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Abstract Objective The therapeutic benefit of inhaled

corticoids in bronchiectasis not due to cystic fibrosis is still

not well documented. The aim of the present study was to

assess the efficacy and safety of inhaled corticoids in this

disease. Setting This study was conducted at a tertiary uni-

versity hospital in the city of Barcelona, Catalonia, (Spain).

Method A prospective, double-blind, parallel, placebo-

masked study was conducted. Seventy-seven patients (40

women; mean age: 68 years) were randomly assigned to

receive either 400 mcg budesonide twice daily or placebo

and were regularly reviewed for six months. Results Dif-

ferences in forced vital capacity and forced expiratory vol-

ume in the first second between the beginning and end of the

study were not significantly lower in the budesonide group

than in the placebo group, either in absolute values [-17.4

(386.9) versus -21.4 (375.5)] or in percentages [-1.9(9.5)

versus -2.8 (11.6)]. Microbiological criteria applied to

evaluate changes between the beginning and end of the study

showed no worsening in the budesonide group compared

with the control group, whereas a non-significant improve-

ment was obtained in 8.1 % of cases in the budesonide group

compared to 3 % in the placebo group. Although signifi-

cance was only achieved for sputum eosinophils

(p = 0.021), a consistent tendency towards improvement

was also observed in secondary end-points (symptoms,

number and duration of exacerbations, quality of life, spu-

tum cytology and interleukin-8) in the budesonide group.

Conclusion Although further studies are required, inhaled

corticoid treatment may be efficacious and safe in bronchi-

ectasis not due to cystic fibrosis.

Keywords Bronchiectasis � Budesonide � Inhaled

corticoid

Impact of findings on practice

• Inhaled corticosteroids may improve the overall con-

dition of patients with bronchiectasis not due to cystic

fibrosis.

• A 6-month inhaled corticoid treatment appears not to

worsen chronic bronchial infection in patients with

bronchiectasis not due to cystic fibrosis.

Introduction

Bronchiectasis constitutes the final stage in a series of

pathological processes that cause dilatation and persistent

inflammation of the bronchial tree. This inflammation

stems from the maintained, uncontrolled migration of
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neutrophils to the area affected by the imbalance of cyto-

kines released by epithelial cells and macrophages [1].

Patients with bronchiectasis suffer recurrent bronchial

infections, probably facilitated by the existing chronic

inflammation, a fact is reported by some authors as the

vicious circle of bronchiectasis in which inflammation and

infection are self-maintained [2].

Corticoid Inhalation delivers the drug directly to the

airways where it acts locally and minimises the systemic

side effects associated with oral or parenteral administra-

tion [3]. The anti-inflammatory efficacy of inhaled corti-

costeroids in the bronchial tree has been demonstrated in

inflammatory airway diseases such as asthma [4] and

chronic obstructive pulmonary disease (COPD) [5].

Patients with bronchiectasis could benefit from the anti-

inflammatory effect of these drugs although, owing to their

immunosuppressant effect [6], the frequency and severity

of bronchial infections could be increased. Two recent

reviews [7, 8] suggested there is still insufficient evidence

to support the use of corticoids in patients with bronchi-

ectasis secondary or not to cystic fibrosis. However,

inhaled corticosteroids are frequently used in clinical

practice in these patients with symptoms of bronchial

hyperreactivity or because it is believed that these drugs

could reduce inflammation in this disease.

Aim of the study

The present work aimed to evaluate the efficacy and safety

of inhaled budesonide in patients with bronchiectasis not

due to cystic fibrosis using a study which included follow-

up of clinical-functional variables, quality of life, inflam-

matory parameters and bacteriological findings.

Method

A prospective, 6-month, randomised, double-blind, paral-

lel, placebo-masked clinical trial was conducted. Ran-

domisation was performed by hospital pharmacy personnel

and the treatment assignment was not revealed to the study

investigators until all participants had completed the study.

Randomisation was performed to ensure that all treatment

groups were balanced. Patients were divided into two

groups: one received 400 mcg of inhaled budesonide

administered by a metered-dose inhaler using a spacer

chamber (Nebuhaler�) twice daily, and the other a placebo

by a metered-dose inhaler with a spacer chamber. Eight

hundred mg of budesonide daily were used since this is the

dose usually recommended in other inflammatory airway

diseases such as asthma or COPD [4, 5]. Patients were

instructed in the inhalation technique by the same

physician (MED) according to the recommended instruc-

tions [9]. The follow-up period was six months. Adherence

and compliance were assessed following the count of

returned (used and/or unused) medication.

Over a 3-year period, 77 consecutive patients aged 18 or

over (mean: 68.06; range: 40–85) previously seen at the

Pneumology Outpatient Clinic of our centre and who ful-

filled the study requirements were assessed. The diagnosis of

bronchiectasis was made by the same pneumologist (RO)

and confirmed by a radiologist based on a high-resolution

chest CT. Sweat test and blood analysis for the most frequent

cystic fibrosis mutations in Spain were negative [10].

Bronchiectasis aetiology was: idiopathic (budesonide group

n = 31), post-tuberculous (n = 26), post-pneumonia (n =

10), IgG deficiency (n = 3) and others (n = 7). Patients had

to be clinically stable of their basal disease. Exclusion cri-

teria were corticosteroid treatment or acute exacerbations in

the previous 30 days, allergy to budesonide, bronchial

asthma, any other chronic disease, e.g. heart, kidney and

liver failure, and any other illness with life expectancy under

2 years that could interfere with the study.

Symptom severity or frequency was measured every

month on a scale of 0–3 similar to that reported by Portenoy

et al. [11]. Cough and sputum production were measured as

follows: 0: absent, 1: rarely, 2: frequently, 3: constantly, and

dyspnoea as: 0: absent, 1: becoming short of breath when

hurrying on the level or walking up a slight slope, becoming

short of breath when walking at one’s own pace on the level,

and 3: breathlessness on leaving home or when dressing or

undressing. Fever was measured as follows: 0: \37 �C, 1:

37–37.5 �C, 2: 37.6–38 �C, 3:[38 �C. The symptom scale

was explained by the same physician (MED). At each visit,

this physician asked the patients to classify all symptoms

observed throughout the month and checked whether the

patient had followed the correct criteria. Exacerbation epi-

sodes were defined as worsening of more than 48 h’ duration

of at least three of the four symptoms. The number of

treatment days in cases of exacerbation, whether ambulatory

or with hospitalisation, was also recorded. Patient quality of

life was evaluated by the St. George’s Questionnaire [12] at

baseline and at the end of the study. Forced vital capacity

(FVC), forced respiratory volume in the first second (FEV1)

and bronchodilator test were evaluated according to the

American Thoracic and European Respiratory Societies

criteria [13] at the beginning and end of the study. The

bronchodilator test was considered positive if an increase of

200 ml and 12 % was recorded in FEV1 after salbutamol

administration by a metered-dose inhaler.

Spontaneous sputum samples were collected monthly

from all patients. Sputum was processed by the technique

described by Pizzichini et al. [14]. Sputum was separated

microscopically from contaminating saliva. The selected

portion was placed in a test tube, weighed and mixed with
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four volumes of dithiotheitol solution. The preparation was

vortexed for 15 s and then rocked gently for 15 min and 4

volumes of Dulbecco’s PBS were added. The suspension

was filtered through a 48-lm nylon gauze (Millipore Cor-

porate Headquarters, MA, USA) and centrifuged at

2,500 rpm for 10 min. The result obtained was a cell pellet

and a supernatant solution. The supernatant was separated

and stored at -80 �C for inflammatory marker analysis. The

cell pellet material was resuspended in 500–1,000 ll

(depending on macroscopic estimation of the sediment size)

of Dulbecco’s PBS. Total cell count and cell viability were

determined. The cell suspension was then mixed with Dul-

becco’s PBS to obtain a quantity of 0.6 – 1 9 106 cells/ml

of suspension. Cystospin cell preparations were then pre-

pared using a cytocentrifuge. Cytospin slides with 400 cells

per slide were stained with May-Grünwald-Giemsa to obtain

the cell count. Sputum samples weighed more than 0.05 g,

with 60 % viability and less than 20 % squamous cells. IL-8

levels in the supernatant of patient sputum and serum sam-

ples were determined by ELISA (Bender Medsystem, USA)

at the beginning and end of the study.

A sputum sample was shipped to the laboratory after

each monthly visit and also in cases of exacerbation or

admission. A quantitative bacteriological culture was per-

formed and tobramycin sensitivity was determined. The

sputum sample, after determination of its quality by Gram

staining [15], was studied microbiologically. All samples

were cultured conventionally in blood agar, McConkey

and Saboraud media and semiquantitatively cultured with

calibrated loop, and over 106 colony-forming units per

millilitre (CFU/ml) of sample were detected. Isolated micro-

organisms were identified by standardised or automated

means and the antibiogram performed using the Kirby-

Bauer technique [16]. According to baseline microbiologi-

cal findings, patients were classified as those with normal

flora (Group A), presence of bacteria other than Pseudo-

monas aeruginosa (Group B) and presence of P. aeruginosa

(Group C). Microbiological worsening was considered when

any germ of groups B or C was isolated in a group A case,

when any group C germ was isolated in a group B case or if,

in a group C case, another non-fermenting gram-negative

bacillus was isolated in the study. Improvement was con-

sidered if, during the study, a patient could not be included in

his/her group and was changed to a better microbiological

group (from C to B or A; from B to A).

The study was approved by the Ethics Committee of our

centre. All patients gave their written informed consent

prior to inclusion in the study.

Statistical analysis

Statistical analysis of efficacy was made only in patients who

completed the treatment period. Initially, a confirmatory

analysis was made to assess the comparability of the two

study groups. For descriptive purposes, conventional mean,

standard deviation and frequency tables were used, regard-

less of the distribution pattern.

No sample size was measured in this study, since the

outcome of therapeutic interventions in bronchiectasic

patients is not well established. Thus, the nature of the

study was essentially exploratory and no sample-size cal-

culations were made.

Functional parameters (FVC and FEV1) and microbio-

logical changes between baseline and the end of the study

were the primary end-points for evaluating efficacy and

safety, respectively. Safety was evaluated under intention-

to-treat conditions. Student’s t test was used to compare

means (Mann–Whitney U test, when necessary). Chi-

square test (Fisher’s exact test, when necessary) was used

to compare proportions.

The potential influence of other variables, such as age,

smoking or initial bacteriological group, was also studied

by multiple regression and analysis of variance (Krushkal-

Wallis test, when necessary). Statistical analysis was made

using the SPSS v.12.0 (SPSS Inc. USA) software package.

For single outcome comparisons, the treatment effect was

considered if p values were 0.05 or less.

Results

Characteristics at the start of the study

Initially, seventy-seven patients were included in the clinical

trial. Seven did not complete the study: three died from

respiratory failure (all of the placebo group) and four volun-

tarily decided to abandon the study (three of the placebo group

and one of the budesonide group). Patients were distributed in

two study groups. No statistically-significant differences were

found in any of the clinical or demographic characteristics at

the start of the study (Table 1). Except for cough after inha-

lation (two patients in the placebo group and three in the

budesonide group), no other adverse effects were observed.

Clinical-functional criteria and quality of life

At the end of the study, greater preservation, though

without statistical significance, of all the functional

parameters studied was observed in the budesonide-treated

group (Table 2).

Mean total score of pulmonary symptoms between the

beginning and end of the study showed no significant differ-

ences, although a tendency (p = 0.105) towards improvement

was observed in the budesonide group (-0.70 ± 2.08) com-

pared with the placebo group (-0.18 ± 2.5 %). Similarly, a

tendency towards improvement in the remaining clinical
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variables analysed was verified in the budesonide group. The

number of patients with exacerbations and admissions was

lower in the budesonide group. Furthermore, the number of

exacerbations and days of hospitalisation per patient were also

lower in the budesonide group (Table 2). When quality of life

was analysed, no significant differences were observed

between groups. However, improvement in the quality of life

of patients treated with budesonide compared with the placebo

group was also observed (Table 2).

Analysis among groups A, B and C showed no signifi-

cant differences in any of the clinical-functional variables.

Inflammatory criteria

Serum IL-8 values showed a non-significant decrease

between the beginning and end of the study in the budesonide

group compared with the placebo group. Eosinophil number

in sputum fell significantly (p = 0.021) in the budesonide

group compared with the placebo group. No significant dif-

ferences were observed in the remaining cell types or in the

analysis among groups A, B and C (Table 2).

Microbiological criteria

No worsening was observed in budesonide-treated patients

compared with controls. Furthermore, 8.1 % of patients

treated with budesonide showed an improvement in the

established microbiological criteria, while only 3.0 % did

so in the placebo group (Table 3).

No influence of other variables, such as age, smoking or

initial bacteriological group, was observed on results

(Tables 2 and 3).

Table 1 Patient characteristics

prior to the start of the study

(n = 70)

Comparison of characteristics

between groups showed no

significant differences in any

case. Data expressed as mean

(SD). * BT bronchodilator test.

** pg/ml picogram/millilitre.

*** (% cell) percentage of 400

cells. **** A: Normal flora.

B: Presence of bacteria other

than P. aeruginosa. C: Presence

of P. aeruginosa

Characteristics Budesonide (n = 37) Placebo (n = 33)

Sex: male/female 15/22 19/14

Age (years) 68 (8.2) 66 (9.0)

Smoking status

Non-smokers 24 (64.9 %) 16 (48.5 %)

Smokers; pack-year 2 (5.4 %); 37.5 (3.5) 2 (6.1 %); 101 (26.9)

Ex-smokers; pack-year 11 (29.7 %); 34.6 (22.6) 15 (45.5 %); 46.7 (26.9)

Bronchiectasic lobes 3.65 (1.83) 3.79 (1.69)

FEV1 % 64.6 (25.1) 64.7 (27.0)

FEV1 (ml) 1,554.4 (806.5) 1,501.8 (564.7)

FVC % 66.1 (21.1) 65.7 (19.0)

FVC (ml) 2,156.1 (886.2) 2,200.4 (604.4)

BT* positive [n (%)] 10/37 (29 %) 6/33 (19 %)

Clinical criteria

Cough 1.30 (0.77) 1.52 (0.72)

Dyspnoea 1.65(1.08) 1.70 (1.01)

Sputum 1.59 (0.92) 1.70 (0.98)

Fever 0 0

Total 4.54 (2.38) 4.90 (2.28)

St. George [12]

Symptoms 38.1 (23.3) 51.11 (32.2)

Activity 42.18 (29.0) 53.73 (36.6)

Impact 24.0 (25.0) 38.35 (30.4)

Total 31.9 (24.6) 45.16 (31.0)

IL-8 sputum (pg/ml)** 862.31 (1,170) 716.23 (1,142.0)

Eosinophils in sputum (% cell)*** 2.34 (5.78) 1.4 (4.70)

Neutrophils in sputum (% cell)*** 79.65 (26.2) 75.90 (4.62)

Lymphocytes in sputum (% cell)*** 5 (9.60) 5.77 (4.2)

Macrophages in sputum (% cell)*** 8.07 (812.6) 7.84 (10.59)

Squamous cells in sputum (% cell)*** 2.69 (6.87) 4.96 (14.38)

Sputum bacteriology****

A (n/%) 14/20 9/12.9

B (n/%) 4/5.71 6/8.6

C (n/%) 19/27.1 18/25.7
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Discussion

In the present study, a tendency was observed towards

improvement in clinical symptoms, quality of life,

inflammatory parameters and lung function in patients with

bronchiectases not due to cystic fibrosis treated with

inhaled budesonide compared with those receiving pla-

cebo. Moreover, inhaled corticoids were not found to

provoke worsening of the chronic bronchial infection in

patients with bronchiectases not due to cystic fibrosis.

The main limitation of this exploratory study was the

difficulty in drawing clear and definite conclusions owing

to the limited number of patients involved. Nevertheless,

our report adds information on the efficacy and safety of

inhaled corticoids in bronchiectasis not due to cystic

fibrosis, aspects for which a recent systematic review

concluded there was insufficient evidence [17].

A bronchial inflammatory response exists in bron-

chiectases not due to cystic fibrosis even when the patient

is not in an acute phase [18]. In other bronchial diseases,

inhaled corticoid treatment has produced a reduction in

bronchial inflammation and improvement in clinical func-

tion parameters [19–21]. Thus, it has been postulated that a

decrease in that inflammation might also be a beneficial

factor in bronchiectases not due to cystic fibrosis.

Elborn et al. [22] analysed a group of 20 patients with

bronchiectases; of these, only 13 treated with 1,500 mcg of

betametasone for 6 weeks completed the study. The

authors observed a significant improvement in sputum

volume reduction, FEV1, morning peak expiratory flow

rate and symptom scores for cough. Tsang et al. [23]

conducted a similar clinical trial with 24 patients treated

with 1,000 mcg/day of fluticasone for 4 weeks. They

observed a significant reduction in leukocyte density in

Table 2 Clinical, functional and inflammatory results

Budesonide Placebo

Total symptom score* -0.70 (2.03) -0.18(2.56) NS

Patients with exacerbations (%) 48.7 % 57.6 % NS

Exacerbations per patient 0.68 0.97 NS

Admitted patients (%) 2.7 % 12 % NS

Mean hospital stay (days) per patient 0.27 2.18 NS

FVC difference (initial-final) (ml) -17.4 (386.9) -21.8 (375.5) NS

FVC difference (initial-final) (%) -1.9 (9.5) -2.8 (11.6) NS

FEV1 difference (initial-final) (ml) -646.45 (460) -804.9 (515.6) NS

FEV1 difference (initial-final) (%) -1.9 (9.76) -3.96 (15) NS

Quality of life (St George) [12]

Difference in symptoms (initial-final) -1.90 (13.07) -4.50 (15.39) NS

Difference in activity (initial-final) -2.48 (9.76) -8.01 (19.86) NS

Difference in impact (initial-final) 0.82 (10.08) -2.81 (13.81) NS

Total difference (initial-final) -0.56 (7.91) -3.78 (2.36) NS

IL-8 sputum (pg/ml difference)** -102.7 (1,721.3) 58.8 (1,404.1) NS

Eosinophils in sputum (% cell difference)*** -0.18 (1.04) 1.69 (4.3) 0.021

Neutrophils in sputum ( % cell difference)*** 12.31 (29.20) -8.75 (20.4) NS

Lymphocytes in sputum (% cell difference)*** -4.12 (12.07) 0.08 (2.1) NS

Macrophages in sputum (% cell difference)*** -0.12 (11.9) 0.25 (4.97) NS

Squamous cells (% cell difference)*** -2.31 (5.04) -0.083 (2.90) NS

Comparison of results between groups showed no significant differences in any case. Data are expressed as mean (SD). * Total symptom score:

mean total score between baseline and end of the study. ** pg/ml picogram/millilitre. *** (% cell) percentage of 400 cells

Table 3 Microbiological changes according to study group and ini-

tial stage

Budesonide

No. cases (%)

Placebo

No. cases (%)

p

Improvement 8.1 % 3.0 % NS

Group A 0/14 (0) 0/9 (0)

Group B 1/14 (7.1) 0/6 (0)

Group C 2/19 (10.5) 1/18 (5.5)

Worsening 24 % 24 % NS

Group A 4/14 (28.5) 2/9 (22.2)

Group B 2/4 (50) 3/6 (50)

Group C 3/19 (15.7) 3/18 (16.6)

Group A: normal flora

Group B: presence of bacteria other than P. aeruginosa

Group C: presence of P. aeruginosa
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sputum, though only a tendency towards improvement in

pulmonary function. A study by Joshi [24], conducted in 20

patients treated with 800 mcg/day for 4 weeks, showed

functional improvement; however, a postbronchodilator

response could have biased the study in favour of response

to inhaled corticoids. Later, Tsang et al. [25], studying 86

patients with bronchiectases treated with 1,000 mcg/day of

fluticasone for 52 weeks, reported that fewer patients

complained of cough and a significant reduction was

observed in sputum volume in those treated with flutica-

sone. Moreover, a reduction in exacerbation frequency in

the subgroup of patients with P. aeruginosa infection (12

patients) was also observed. However, in the whole group

of patients studied and also in the subgroup with P. aeru-

ginosa, no significant improvement was recorded in any of

the other variables studied, including functional parame-

ters. Finally, Martinez-Garcia et al. [26], in a study con-

ducted in 86 patients with a duration of 6 months, observed

an improvement in dyspnoea, days without cough, sputum

production, short-acting b-2 agonist use and quality of life,

though without changes in lung function, in the group

treated with fluticasone 1,000 mcg/day compared with the

other group treated with 500 mcg. In the present study, a

constant tendency was found towards improvement in

clinical, functional and inflammatory parameters. How-

ever, only a significant decrease in eosinophils in sputum

was observed in the budesonide-treated group. Although a

rise in eosinophil levels is a constant in bronchiectases not

due to cystic fibrosis, its exact role in the pathogenic

mechanism and a possible effect of inhaled corticoids

remain unknown [18]. We consider that our findings point

to a promising role of inhaled corticosteroids in bron-

chiectases not due to cystic fibrosis which should be con-

firmed in further studies.

Long-term systemic treatment with corticoids produces

deregulation in cell immunity and a direct stimulatory

effect on the growth of opportunistic germs, leading to an

increase in susceptibility to opportunistic infections [27]. In

this context, the use of inhaled corticoids, which permits

high levels of the drug to reach the airways, could be

considered counter-productive in patients with bronchiec-

tases not due to cystic fibrosis, since a chronic bronchial

infection was observed in 64 % of patients with this dis-

ease [28]. Tsang et al. [19] studied this hypothesis and

found that no significant differences existed in the bacterial

density of P. aeruginosa or in the total number of bacteria

in sputum in a group treated with fluticasone compared

with a control group. However, the small sample size (24

patients) and short exposure (4 weeks) limited the con-

clusions. Martinez-Garcia et al. [26] reported no significant

changes in the number of chronic colonisations in groups

treated with 0, 500 and 1,000 mcg/day of fluticasone dur-

ing a 6-month study versus the pre-randomisation

percentages. Concurring with the above-mentioned reports

[23, 26], our study did not cause worsening of the bronchial

infection or an increase in susceptibility to opportunistic

infections. Thus, although understandable concern exists

regarding overgrowth or the appearance of bacterial resis-

tance with prolonged use of inhaled corticoids, and after an

overall assessment of our study and the results published in

the literature, we believe these drugs could be used if a

patient requires them, e.g. as a consequence of associated

symptoms of bronchial hyperreactivity.

Conclusion

Although several functional, clinical and inflammatory

parameters showed a tendency to improve, except for the

number of eosinophils in sputum, none of the clinical end-

points reached statistical significance. The use of inhaled

corticosteroids in bronchiectases not due to cystic fibrosis

did not cause worsening of the bronchial infection, at least

during the 6 months of our study. We believe further

studies are required to definitively clarify whether long-

term inhaled corticoids should be used in patients with

bronchiectases not due to cystic fibrosis.
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