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BACKGROUND: Bronchiectasis is characterized by abnormal and permanent dilation of the
bronchi, caused by the perpetuation of inflammation and impairment of mucociliary clearance.
Physiotherapy techniques can help to decrease the retention of respiratory secretions. The flutter
valve combines high-frequency oscillation and positive expiratory pressure to facilitate the removal
of secretions. We evaluated the effects of the flutter valve on sputum inflammation, microbiology,
and transport of respiratory secretions in patients with bronchiectasis. METHODS: Seventeen
participants underwent sessions with flutter or control (flutter-sham), for 30 min/d, in a randomized
crossover study, with 4 weeks with one of the therapies, a 2-week wash-out period, and then another
4 weeks with the other modality. Secretion samples were collected every week throughout the
protocol and were assessed for the mucociliary transport, displacement in a simulated cough
machine, contact angle, and cell cytology with percentage of neutrophil count, eosinophils, and
macrophages, and the microbiology was assessed by the number of colony-forming units. RESULTS:
Treatment with flutter resulted in greater displacement in a simulated cough machine and smaller
contact angle, comparing the results between the first week (9.94 � 3.12 cm and 26.5 � 3.21°,
respectively) and fourth week of treatment (13.96 � 5.76 cm and 22.76 � 3.64°, respectively) and
was associated with a decrease in the total number of inflammatory cells. CONCLUSIONS: The use
of a flutter valve for 30 min/d for at least 4 weeks is enough to change physical properties and
improve mucus transport by coughing and can contribute to the reduction of the total number of
inflammatory cells of the respiratory secretions of subjects with bronchiectasis. (ClinicalTrials.gov
registration NCT01209546.) Key words: bronchiectasis; sputum; respiratory physiotherapy; mucociliary
transport; inflammation; infection. [Respir Care 2017;62(8):1067–1074. © 2017 Daedalus Enterprises]

Introduction

Bronchiectasis is a condition that is pathologically char-
acterized by the abnormal and permanent dilation of one
or more bronchi with chronic cough, expectoration of pu-
rulent sputum, and dyspnea as the main symptoms.1-3 Ini-

tially, this dilation is related to a destructive process on
bronchial walls, caused mainly by bacterial infection and
continuous inflammation; this results in the destruction of
the epithelial lining and of the muscular and elastic com-
ponents of the bronchial walls.4-6 Destruction of the epi-
thelium causes decreased mucociliary transport, which is
the primary defense mechanism of the lower airways. Ad-
ditionally, there is hypertrophy of mucus secretory cells
and alteration of the composition of the respiratory mucus,
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which further impairs its clearance.2,4,7-9 Thus, mucus hy-
persecretion in patients with bronchiectasis is a permanent
situation, with periods of exacerbation, which are associ-
ated with increased secretion produced.10

In addition to pharmacologic and/or surgical treatment,
respiratory therapy is also indicated for patients with bron-
chiectasis, because patients have difficulty in the transport
and elimination of mucus. Therefore, they may benefit
from physiotherapy and its various techniques.11 The flut-
ter valve is a physical therapy alternative device for these
patients because it combines 2 important secretion removal
techniques: positive expiratory pressure and high-frequency
oscillation. Positive expiratory pressure assists in the re-
moval of secretions by increasing alveolar pressure as a
result of expiration against resistance, favoring inflation of
collapsed alveoli by collateral ventilation and increased
expiratory flow. However, the main benefit of the flutter is
attributed to high-frequency oscillation, possibly because
of the thixotropic effect, a property of mucus that results in
reduced viscosity when submitted to oscillation. This
change in the mucus properties may result in different
macroscopic aspects and transport by ciliary system or air
flow.12

In subjects with bronchiectasis, previous research has stud-
ied the effectiveness of the flutter in relation to expectorated
secretion volume,13 mucociliary transport by the frog palate
method, displacement in the simulated cough machine, con-
tact angle, and respiratory secretion viscosity.10,14,15

Tambascio et al12 demonstrated an improvement in re-
spiratory secretion transport after exercises with Flutter
VRP1 in subjects with bronchiectasis. It has been specu-
lated that this increase in the displacement by coughing
and a reduction in the contact angle could be attributed to
thixotropic flow,16,17 and this effect had been demonstrated
by App et al17 and Ramos et al14 in subjects with bron-
chiectasis and cystic fibrosis, respectively.

Because hypersecretion and/or mucus stasis contributes
to the perpetuation of the inflammatory process,3,18 we
hypothesized that favoring the removal of secretions with
the flutter valve technique, which is capable of increasing
the volume of sputum, could also modify the inflammatory
and microbiological profile of respiratory secretions. Thus,
the aim of the study was to evaluate the effects of the
flutter device on the inflammatory and microbiological
mucus profile, as well as transport rates of respiratory
secretions, in subjects with non-cystic fibrosis bronchiec-
tasis.

Methods

Study Subjects

We evaluated 65 clinically stable subjects with non-
cystic fibrosis bronchiectasis, as defined by medical his-

tory and clinical examination and confirmed by computed
tomography scanning, from the out-patient pneumology
clinic in the university hospital. Patients who had no
amount � 0.5 mL of respiratory secretion or who had
developed any type of respiratory infection in the 4
weeks before baseline or during the protocol were ex-
cluded from the study. This study was registered in the
Protocol Registration System, ClinicalTrials.gov, and
the participating subjects were informed of all stages of
the study and signed a written consent form approved
by the local ethics committee (approval 6007/2007).

Protocol

Initially, patients with the diagnosis of non-cystic fibro-
sis bronchiectasis confirmed by computed tomography
scanning were evaluated, and those who agreed to partic-
ipate in the study were randomized through the draw for 2
groups: the control group or the flutter group. Before the
beginning of the study, subjects were randomized into the
flutter group or the control group. The flutter equipment
was used without modifications in the flutter group, whereas
the control group used the flutter device without the stain-
less steel ball inside. The exercises were performed in a
sitting position; subjects were instructed to perform long
breathing during the treatment.

Subjects in the control group or the flutter group carried
out exercise sessions with the flutter device (Flutter VRP1,
VarioRaw S.A., Switzerland) for 30 min daily in a ran-
domized crossover study. They were subject to 4 weeks of
treatment with one of the therapies11,17,19 followed by a
2-week wash-out period and then by 4 weeks with the
other modality (Fig. 1).

QUICK LOOK

Current knowledge

The flutter valve is an airway clearance device for pa-
tients with bronchiectasis. Previous research has stud-
ied the effectiveness of the device in different aspects.
However, no study has evaluated the effectiveness of
the flutter device on the inflammatory and microbio-
logical mucus profile.

What this paper contributes to our knowledge

The main contribution of our results is the therapeutic
potential of respiratory therapy in patients with bron-
chiectasis, which has not been described for physiother-
apy techniques. The flutter was associated with im-
provements in the inflammatory process of respiratory
secretions in patients with bronchiectasis.
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In the first and fourth weeks of treatment with each
modality, the subjects’ respiratory secretions and sputum
were collected after voluntary coughing supervised by the
researcher for the following assessments: adhesiveness,
purulence, mucociliary transport, displacement in the sim-
ulated cough machine, contact angle measurement, cyto-
logical analysis, and microbiological evaluation.

Adhesiveness. Immediately after the secretions had been
separated from the saliva, the mucus was evaluated in
terms of its “pourability” (adhesiveness), being graded on
a scale ranging from 1 (adheres closely to the container) to
4 (pours easily). The samples that received adhesiveness
grades of 1 or 2 were classified as adhesive, whereas those
that received adhesiveness grades of 3 or 4 were classified
as not adhesive.20

Purulence. Immediately after evaluation of adhesion, the
secretions were assessed for purulence while assigning a
denomination (mucoid, mucopurulent, or purulent) accord-
ing to the visual scale proposed by Murray et al.21 The
strains with mucoid ratings were classified as mucoid, and
those that were mucopurulent or purulent were classified
as purulent.22

Mucociliary Transport. Frogs (Rana catesbiana) had
their palates removed following decapitation and were
maintained at 4°C for 48 h to collect the mucus. Small
amounts of subject mucus were removed from a plastic

tube and were submerged in ether to remove excess Vase-
line and then deposited on the palate. The sample displace-
ment was observed using a stereomicroscope with an 8�
magnification lens (Stemi 1000, Carl Zeiss, Göttingen,
Germany), and the transport time was recorded with the
use of a chronometer (8904, Herweg, Santa Catarina, Bra-
zil).12,22 The results were expressed as relative transport
velocity compared with the average of 5 experimental mu-
cus transport velocity measurements for the frog (average
of the summed velocity of the initial and final frog speeds
for the experimental mucus evaluation).

Displacement in the Simulated Cough Machine. Anal-
ysis of the cough machine mucus transport was completed
according to the model described by King et al16 and ad-
opted by the Heart Institute Precision Institute (InCor)
(São Paulo, Brazil). The model was composed of a pres-
sure source, a solenoid valve, and a simple scheme of
airways, represented by a dry acrylic cylinder measuring
30 cm in length and 4 mm in internal diameter, with the
three elements connected in a series. When the cough
simulator machine was activated, the timing device con-
trolled opening of the solenoid for 1 s, allowing the exit of
air at 4.2 kg/cm2 of pressure, thus moving the secretion
sample.12,22 Each mucus sample was tested 5 times, and
the average of these 5 displacements was used.

Contact Angle Measurement. The angle, in degrees,
formed between the mucus and the glass surface was con-
sidered the contact angle and was measured using a gon-
iometer with a 20� magnification lens. The glass surface
used for these analyses was treated with sulfochromic acid
to remove any electrical charge. The sample was evaluated
5 times, and the average of these measurements was
used.12,22

Cytological Analysis. The respiratory secretions were ho-
mogenized with dithiothreitol at 0.1% (Life Technologies
Inc., Grand Island, New York), mixed with a model TE-
053 Dubnoff shaker (Tecnal, Piracicaba, Brazil), centri-
fuged (Allegra 21R centrifuge, Beckman, Palo Alto, Cal-
ifornia), and stained by trypan blue. For total count of cells
and cell viability analysis, 10 �l of this solution was placed
in a Neubauer chamber (Fein-Optik, Blackenburg, Ger-
many) and displayed in the optical microscope. At least
200 non-squamous cells were counted to obtain the cell
composition, expressed as a percentage of macrophages,
eosinophils, lymphocytes, and neutrophils. The differen-
tial cell count was performed by an experienced technician
from the pulmonology laboratory of the institution, who
did not have access to subject data or the requests for
interventions, and it was expressed as a percentage of the
total number of cells and in terms of macrophages, eosin-
ophils, lymphocytes, and neutrophils.23

Fig. 1. Flow chart.
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Microbiological Evaluation. The secretions were ho-
mogenized, diluted in a 0.9% saline solution, and depos-
ited in blood agar plates, which were subsequently spread
with a bacteriological loop. The plates were then incubated
in an oven at 35°C for 24 h and held the visual reading of
bacterial growth in colony-forming units. Later, we calcu-
lated the concentration of colony-forming units/g of respi-
ratory secretion based on the highest-dilution plate on which
there was microbial growth. The predominant bacteria iso-
lated by this method were identified in relation to the
genus and species by microbiological automation system 1
Vitek (Biomerieux). The analyses were performed by an
experienced technician from the microbiology laboratory
of the institution who did not have access to subject data
or the requests for interventions. The main bacteria
identified were Pseudomonas aeruginosa, Streptococcus
mitis, Streptococcus pneumoniae, Streptococcus salivarius,
Streptococcus sanguinis, Moraxella catarrhalis, and Sph-
ingomonas paucimobilis.

Statistical Analysis

The sample calculation was based on the simulated cough
machine results from a previous study12 with an SD value
of 3.4 cm, an effect to be detected of 3.84, a power of 90%,
and an � of 5% and resulted in 11 subjects. This study was
conducted with 17 subjects. A possible sequential effect
was initially evaluated using unpaired tests. Because there
was no effect on sequential treatment of patients, the re-
sults were analyzed by comparing the differences between
the treatments in the control group and flutter group. The
data were compared using paired tests, the t test or the
Wilcoxon signed-rank test, depending on the evaluation of

the distribution, and were presented as means and SD. For
cytology and microbiology variables, the size of the effect
was also calculated using Cohen’s kappa coefficient, along
with minimum important difference and Fisher exact test.24

The statistical analysis was performed with GraphPad Prism
6 with the significance level set at 5%.

Results

In the case of a long protocol of 10 weeks, 48 patients
were excluded, as shown in Figure 1. Of the 17 subjects
with non-cystic fibrosis bronchiectasis who were included
in the study, 10 were female and 7 were male, with a mean
age of 54.8 � 13.7 y. 14 subjects had purulent sputum by
macroscopic appearance, and 3 had mucopurulent sputum,
whereas all samples evaluated were adhesive. Table 1 con-
tains data concerning the age, sex, etiology of bronchiec-
tasis, FVC, FEV1, FEV1/FVC, and randomized group of
each participant.

Only one of these subjects showed a negative initial
culture. Of those who had a positive culture, 11 had
P. aeruginosa; 5 had S. mitis; 3 had S. pneumoniae, 2 had
S. salivarius, and one each had S. sanguinis, M. catarrha-
lis, and S. paucimobilis.

Mucociliary Transport

There was no significant difference in the values for
mucociliary transport when evaluating the transport using
the frog palate model between the pretreatment and post-
treatment weeks in the flutter group (0.85 � 0.25 and
0.89 � 0.23, respectively) or the control group (0.76 � 0.21
and 0.80 � 0.31, respectively).

Table 1. Data Concerning Age, Sex, Etiology of Bronchiectasis, FVC%, FEV1%, and FEV1/FVC of Each Participant

Subject number Age (y) Sex Etiology FVC (% predicted) FEV1 (% predicted) FEV1/FVC

1 80 Female Pneumonia of repetition 91 58 0.48
2 65 Male Sequel to tuberculosis 40 24 0.48
3 63 Female Sequel to tuberculosis 57 41 0.60
4 68 Male Pneumonia of repetition 79 29 0.28
5 50 Male Pneumonia of repetition 80 38 0.38
6 57 Female Idiopathic 71 67 0.78
7 36 Male Idiopathic 62 25 0.47
8 55 Female Pneumonia of repetition 61 65 0.88
9 64 Male Pneumonia of repetition 40 19 0.37
10 30 Female Pneumonia of repetition 71 39 0.48
11 61 Female Pneumonia of repetition 58 44 0.63
12 42 Female Pneumonia of repetition 72 49 0.47
13 38 Female Pneumonia of repetition 73 65 0.75
14 64 Male Sequel to tuberculosis 70 25 0.56
15 41 Male Pneumonia of repetition 65 27 0.60
16 68 Female Pneumonia of repetition 70 30 0.30
17 50 Female Pneumonia of repetition 103 76 0.63
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Displacement in the Simulated Cough Machine

There was a statistically different increase in the values
of displacement in a simulated cough machine between the
pretreatment and post-treatment weeks in the flutter group
(9.94 � 3.12 and 13.96 � 5.76 cm, respectively), which
was not obtained in the control group (9.95 � 5.05 and
9.85 � 3.9 cm, respectively) (Fig. 2).

Contact Angle

There was a statistically different decrease in the values
of the contact angle between the pretreatment and post-
treatment weeks in the flutter group (26.5 � 3.21 and
22.76 � 3.64°, respectively), which was not seen in the
control group (26.34 � 2.91 and 26.76 � 4.18°, respec-
tively) (Fig. 3).

Sputum Cytology

There was no significant difference in the values for the
evaluated variables (total number of cells, eosinophils, neu-
trophils, macrophages, and lymphocytes), although a de-
crease in the values between the pretreatment and post-
treatment weeks was verified in both the flutter group and
the control group. Table 2 shows the values of the vari-
ables before and after treatment, along with the effect of
the treatment (95% CI).

When the size of the effect on the flutter group was
evaluated, there was a statistically significant decrease in
the total number of inflammatory cells, which was not
seen in the control group. Figure 4 shows the frequency of
subjects in the flutter group and the control group who had
a decrease greater than the minimum important difference
or an increase or decrease less than the minimum impor-
tant difference in the total number of inflammatory cells.
(Fig. 4).

Microbiology

There was no statistical difference in the number of
colony-forming units/g of secretion, although a decrease in
the values between the pretreatment and post-treatment
weeks was verified in both the flutter group and the con-
trol group. There was no significant difference in the total
number of colony-forming units/g in the pre- and post-
treatment periods.

Fig. 2. Displacement in a simulated cough machine before and
after treatment for the flutter (A) and control (B) groups. Center
lines denote the average, and whiskers show � SD.

Fig. 3. Contact angles in flutter (A) and control (B) groups, before
and after treatment. Center lines denote the average, and whiskers
show � SD.

Table 2. Values of Inflammatory Cell Count Variables Evaluated Before and After Treatments and the Treatment Effect

Values of inflammatory
cell counts

Flutter Control Treatment
Effect (95% CI)Pretreatment After 4 Weeks of Treatment Pretreatment After 4 Weeks of Treatment

Total number (106) 15.17 � 14.32 7.17 � 9.84 16.78 � 15.68 9.08 � 9.40 �8.87 to 9.68
Eos% 2.26 � 2.82 1.62 � 1.78 3.41 � 7.49 3.03 � 4.09 �7.97 to 2.38
Neu% 83.88 � 9.23 81.18 � 21.91 83.21 � 11.88 73.74 � 30.24 �11.22 to 24.74
Mac% 6.82 � 6.05 5.29 � 5.13 7.35 � 9.66 5.74 � 5.88 �4.52 to 4.7
Lym% 6.32 � 5.82 5.68 � 4.25 5.88 � 3.59 5.32 � 5.33 �6.17 to 5.99

Eos% � eosinophils
Neu% � neutrophils
Mac% � macrophages
Lym% � lymphocytes
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Discussion

In this study, mucociliary transport, displacement in the
simulated cough machine, contact angle, the inflammatory
profile, and bacterial counting of respiratory secretions
were evaluated in subjects with bronchiectasis who under-
went treatment with the flutter device compared with a
control device. At the end of the fourth week of treatment
in the samples subjected to treatment with the flutter de-
vice, the results showed an increase in displacement in the
simulated cough machine and a decrease in contact angle,
and this improvement in transport properties is related
with changes in the physical and/or surface mucus prop-
erties. Additionally, the flutter treatment induced a de-
crease in the total number of sputum inflammatory cells
that could be related to a decrease in the mucus stasis.

It is important to note that these improvements in the
transport properties are similar to those in our previous
study,12 but we found an additional beneficial effect in the
inflammatory profile demonstrated by a decrease in the
total number of inflammatory cells after use of the flutter
valve compared with a control or sham group. We spec-
ulate that changes in the properties of respiratory secre-
tions induced by the device, such as the increase in dis-
placement in the simulated cough machine, facilitating
transport and elimination and decreasing the stasis of the
mucus, could also contribute to a decrease in the inflam-
mation.

Spirometry values presented in the results aimed to char-
acterize the patients population. It is worth mentioning that
the initial protocol found no changes in pulmonary func-
tion values after daily use of the device for the 4 weeks.

Our findings are in agreement with previous studies
with this device, which compared the flutter device with
autogenic drainage and positive expiratory pressure. The
studies reported improvement in the transport indexes of
respiratory secretions after 4 weeks in subjects with cystic
fibrosis and bronchiectasis.11,12,17 Besides improvement of
transport indexes or rheological properties,11,14,15 previous
studies in subjects with bronchiectasis have also found
improvements in expectorated volume,11,25,26 lung func-
tion,11,25-27 and acceptability of the technique.28

We also found that there was a reduction in the vari-
ables in sputum bacterial colony counts in both the flutter
valve and control groups. This effect in the controls may
be related to the improved health care provided to the
subjects. Although the device was used without the steel
ball inside, subjects did undergo 30 min of daily breathing
exercises without resistance or oscillation, always followed
by coughing. The lack of significant results with differen-
tial inflammatory cells and microbiology may be related to
the sample calculation, which was performed with the dis-
placement of respiratory secretions as the evaluated vari-
able and may have underestimated the variability in cy-
tology and microbiology measurements.

The pathophysiology of bronchiectasis is related to the
continuous inflammatory process,3 and neutrophils are the
predominant cells in the respiratory secretions of patients
with stable bronchiectasis.29,30 As in other studies, we have
demonstrated a high percentage (�60%) of neutrophils in
sputum3,23,31 and observed a reduction in these cells fol-
lowing treatment of 3% in the flutter group and 9% in
controls.

The sputum of patients with bronchiectasis may vary
from mucoid to purulent, and this is related to infections
caused by bacteria such as Haemophilus influenzae,25,32

S. pneumoniae, M. catarrhalis, and P. aeruginosa.33 In our
study, all samples obtained were evaluated and classified
as purulent and adhesive. This resulted in a more homo-
geneous group of samples, excluding the interference of
the macroscopic aspect and the adhesiveness of the ana-
lyzed variables.

Assuming that germs S. mitis, S. salivarius, and S. san-
guinis are colonizers of the oral cavity and therefore are
correlated with contamination of respiratory secretion, our
findings are consistent with previous studies, which con-
cluded that the organisms most frequently found in patients
with bronchiectasis are P. aeruginosa, M. catarrhalis, and
S. pneumoniae.3,30,34-36 Colonization by P. aeruginosa is as-
sociated with a more rapid decline in lung function, morbid-
ity, and mortality.3,37,38 We found a reduction in colony-
forming units of 53% in the flutter group and 48% in the
control group, although these differences were not signifi-
cant.

Nicolini et al39 compared the technique of high-frequency
oscillation with the use of the Vest airway clearance sys-

Fig. 4. Flutter (A) and control (B) subjects who obtained total in-
flammatory cell count reductions greater than the minimal impor-
tant difference versus those who obtained either a lesser reduction
than the minimal important difference or an increase in total in-
flammatory cell count.
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tem in subjects with bronchiectasis. They found that in
addition to improvement in the parameters of pulmonary
function and dyspnea, high-frequency thoracic oscillation
was also capable of reducing systemic inflammation (de-
crease in C-reactive protein) and the percentage of neu-
trophils after 15 d of treatment lasting 30 min/session,
twice a day.39 The main contribution of our results and
those of Nicolini et al39 is the therapeutic potential of
respiratory therapy in patients with bronchiectasis, because
both studies demonstrate the possibility of bringing about
improvements in the inflammatory process of respiratory
secretions as well as systemic inflammation in patients
with bronchiectasis.

There are limitations to this work. The assessment of the
degree of inflammation in the airways could have been
complemented with the use of systemic inflammatory mark-
ers. In addition, the quality of life and sputum amount
quantity could have been evaluated.

In addition, there were many patients excluded from the
protocol. It is important to note that much of this exclusion
did not happen during the protocol but previously. Most
exclusion did not provide enough respiratory secretion to
the different evaluations. However, the sample size is in
accordance with the sample calculation performed previ-
ously. The sample calculation was conducted with a power
of 90% and � of 5%, which resulted in a total of 11
subjects.

Conclusions

The use of the flutter device for 30 min daily for at least
4 weeks in subjects with bronchiectasis was able to im-
prove the physical properties of respiratory secretions and
enhance transport by coughing and led to a reduction in
the total number of inflammatory cells in the respiratory
secretions.

REFERENCES

1. Fahy JV, Schuster A, Ueki I, Boushey HA, Nadel JA. Mucus hy-
persecretion in bronchiectasis. The role of neutrophil proteases. Am
Rev Respir Dis 1992;146(6):1430-1433.

2. Moreira JS, Porto NS, Camargo JJP, Felicetti JC, Cardoso PFG,
Moreira ALS, et al. Bronquiectasias: aspectos diagnósticos e tera-
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