Medical Research Council scale). We correlated the severity 
of dyspnea with clinical parameters, functional parameters (spirometry values, lung 
volumes, and DLCO), and CT parameters. Results: We evaluated 114 patients, 47 (41%) 
of whom were men. The median age (interquartile range) was 42 years (30-55 years). 
The most common form was idiopathic bronchiectasis. Of the 114 patients, 20 (17.5%) 
were colonized with Pseudomonas aeruginosa and 59 (51.8%) were under continuous 
treatment with macrolides. When we applied the Exacerbation in the previous year, 
FEV1, Age, Colonization, Extension, and Dyspnea score, the severity of dyspnea was 
categorized as moderate in 54 patients (47.4%), whereas it was categorized as mild in 
50 (43.9%) when we applied the Bronchiectasis Severity Index. The most common lung 
function pattern was one of obstruction, seen in 95 patients (83.3%), and air trapping 
was seen in 77 patients (68.7%). The prevalence of an obstructive pattern on spirometry 
was higher among the patients with dyspnea that was more severe, and most functional 
parameters showed reasonable accuracy in discriminating between levels of dyspnea 
severity. Conclusions: Patients with bronchiectasis and dyspnea that was more severe 
had greater functional impairment. The measurement of lung volumes complemented 
the spirometry data. Because bronchiectasis is a complex, heterogeneous condition, a 
single variable does not seem to be sufficient to provide an overall characterization of the 
clinical condition.

Keywords: Bronchiectasis; Dyspnea; Respiratory function tests; Multidetector computed 
tomography; Plethysmography.
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INTRODUCTION

Bronchiectasis is characterized by abnormal, irreversible 
dilatation of the airways and can have various 
causes, including congenital disorders, mechanical 
bronchial obstruction, respiratory infections, and 
immunodeficiency. (1-3) It is a chronic, heterogeneous 
condition of varying severity. It is usually progressive, 
and the presentation ranges from asymptomatic disease 
with no functional consequences to advanced disease, 
such as chronic respiratory failure.(1,2,4)

The interest in and amount of research on bronchiectasis 
have been increasing in the last decade, leading to 
advances in the treatment of patients with this disease. (5) 
In 2008, the Spanish Society of Pulmonology published 
their first guidelines for the diagnosis and treatment 
of bronchiectasis.(6) Subsequently, various societies 
worldwide published their own guidelines; however, 

recommendations differed considerably across guidelines 
and different local practices for managing this disease 
were highlighted.(7-9) More recently, the Brazilian Thoracic 
Association issued a consensus statement on non-cystic 
fibrosis bronchiectasis in Brazil.(10) At least some of the 
differences across guidelines can be explained by the wide 
variability in the clinical characteristics of the populations 
studied in different countries. In a recent study conducted 
in Latin America,(11) the long-term clinical outcomes were 
similar to those reported in studies conducted in Europe 
and in the United States.(12-15) However, the authors noted 
considerable differences between their study population 
and those evaluated in the latter studies, in terms of 
age, the etiology of bronchiectasis, the type of bronchial 
colonization, and the severity of functional impairment.

Because of the great variability in the presentation of 
bronchiectasis, it is essential that patients with the disease 
undergo a careful clinical and prognostic assessment. (16) 
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Multidimensional scores have been developed to 
assess disease severity in patients with a diagnosis of 
non-cystic fibrosis bronchiectasis. Examples of such 
scores include the Exacerbation in the previous year, 
FEV1, Age, Colonization, Extension, and Dyspnea 
(E-FACED) score(17) and the Bronchiectasis Severity 
Index (BSI),(13) both of which use a combination of 
clinical, functional, radiological, and microbiological 
aspects, with predictive value for mortality, hospital 
admissions, exacerbations, and quality of life.

There is as yet no single index that can accurately 
predict disease progression in patients with 
bronchiectasis. Currently, various phenotypes are 
recognized as being related to bronchiectasis on the 
basis of the underlying pathophysiological mechanism 
of this disease.(18) In addition, there have been 
improvements in the radiological characterization of 
patients with bronchiectasis, especially of morphological 
changes in the (large and small) airways and in the 
lung parenchyma (consolidation and atelectasis). 
Such findings can predict clinical outcomes, such 
as exacerbation, and correlate with the severity 
of lung involvement, although they do not define 
the complex, varied clinical presentation of this 
disease.(19) Therefore, ancillary methods may play an 
important role in improving the understanding of the 
heterogeneity of the clinical presentation in patients with 
bronchiectasis. In patients with bronchiectasis, the use 
of advanced methods of assessing lung function, such as 
plethysmography, shows great promise. By identifying 
specific patterns of air trapping, hyperinflation, and 
restriction, one can correlate different pathophysiological 
mechanisms with important characteristics in the 
management of such patients, such as the fact that 
dyspnea is closely related to the quality of life of such 
individuals.(20)

Although some studies have evaluated the use of 
plethysmography in patients with bronchiectasis,(21) 
little is known about the role of plethysmography in 
discriminating between levels of disease severity in such 
individuals. In addition, those studies are commonly 
based on European cohorts classically experiencing 
bronchiectasis that is less severe than that found in Latin 
American populations.(10,12,22) In the present study, we 
describe an in-depth assessment of lung function in a 
sample of individuals diagnosed with bronchiectasis in 
Brazil. The objective of the present study was to correlate 
clinical, functional, and radiological parameters with 
the severity of dyspnea in these individuals in order 
to determine which ones are most strongly associated 
with it. Other objectives were to assess lung volumes 
in relation to spirometry-classified functional patterns 
and to assess the correlation between functional 
parameters and a CT score.

METHODS

This was a cross-sectional study for which data were 
collected between May of 2014 and October of 2017. 
We evaluated patients treated at the Bronchiectasis 

Outpatient Clinic of the University of São Paulo School 
of Medicine Hospital das Clínicas, located in the city 
of São Paulo, Brazil. The study was approved by the 
local research ethics committee (Ruling no. SDC 
4245/15/072), and all participating patients gave 
written informed consent.

Patients were sequentially recruited on the basis of 
the following inclusion criteria: being ≥ 18 years of age; 
having an HRCT-confirmed diagnosis of bronchiectasis; 
and having a clinical history of chronic cough with 
expectoration or recurrent infectious pulmonary 
exacerbations. Patients who had been diagnosed with 
cystic fibrosis, asthma, allergic bronchopulmonary 
aspergillosis, COPD, or active mycobacterial infection 
were excluded, as were those who had been treated 
for an infectious exacerbation with oral corticosteroids 
or antibiotics within the last 30 days, those who had 
previously undergone lung resection, those with a ≥ 
10 pack-year smoking history, those on long-term 
home oxygen therapy, those with severe, uncontrolled 
systemic comorbidities, and those who were cognitively 
unable to perform pulmonary function tests, as well 
as those who were pregnant.

Clinical data were collected by using an interviewer-
administered structured questionnaire designed to 
obtain information on demographics, severity of 
dyspnea measured by the modified Medical Research 
Council (mMRC) scale, frequency of exacerbations in 
the last 12 months, usual medications, and time since 
symptom onset. All patients were evaluated for the most 
common etiologies of bronchiectasis in accordance with 
our institutional protocol and international guidelines.
(23) Data on chronic airway infection were based on 
sputum examination results in the last 12 months.(24)

Bronchiectasis severity was assessed by the E-FACED 
score and the BSI,(11,16) both of which are multivariate 
prognostic scores. The E-FACED score includes six 
variables (hospitalization in the last year, FEV1, age, 
colonization with Pseudomonas aeruginosa, the 
radiological extent of bronchiectasis, and the severity 
of dyspnea, as measured by the mMRC scale), has a 
maximum score of 9 points, and categorizes disease 
severity as mild (0-3 points), moderate (4-6 points), or 
severe (7-9 points).(17) The BSI comprises eight factors: 
age; body mass index; FEV1; hospital admissions in 
the last 2 years; exacerbations in the last year; the 
severity of dyspnea, as measured by the mMRC scale; 
colonization; and the extent of radiological involvement. 
The BSI has a maximum score of 25 and also classifies 
disease severity as mild (0-4 points), moderate (5-8 
points), or severe (≥ 9 points).(13)

Participants underwent complete pulmonary function 
testing (spirometry, plethysmography, and measurement 
of DLCO). All tests were performed in accordance 
with the recommendations of the Brazilian Thoracic 
Association.(25) The reference values for spirometry and 
plethysmography were those established by Pereira et 
al.(26) and Neder et al.,(27) respectively. The radiological 
evaluation consisted of unenhanced HRCT of the chest. 
Images were acquired in a multislice CT scanner with 
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160 detector rows (Aquilion Prime; Toshiba Medical 
Systems Corporation, Otawara, Japan). All scans 
were assessed by a radiologist specializing in thoracic 
radiology. The extent and severity of bronchiectasis 
were classified by the modified Reiff score,(28) the use 
of which has been previously established in patients 
with bronchiectasis. The modified Reiff score assesses 
the number of lobes involved and the degree of the 
dilatation, with a maximum score of 18 points.(29) 
Data collection and all procedures were performed 
on a single day. Study participants, all of whom had 
previously been diagnosed with bronchiectasis and 
had been receiving outpatient follow-up care for 
varying periods, underwent the aforementioned tests 
in a systematic way and specifically for the purpose 
of the study.

Patients were divided into two groups on the basis of 
symptom intensity: those who were mildly symptomatic 
(mMRC scale score of 0 or 1); and those who were 
severely symptomatic (mMRC scale score ≥ 2). On 
spirometry, lung function patterns were classified 
as obstructive (FEV1/FVC < 0.7 and FEV1 < 80% of 
predicted) or nonspecific (FEV1/FVC ≥ 0.7 plus FEV1 
and FVC < 80% of predicted). On the basis of the 
Lung volumes, patients were classified as having air 
trapping (RV/TLC > 40), hyperinflation (TLC > 120% 
of predicted), or a restrictive lung function pattern 
(TLC < 80% of predicted).

Our statistical analysis compared clinical, functional, 
and radiological characteristics between mildly and 
severely symptomatic patients. The Student’s t-test 
was used for variables with normal distribution, 
the chi-square test was used for the comparison of 
proportions, and the Mann-Whitney test was used for 
variables with non-normal distribution. Spearman’s 
correlation coefficient was calculated to determine the 
relationship between functional variables and the CT 
(modified Reiff) score.(28) A ROC curve analysis was 
performed to determine the accuracy of functional 
and CT variables to predict the severity of symptoms 
in patients with bronchiectasis (mildly vs. severely 
symptomatic patients). Differences were considered 
statistically significant at p < 0.05. The IBM SPSS 
Statistics software package, version 22.0 (IBM 
Corporation, Armonk, NY, USA) was used for the 
statistical analysis.

RESULTS

We evaluated 208 patients, 94 of whom were 
excluded, for the following reasons: being on long-term 
home oxygen therapy (n = 38); having undergone 
lung resection (n = 18); having a > 10 pack-year 
smoking history (n = 16); having uncontrolled systemic 
comorbidities (n = 9); having been diagnosed with 
asthma (n = 6); being unable to perform pulmonary 
function tests (n = 6); and having active mycobacterial 
infection (n = 1). Therefore, the final sample comprised 
114 patients.

Table 1 presents data on the demographic and clinical 
characteristics of the study sample. Most of the patients 

were female and young (mean age, 42.5 years). The 
bronchiectasis was idiopathic in most cases, although 
there were also cases in which it was attributed to 
ciliary dyskinesia or (to a lesser degree) a previous 
infection. In general, mildly and severely symptomatic 
patients were comparable in terms of age, gender, time 
since diagnosis, etiology, and extent of radiological 
involvement. However, severely symptomatic patients 
used respiratory medications more frequently, had a 
higher number of exacerbations, and had worse lung 
function, as determined by spirometry, by measurement 
of lung volumes, and by determination of the DLCO.

More than 80% of the patients had an obstructive 
pattern on spirometry. The most common finding 
resulting from the measurement of lung volumes by 
plethysmography was air trapping, seen in 77 patients 
(67.5%). Of those 77 patients, 24 (31.1%) also 
had hyperinflation. In addition, among the patients 
with a confirmed diagnosis of bronchiectasis, the 
spirometry and plethysmography results were normal in 
approximately 5% and 7%, respectively. The prevalence 
of an obstructive pattern on spirometry was higher 
in the severely symptomatic group than in the mildly 
symptomatic group (Table 2).

Figure 1 presents the results of the ROC curve 
analysis of the accuracy of various functional and 
CT parameters in discriminating between mildly and 
severely symptomatic patients with bronchiectasis. 
Spirometric and plethysmographic parameters 
showed reasonable accuracy in the symptomatic 
classification of these patients. The most accurate 
spirometric parameters (Figure 1A) were FEV1—area 
under the curve (AUC) = 0.684—and FEF25-75% (AUC = 
0.677), whereas the most accurate plethysmographic 
parameters (Figure 1B) were RV/TLC (AUC = 0.682) 
and RV (AUC = 0.625). Similarly to the spirometric 
and plethysmographic parameters, DLCO was able to 
identify patients who were more severely symptomatic 
(AUC = 0.684), unlike the CT score,(28) which showed 
no discriminatory power (AUC = 0.421; Figure 1C).

Patients with bronchiectasis were divided into three 
groups on the basis of the lung function patterns 
seen on spirometry, and, subsequently, the patients 
in each group were classified on the basis of the 
patterns obtained by measurement of lung volumes by 
plethysmography. There was a considerable degree of 
disagreement between spirometry and plethysmography 
findings, as shown in Table 3. Of the patients who 
had normal spirometry, 67% had plethysmographic 
abnormalities. A nonspecific lung function pattern on 
spirometry was seen in 12 patients (11.4%); however, 
in only one of those patients was a reduction in TLC 
confirmed by plethysmography. In addition, patients 
with an obstructive pattern predominantly had air 
trapping or hyperinflation on plethysmography.

Table 4 presents the data on correlations between 
the modified Reiff score and the functional variables 
assessed in the patients with bronchiectasis. Various 
spirometric and plethysmographic parameters showed 
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a correlation with the modified Reiff score,(28) RV/TLC 
being the most strongly correlated.

DISCUSSION

In the present study, we present an extensive 
characterization of clinical, functional, and radiological 
parameters in 114 patients with bronchiectasis and 

report the impact of those parameters on the severity of 
dyspnea. Patients who were more severely symptomatic 
had experienced a higher number of exacerbations in 
the previous year, used respiratory medications more 
frequently, and had worse lung function. An obstructive 
lung function pattern was the most common finding in 
this population, being more prevalent among severely 
symptomatic patients. Various functional parameters 

Table 1. Demographic data and clinical characteristics of the patients with bronchiectasis.a

Variable Total Mildly symptomatic Severely symptomatic
p

(N = 114) (n = 63) (n = 51)
Male gender 47 (41) 29 (46) 18 (35) 0.247*
Age, years 42 (30-55) 41 (27-53) 47 (34-57) 0.167†

BMI, kg/m2 24.4 ± 4.8 23.4 ± 4.3 25.7 ± 5.1 0.009§

Time since diagnosis, years 11 (4-16.3) 8 (4-16) 7 (3-17) 0.526†

Exacerbation 1 (0-2) 0 (0-1) 1 (0-2) 0.005†

Colonization

0.346*
Pseudomonas aeruginosa 20 (17.5) 9 (14.2) 11 (21.5)
Other 8 (7.0) 6 (9.6) 2 (3.9)
None 86 (75.5) 48 (76.2) 38 (74.6)

Medications being used

0.037*

Macrolides 59 (51.8) 29 (46.0) 30 (58.8)
Inhaled corticosteroid 24 (21.1) 14 (22.2) 10 (19.6)
Long-acting β2 agonist 7 (6.1) 2 (3.1) 5 (9.8)
Inhaled antibiotic 4 (3.5) 1 (1.5) 3 (5.8)
Hypertonic saline 4 (3.5) 3 (4.7) 1 (1.9)

Etiology                       

0.785*

Idiopathic 39 (34.2) 18 (28.5) 21 (41.1)
Ciliary dyskinesia 21 (18.4) 14 (22.2) 7 (13.7)
Post-infectious 19 (16.7) 11 (17.4) 8 (15.6)
Bronchiolitis 14 (12.3) 8 (12.6) 6 (11.7)
CTD 6 (5.3) 3 (4.7) 3 (5.8)
Immunodeficiency 4 (3.5) 3 (4.7) 1 (1.9)
Other 11 (9.6) 6 (9.5) 5 (9.8)

Lung function
FEV1, % predicted 48.7 ± 19.81 54.66 ± 21.68 41.54 ± 14.37 < 0.001§

FVC, % predicted 70 ± 17.17 74.55 ± 17.80 64.9 ± 14.84 0.002§

FEV1/FVC 0.57 ± 0.14 0.6 ± 0.15 0.52 ± 0.11 0.003§

FEF25-75%, % predicted 27 (11-36) 25 (13-49) 14 (9-27.4) 0.001†

TLC, % predicted 107.0 ± 17.1 106.1 ± 16.4 108.0 ± 18.0 0.573§

RV, % predicted 201.0 ± 58.0 190.7 ± 57.5 214.1 ± 56.6 0.034§

RV/TLC 53.0 ± 10.3 49.9 ± 10.7 56.5 ± 8.6 < 0.001§

DLCO, % predicted 70.0 ± 26.4 77.6 ± 26.9 60.5 ± 22.5 0.001§

Modified Reiff score 7 (7-11) 7 (4-11) 8 (6-11) 0.131†

Prognostic scores
E-FACED

< 0.001
Mild disease 52 (45.6) 49 (77.8) 3 (5.9)
Moderate disease 54 (47.4) 14 (22.2) 40 (78.4)
Severe disease 8 (7.0) 0 (0) 8 (15.7)

BSI

0.001
Mild disease 50 (43,9) 37 (58,7) 13 (25,5)
Moderate disease 42 (36,8) 19 (30,2) 23 (45,1)
Severe disease 22 (19,3) 7 (11,1) 15 (29,4)

BMI: body mass index; CTD: connective tissue disease; E-FACED: Exacerbation in the previous year, FEV1, Age, 
Colonization, Extension, and Dyspnea; and BSI: Bronchiectasis Severity Index. aValues expressed as n (%), as 
mean ± SD, or as median (interquartile range). *Chi-square test. †Mann-Whitney U test. §Student’s t-test.
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were related to the severity of dyspnea. On the basis 
of our results, we can also state that spirometry alone 
often fails to provide important information, information 
that can be complemented by data from complete 
pulmonary function testing.

We observed that most functional measures 
(spirometric and lung volume parameters) were 
associated with the severity of dyspnea, especially 
variables such as FEV1, RV/TLC, and DLCO, all of which 
showed better discriminatory power than did other 
variables. However, those variables showed varying 
levels of correlation, which suggests that no single 
functional parameter is sufficiently robust to characterize 
the intensity of dyspnea in patients with bronchiectasis. 
The measurement of dyspnea in patients with chronic 
airway disease is an important prognostic predictor, as 
has been demonstrated in previous studies involving 
patients with bronchiectasis(12,13) and patients with 
COPD.(28) In a large study characterizing a population 
of patients with a diagnosis of bronchiectasis, the 

authors did not assess the correlation between the 
severity of dyspnea and functional parameters.(30) 
The characterization of dyspnea is a complex process 
and may be related to various factors in patients with 
bronchiectasis, as we have recently demonstrated 
during the validation of a symptom score in this 
population.(31) Therefore, various factors should be 
taken into consideration for a careful assessment of 
the determinants affecting the characterization of 
dyspnea in patients with bronchiectasis.

In our sample, most patients had an obstructive 
pattern on spirometry and signs of air trapping on 
plethysmography. However, previous studies differ 
regarding this prevalence. Habesoglu et al.(32) performed 
spirometry in 304 patients with bronchiectasis and 
demonstrated that only 47.4% of the patients had 
an obstructive lung function pattern, whereas 20.8% 
had normal spirometry results. Recently, two studies 
confirmed the high prevalence of air trapping among 
patients with bronchiectasis.(33,34) Radovanovic et 
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Variable                       AUC
FEV1 (% predicted) 0.684 (95% CI: 0.588-0.781; p < 0.05)
FVC (% predicted) 0.663 (95% CI: 0.564-0.763; p < 0.05)
FEV1/FVC 0.647 (95% CI: 0.546-0.747; p < 0.05)
FEF25-75% (% predicted) 0.677 (95% CI: 0.580-0.774; p < 0.05)
RV (% predicted) 0.625 (95% CI: 0.519-0.730; p < 0.05)
TLC (% predicted) 0.523 (95% CI: 0.414-0.631; p = 0.67)
RV/TLC 0.682 (95% CI: 0.584-0.780; p < 0.05)
DLCO (% predicted) 0.684 (95% CI: 0.579-0.788; p < 0.05)
Modified Reiff score 0.421 (95% CI: 0.309-0.532; p = 0.17)

1A: Spirometric parameters

1C: DLCO and Reiff CT

1B: Lung volumes

Figure 1. Accuracy of functional parameters and a CT score in discriminating between patients who were severely 
symptomatic and those who were mildly symptomatic with dyspnea. AUC: area under the ROC curve; and Reiff CT: 
modified Reiff score.
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al.(33) demonstrated the presence of air trapping 
in 70.2% of their sample, whereas an obstructive 
pattern was present in only 41.1%. This variability in 
the identification of patterns on pulmonary function 
testing can be explained by the different characteristics 
of the populations studied. Our study sample was 
characterized by a significant number of patients who 
were more severely symptomatic and had worse lung 
function. In populations with milder disease, methods 
for assessing lung homogeneity (lung clearance index) 
and the small airways (oscillometry) may even be more 
sensitive than are traditional methods.(34,35)

The various methods of assessing lung function 
collect complementary information and can discriminate 
between different pathophysiological processes in the 
same patient. When we performed a complete functional 
assessment, many of the patients classified as normal 
or as having a nonspecific lung function pattern on 
spirometry could actually be identified as having air 
trapping or hyperinflation on plethysmography. The 
disagreement between spirometric and lung volume 
parameters is a relevant issue, because, as shown by 
Martínez-García et al.,(36) obstruction in bronchiectasis 
is a factor clearly distinct from lung hyperinflation. 

Obstruction is mainly related to bronchial wall thickening 
and secretion in the large airways, as proposed by 
Roberts et al.,(37) whereas hyperinflation is more 
strongly related to small airways involvement. In 
addition, plethysmographic parameters such as air 
trapping, as well as reduced DLCO, are more strongly 
associated with a worse prognosis in bronchiectasis 
than are spirometric parameters.(33) Finally, these 
measures may also behave differently in terms of 
bronchodilator response, being tools that are more 
sensitive and characterizing a subgroup with a better 
clinical course or more favorably affected by specific 
therapeutic interventions.(33,34)

To our knowledge, ours is the first study to perform 
a complete functional characterization of a population 
sample of individuals diagnosed with non-cystic fibrosis 
bronchiectasis in Brazil and to assess the association of 
functional, clinical, and radiological variables with the 
presence of dyspnea. Some studies have characterized 
populations of patients with bronchiectasis in Brazil, 
although many of those studies were retrospective 
and assessed a limited number of parameters. In 
1998, Bogossian et al.(38) studied 314 patients with 
bronchiectasis, comparing symptoms, lung function, 
and location of bronchiectasis between those with 
bronchiectasis due to tuberculosis sequelae and 
those with bronchiectasis of other etiologies. Patients 
with bronchiectasis due to tuberculosis sequelae 
were characterized as experiencing more significant 
functional limitation and having bronchiectasis that was 

Table 2. Functional patterns in patients with bronchiectasis, as determined through analysis of spirometry and lung 
volume data.a

Variable Total Mildly symptomatic Severely symptomatic p
Spirometry

Obstruction 95 (83.3) 48 (76.2) 47 (92.2)
0.03Nonspecific 13 (10.5) 9 (14.3) 4 (7.8)

Normal 6 (5.2) 6 (9.5) 0 (0.0)
Plethysmography*

Air trapping (A) 76 (67.8) 40 (63.4) 36 (70.6)

0.23

Hyperinflation (H) 1 (0.9) 1 (1.6) 0 (0.0)
A + H 25 (22.32) 12 (19.0) 14 (27.4)
Normal 8 (7.1) 7 (11.1) 1 (2.0)
Restriction 1 (0.9) 1 (2.6) 0 (0.0)
Mixed obstruction and restriction 1 (0.9) 1 (2.6) 0 (0.0)

aValues expressed as n (%). *Two patients (1.8%) had no data because of technical problems during the procedure.

Table 4. Correlation between functional parameters and 
the modified Reiff score.

Variable Modified Reiff score*

FEV1, % predicted −0.343†

FVC, % predicted −0.348†

FEV1/FVC −0.232‡

FEF25-75%, % predicted −0.303†

RV, % predicted 0.247†

TLC, % predicted 0.012
RV/TLC 0.356†

*Spearman’s correlation coefficient. †p < 0.05. ‡p < 0.01.

Table 3. Information provided by measurement of lung 
volumes in relation to spirometry-classified functional 
patterns (n = 112).a

Spirometry Lung volumes
Normal (n = 6) Air trapping, n = 1 (17%)

Hyperinflation, n = 1 (17%)
Air trapping + hyperinflation, 
n = 2 (33%)
Normal, n = 2 (33%)

Obstruction (n = 94) Air trapping, n = 65 (69%)
Air trapping + hyperinflation, 
n = 22 (24%)
Restriction, n = 1 (1%)
Normal, n = 6 (6%)

Nonspecific (n = 12) Air trapping, n = 11 (92%)
Restriction, n = 1 (8%)

aOne patient in the obstruction group and one patient 
in the nonspecific group had no data on lung volumes 
because of  technical problems during the procedure.
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predominantly located in the upper lobes and on the 
right side. In 2003, Moreira et al.(39) studied the profile 
of a population of 170 patients with bronchiectasis, 
comparing those who received clinical treatment 
and those who received surgical treatment, in terms 
of symptoms, bronchial colonization, etiology, and 
spirometry data. Patients who underwent surgical 
resection were those with more well preserved lung 
function, indicating that baseline functional status 
can even have an impact on the choice of treatment. 
Subsequently, Faria et al.(40) characterized a broad 
sample of patients with bronchiectasis, reporting that 
an obstructive pattern was the most common finding 
in those individuals, albeit at a lower proportion than 
that found in our population (43.5% vs. > 80%). 
However, that study(40) did not consider lung volume 
measurements, radiological data, or prognostic scores. 
Finally, in 2015, Lopes et al.(41) primarily assessed 
the impact of various etiologies of bronchiectasis on 
clinical findings, lung function data, and CT findings. 
The authors concluded that etiology, CT score, and 
severity of dyspnea are independent predictors of 
FEV1 and DLCO. They also established an association 
between FEV1 and CT score.

We found that the extent of bronchiectasis seen on 
CT, as measured by the modified Reiff score,(28) showed 
weak correlations with functional parameters and with 
the severity of dyspnea. That finding is in line with 
those of previous studies. Lynch et al.(42) assessed and 
reported the relationships that FEV1, FVC, and FEV1/FVC 
have with the extent of bronchiectasis on CT, the type 
of bronchiectasis, bronchial wall thickening, air trapping, 
and mucoid impaction. Dimakou et al.(30) also found that 
the radiological extent of bronchiectasis correlated only 
weakly with spirometric parameters. Given the complex, 
heterogeneous nature of bronchiectasis, the extent 
to which bronchiectasis affects the respiratory tract 
should not be assessed by a single method. Chest CT 
is highly important as a gold standard for the diagnosis 
of bronchiectasis and provides useful information on 
potential etiologies. In addition, subjective radiological 
assessment or radiological assessment by scores, such 
as the modified Reiff score,(28) allows assessment of 
regional involvement by bronchiectasis, which is not 
possible via pulmonary function testing. However, CT 

scores that include images obtained during inspiration 
and expiration can be used in order to improve the 
characterization of small airways involvement and, 
consequently, of air trapping. By using this methodology, 
a greater correlation can be found between CT findings 
and pulmonary function test findings.(42)

Although we systematically characterized a significant 
sample of patients with a diagnosis of non-cystic 
fibrosis bronchiectasis, through a detailed description 
of clinical, functional, and radiological data, our study 
has some limitations. This was a cross-sectional 
study, and therefore assessment of causality was 
not possible; prospective studies are needed in order 
to determine whether the inclusion of lung volumes 
in the evaluation adds prognostic value or leads to 
changes to the follow-up of such patients. In addition, 
we used a simple CT score that was based solely on 
the expiratory phase. Therefore, we were unable to 
assess the correlation between air trapping detected by 
CT and the various functional parameters measured. 
Finally, caution should be exercised in extrapolating 
the results, because the study sample was based 
on a population with severe lung involvement at a 
tertiary care hospital and with a lower prevalence of 
post-infectious etiologies than that commonly found 
in the Brazilian population.

Patients with bronchiectasis who had more severe 
dyspnea showed greater functional impairment on 
spirometry and plethysmography. On spirometry, FEV1, 
which is a parameter used in the two main prognostic 
scores in bronchiectasis,(13,17) is an important marker 
of severity in patients with bronchiectasis. However, 
spirometry alone is not sufficient to characterize such 
patients clinically, especially regarding the severity 
of dyspnea. The measurement of lung volumes by 
plethysmography can add relevant information because 
it provides information on small airways involvement 
and has proven to be a useful complement to the 
functional assessment in patients with bronchiectasis. 
Therefore, given the complex nature of bronchiectasis, 
a combination of clinical, functional, and radiological 
evaluations is essential for an adequate characterization 
of the disease, thus making appropriate clinical 
management and determination of the prognosis.
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