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BACKGROUND: Airway clearance techniques are a vital part of routine care for patients with
bronchiectasis. There is no clear superior modality. The Flutter combines oscillations (6–20 Hz) and
positive expiratory pressure; the Lung Flute combines positive expiratory pressure and low fre-
quency acoustic waves (18–22 Hz), to augment clearance. This project aimed to compare these
devices. METHODS: This was a randomized crossover study of adult subjects with stable non-
cystic fibrosis bronchiectasis (expectorating > 25 mL/d). Subjects attended 2 separate out-patient
visits, 1 week apart, and completed a supervised sputum clearance regime and Lickert scale (8
questions regarding subjects’ perception of the experience using each device). Total sputum expec-
torated during supervised intervention (T1) and after 30 min from the end of T1 (T2) was recorded
as wet sputum weight. Total wet sputum weight desiccated in a microwave (10 min at 300 watts),
allowed measurement of total dry sputum weight. Data were compared using paired t test. RESULTS:
We recruited 40 subjects with a mean � SD age of 63 � 16 y. Overall, there was no significant
difference in wet sputum weight (Flutter, 5.78 � 6.47 g; Lung Flute, 5.75 � 0.22 g) and dry sputum
weight (Flutter, 0.40 � 0.86 g; Lung Flute, 0.22 � 0.21 g). At T1, wet sputum weight was higher for
the Flutter (5.10 � 6.26 g) compared with the Lung Flute (3.74 � 3.44 g) (P � .038). At T2, wet
sputum weight was higher for the Lung Flute (2.02 � 3.01 g) compared with the Flutter (0.68 � 0.75 g)
(P � .001). Subjects perceived the Flutter as being significantly better at clearing secretions (P �
.01), easy to understand (P � .03), and simple to use (P � .01) compared with the Lung Flute.
CONCLUSIONS: Both devices were well-tolerated and successfully augmented secretion clearance.
Most subjects preferred the Flutter because of increased speed of secretion clearance, and greater
ease of use. Key words: respiratory devices; sputum expectoration; bronchiectasis. [Respir Care
2017;62(10):1291–1297. © 2017 Daedalus Enterprises]

Introduction

Bronchiectasis is a lung disease characterized by re-
peated cycles of airway infection and inflammation that

ultimately result in airway and lung parenchyma destruc-
tion. Bronchiectasis is associated with damaged ciliated
epithelium and compromised mucociliary clearance.1 In
the affected areas, there is excess production of mucus due
to glandular hyperplasia. The mucus becomes colonized
by bacteria and then hyperviscous and purulent. Impaired
clearance of this mucus predisposes to mucus retention
and recurrent respiratory infections.1

Airway clearance techniques are integral to the man-
agement of bronchiectasis, clearing conducting airways,
improving pulmonary ventilation, and reducing cough and
breathlessness.2 Respiratory therapists and physiotherapists
use a spectrum of airway clearance maneuvers such as
active-cycle-of-breathing technique with or without grav-
ity-assisted drainage and manual techniques as well as
positive pressure devices with or without oscillations.2
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These techniques are used in combination with forced ex-
piration technique to move the mobilized secretions to
proximal airways to be cleared, which then may require
subsequent cough.3 Active-cycle-of-breathing technique,
gravity-assisted drainage, and manual techniques are often
difficult for elderly patients and those with severe disease due
to comorbidities and reduced respiratory muscle and cough
strength.4,5 Any effective secretion clearance regime needs to
be able to be performed independently, be integrated into
normal daily activities, and be cost-effective.

Several airway clearance devices are commercially avail-
able to aid in sputum expectoration and optimizing out-
comes, but to date, no single device has demonstrated
clear superiority.6 The Flutter (Aptalis Pharma, Bridgewa-
ter, New Jersey) and the Lung Flute (Medical Acoustics,
Buffalo, New York) are 2 commercially available intratho-
racic oscillatory positive expiratory pressure (PEP) de-
vices designed to augment sputum expectoration. The pres-
sure generated by PEP during expiration stabilizes airways,
assists mucus movement, and prevents airway closure,
thereby improving ventilation.4,7 In addition, studies using
the Flutter found that oscillatory waves with varying fre-
quencies are transmitted through the airways, resulting in
shearing forces that reduce viscoelasticity of bronchial se-
cretions8 and easier transportation.9 The frequencies for
the Lung Flute are also similar to those for the Flutter;
however, these 2 devices have never been compared.

The Flutter ($68) is a pipe-like device with a hardened
plastic mouthpiece at one end, a protective perforated
cover at the other end, and a high-density stainless steel
ball resting in a plastic circular cone on the inside
(Fig. 1). As the subject exhales through the Flutter, the
steel ball is intermittently displaced, causing oscillations
of air flow and PEP, which are transmitted down the tra-
cheobronchial tree.4 PEP develops in the range of
10–25 cm H2O at an oscillatory frequency of approxi-
mately 15 Hz. Tilting the device adjusts the frequency to
achieve the greatest amount of airway vibration (the indi-
vidual’s pulmonary resonance frequency).4 The Flutter has
been shown to increase sputum expectoration and to di-
minish peripheral airway resistance in addition to cough in
subjects with bronchiectasis.10 However, when compared
with combinations of gravity-assisted drainage and active-
cycle-of-breathing technique, it has demonstrated no ad-
vantage in terms of sputum expectoration, oxygen satura-
tion, spirometry measures, health-related quality of life, or
breathlessness in patients with bronchiectasis.11-13 One
study showed, a greater subject preference for the Flutter
compared with active-cycle-of-breathing technique with
or without gravity-assisted drainage. Patients with low ex-
piratory flows may find it difficult to generate oscillatory
PEP with the Flutter.14 In addition, some patients do not
like the feeling experienced when expiring through the
Flutter and find the oscillating wave uncomfortable.

The Lung Flute ($56, including 14 reeds) is a relatively
new device that uses sound waves to vibrate airway se-
cretions. The Lung Flute has a mouthpiece and replaceable
reed inside a 36.8-cm-long plastic tube (Fig. 2). Unlike the
Flutter that uses oscillatory back pressure, the Lung Flute
has a unique mechanism based on acoustic energy that
may benefit subjects with low expiratory flows who may
find the Flutter difficult to use. Exhaling into the Lung
Flute needs to be vigorous enough to make the reed os-
cillate. The oscillation of the reed generates sound waves
of 16–22 Hz with an output of 110–115 dB using
2.5 cm H2O of PEP.15 The sound waves are propagated
down the tracheobronchial tree and vibrate the secretions.
This enhances mucociliary clearance.15 The Lung Flute
has been shown to be as effective as active-cycle-of-
breathing technique on sputum expectoration in a single
short (3 day) study in subjects admitted to the hospital with
an infective exacerbation of bronchiectasis, but no longer-
term or comparative studies have been published to date.16

This study aimed to compare the efficacy of sputum expec-
toration and subject acceptability of the Flutter and the Lung
Flute in adults with stable, productive bronchiectasis.

Methods

Study Population

Consecutive patients over the age of 18 y with stable
non-cystic fibrosis bronchiectasis (diagnosed on high-res-
olution computed tomography) and productive of � 25 mL
of sputum/d attending the Bronchiectasis Clinic at Con-
cord Repatriation General Hospital (Sydney, Australia)
were invited to participate in the study between March
2013 and July 2014. The study was approved by the Con-
cord Repatriation General Hospital Human Research and

QUICK LOOK

Current knowledge

A number of devices have been developed that use
oscillatory positive expiratory pressure to enhance mu-
cus clearance in bronchiectasis. Patient comfort is im-
portant in promoting compliance with secretion clear-
ance regimens. Low expiratory flows reduce the
effectiveness of these devices.

What this paper contributes to our knowledge

Both devices were well-tolerated and augmented secre-
tion clearance. However, subjects perceived the Flutter
as more useful because it was easier to use and faster at
clearing secretions.
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Ethics Committee (LNR/12/CRGH/188), and informed
consent was obtained from all subjects. The research pro-
tocol has been listed in the Australia New Zealand Trials
Registry, available at www.ANZCTR.org.au, under the
identification number ACTRN12614001072606.

Patients were excluded if they were unable to perform
airway clearance with the respiratory devices, were unable
to complete a questionnaire in English, had intercurrent
pneumothorax or hemoptysis, or experienced an exacer-
bation of bronchiectasis (in the 4 weeks before or during
the study) that required a change in treatment.

Study Design

After attending the bronchiectasis clinic appointment,
baseline spirometry was done. This was a randomized cross-
over study, where each subject received both treatments
(Flutter and Lung Flute) and each acted as their own con-
trol. The order of treatment was chosen by computer-gen-
erated randomization with concealed allocation. The trial in-
volved 2 sessions with the allocated sputum clearance device,
1 week apart (Fig. 3). The 2 sessions were delivered at the
same time of the day. Maintenance medications were con-
tinued throughout the trial. Subjects were advised to withhold
usual airway clearance for 24 h before attendance.

Each visit consisted of a supervised treatment session (T1)
using either the Flutter or the Lung Flute and a 30-min rest
period (T2). To minimize variability within and between sub-

jects, all treatments were supervised and administered by the
same senior respiratory physiotherapist. Subjects were in-
structed to clear secretions without swallowing, and all spu-
tum expectorated was collected during both T1 and T2. Dur-
ing the treatment sessions, the subjects were seated on a
chair, maintaining good posture, the neck and shoulders re-
laxed with the elbows resting on a table (see Figs. 1 and 2).

Physiotherapy with the Flutter was performed according
to manufacturer’s instructions (http://www.allergan.com/
assets/pdf/flutter_pi, Accessed June 2, 2017). The Flutter
treatment session required each subject to inhale more
deeply than usual and hold this breath for 2–3 s. Then the
subject was instructed to place the mouthpiece of the Flut-
ter into the mouth and exhale, keeping the cheeks stiff and
suppressing the urge to cough. All subjects were asked to
stabilize the cheeks with the free hand to prevent oscilla-
tions of the cheek, for consistency of the technique (Fig.
1). During expiration, the subject was instructed to tilt the
Flutter upwards and downwards by a few degrees to in-
duce maximum oscillations within the chest wall. This
cycle was repeated 5–10 times, suppressing the urge to
cough. The subjects were then instructed to inhale deeply
and to exhale forcefully through the Flutter 1–2 times,
followed by a forced expiration technique to eliminate
secretions. The cycle of Flutter and forced expiration tech-
nique was repeated until the subject had a dry-sounding
huff. This was the defined end point (T1). If this defined
end point was not achieved within 30 min, the session was
judged complete.

Fig. 1. Flutter. Fig. 2. Lung Flute.
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Physiotherapy with the Lung Flute was performed
according to manufacturer’s instructions (http://www.
lungflute.com/Therapeutic.aspx, Accessed June 2, 2017).
The Lung Flute treatment session required each subject to
inhale more deeply than usual. Then the subject was in-
structed to place the mouthpiece of the Lung Flute into the
mouth in a downward position (Fig. 2). The subject would
then exhale into the device, with enough vigor (as if trying
to blow out a candle) to make the reed oscillate, causing a
fluttering noise. After exhaling into the Lung Flute twice,
subjects would remove the mouthpiece and take 5 normal
breaths. This was repeated 10 times, followed by 2 or 3
mid-to-low-volume huffs and coughs to complete 1 cycle.
The whole cycle was repeated one more time. After the nor-
mal breaths at the end of the second cycle, the subject per-
formed mid-to-low-volume huffs until the subject had a dry-
sounding huff. This was the defined end point (T1).

Following the end of the treatment session (T1), sub-
jects were instructed to sit on a chair and rest for 30 min
(T2). If the subjects felt the need to cough or clear secre-
tions spontaneously during T2, all sputum expectorated
was collected.

Outcomes and Measurements

Expectorated wet sputum weight is an accepted, simple,
noninvasive short-term clinical outcome measure of air-
way clearance.17 Dry sputum weight is considered a more
accurate assessment of sputum weight than wet sputum
weight because saliva, in varying quantities, can dilute the

expectorated sputum.18,19 To evaluate the effectiveness of
airway clearance, the primary outcome measures will be the
expectorated weight of wet and dry sputum. The secondary
outcome measure was subject acceptability and tolerability of
the devices. Both outcome measures were evaluated by an
assessor who was blinded to the device used.

Wet sputum weight was measured using an A&D HL-i
Digital Compact Scale (accurate to 200 � 0.1 g). A pre-
weighed cup was given to each subject, and the cup and
sputum contents were re-weighed to calculate the sputum
weight. The wet sputum collected throughout T1 (A) and T2
(B) were noted as T1 wet sputum weight and T2 wet sputum
weight (Fig. 3). The total wet sputum weight was obtained by
adding together T1 and T2 wet sputum weight.

There are no clear guidelines to obtain absolute dry
sputum weight. Microwave drying has been shown to have
the advantage of significantly shortening the drying pro-
cess by automatically adjusting the energy absorption lev-
els of the wet products.20 Two previous studies had used
500 watts for 30 min to obtain dry sputum weight from
wet sputum weight samples � 10 g.18,19 It was not clear
whether this same methodology could be used to desiccate
smaller sputum samples for this study. A pilot trial was there-
fore conducted, and it was noted that quantities of sputum
� 10 g scorched during the final stages of the drying process.
Wattage and drying time were consequently reduced, and the
total wet sputum weight was desiccated in a microwave at
300 watts for 10 min to determine the total dry sputum weight.
Samples � 10 g were divided into smaller portions, and the
process was repeated as described.

Fig. 3. Flow chart. At each supervised visit, subjects used the device until dry or until 30 min had passed. Expectorated sputum was then
collected (A). After a 30-min rest period, expectorated sputum was collected again (B).
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Subject acceptability and tolerability was assessed at
end of T2 by asking the subjects to complete a Likert scale
used by Eaton.12 A Likert scale included usefulness, ease
of understanding of instructions, ease of performance, de-
gree of tiredness, discomfort, time consumption, interfer-
ence with everyday life, and embarrassment (1 � extremely
satisfied, 7 � not at all satisfied). At the completion of the
final visit, the subjects were asked to state their preferred
clearance technique.

Statistical Analysis

A sample size of 34 subjects in each group was needed to
detect an effect size within subjects of 0.5 SD between treat-
ments, allowing for a type-1 error of 5% and a statistical
power of 80%.20 Data were analyzed using SPSS 21 (IBM,
Armonk, New York). Differences in Likert scales between
treatments were computed and, because these were approxi-
mately normally distributed, are summarized as mean differ-
ences with 95% CI in Figure 4. P values were computed using
paired t tests and, where there were extreme values, a Wil-
coxon signed-rank test. Statistical significance was set at
P � .05.

Results

Forty subjects were recruited, and all completed the
study. Subject characteristics are listed in Table 1. All
subjects, when using either device, reached the end point
of T1 within 20–25 min.

The mean weight of sputum expectorated while using
the devices (T1 wet sputum weight) was significantly
greater with the Flutter compared with the Lung Flute.
However, the mean sputum expectorated 30 min after com-
pletion of using the devices (T2 wet sputum weight) was

significantly greater with the Lung Flute compared with
the Flutter. Overall, there was no significant difference in
the total wet sputum weight and dry sputum weight for
sputum cleared using either device (Table 2).

The subjects perceived Flutter to be significantly more
useful for clearing secretions, easy to understand, and simple
to use (Fig. 4). The Flutter tended to be less tiring and em-
barrassing to use compared with the Lung Flute; however,
this was not significant. Both devices were perceived as time-
consuming, uncomfortable to use, and interfering with everyday
life (Fig. 4). At the completion of the study, in response to a
specific enquiry regarding preference, 25 preferred the Flutter, 4
preferred the Lung Flute, and 11 were non-committal.

Discussion

This is the first study to compare the efficacy of the
Flutter and the Lung Flute in subjects with stable non-
cystic fibrosis bronchiectasis expectorating � 25 mL of
sputum/d. The amount of sputum expectorated is an out-
come measure of key importance to subjects. Both devices

Fig. 4. Likert scale response to the 2 devices.

Table 1. Subject Characteristics

Characteristics Values

Male/female sex, n 11/29
Age, mean � SD y 63 � 16
FEV1, mean � SD L 1.52 � 0.75
FEV1, mean � SD % predicted 66.5 � 30.1
FVC, mean � SD L 2.31 � 0.79
FVC, mean � SD % predicted 80.9 � 23.7
FEV1/FVC, mean � SD 0.66 � 0.19

N � 40.
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helped this small cohort of stable subjects to clear airway
secretions. There were no significant differences in the
total amount of sputum cleared by individual subjects (wet
sputum weight and dry sputum weight) using either de-
vice, implying that both help to clear excess secretions.
However, subjects were able to expectorate sputum to end
point (no further spontaneous expectoration and a dry-
sounding huff) more quickly with the Flutter.

There are several plausible explanations for this more
time-efficient clearance. The Flutter produces a 10-fold
higher PEP than the Lung Flute (10–25 cm H2O compared
with 2.5 cm H2O). The higher PEP stabilizes the airway
during expiration and prevents collapse of the floppy bron-
chiectatic airway, accelerating expiratory air flow and mov-
ing mucus upward to the trachea. The Flutter generates a
high peak expiratory-inspiratory flow ratio � 1.1.21 This is
considered the critical ratio required for annular flow of
secretions toward the oropharynx.21 The Flutter is designed
specifically to produce a mean oscillation frequency of
11.3 Hz, which is close to the optimal frequency range to
facilitate mucociliary clearance in human airways.22 This
oscillation frequency has the added potential to alter the
physical properties of mucus, which in combination with
the splinting of the airways by PEP and the high expira-
tory-inspiratory flow may assist sputum expectoration.9

The Lung Flute also augments sputum clearance.
In this study, use of the Lung Flute facilitated sputum
expectoration throughout the time period, and this clear-
ance continued into the last 30-min period (T2). This was
longer than the time to dry for the use of the Flutter and
similar to the delayed clearance reported by Fujita et al23

when the Lung Flute was used for sputum induction for
subjects with suspected tuberculosis. There are several plau-
sible explanations for the prolonged time to dry with Lung
Flute. The Lung Flute generates lower PEP (2.5 cm H2O)
than the Flutter; therefore, the air pressure applied per unit
area of lung is lower, and there is the potential for dynamic
airway collapse during expiration and secretions intermit-
tently trapped distal to this collapse. The prolonged time to

dry was identified by our subjects as a disadvantage of the
Lung Flute. Additionally, the Lung Flute was perceived to
be more expensive than the Flutter because a reed requires
replacement every 2 weeks, with each additional replace-
ment reed kit (14 reeds) retailing for $16.

Assessment of device efficacy was based on the amount of
sputum produced within the treatment time period because it
is directly visible for the subjects. This is important because
one of the potential effects of airway clearance is to make the
sputum clearance more efficient for the subject. Both devices
were well-accepted and well-tolerated. Subjects perceived the
Flutter to be significantly more useful for clearing secretions,
probably because the secretions were cleared quickly, and
therefore the clearance regime took less time (in a highly
burdensome and time-consuming daily routine) and provided
longer cough-free intervals. The verbal instructions for Flut-
ter were perceived by subjects as easier to understand, and
this device was perceived as simpler to use.

A systematic review on non-cystic fibrosis bronchiec-
tasis has reported that oscillatory PEP devices are the pre-
ferred mode of therapy compared with other techniques,
such as active-cycle-of-breathing technique with or with-
out gravity-assisted drainage.13 Both devices in this study
augmented secretion clearance. However, if subject pref-
erence is included, then Flutter is much preferred on the
basis of speed of expectoration of clearance and several
features that make the Flutter device easier to use. Due to
this reason, we suggest that if a patient cannot tolerate
other devices or techniques that assist with faster clear-
ance, the Lung Flute can be offered as an alternative de-
vice. Each patient should have the opportunity to experi-
ence each therapy and choose their preferred modality.
Patient preference for the device reflects a balance of com-
fort, convenience, ease of use, and efficacy.

There were limitations to this study. We acknowledge
that this is a short-term trial, and it forms the basis of
planned long-term studies. Future long-term trials are
planned with other important end points evaluating exac-
erbation rates, exercise tolerance, and quality of life.

Because a systematic review has reported that airway
clearance techniques, such as oscillatory PEP, active-cycle-
of-breathing technique, and gravity-assisted drainage, en-
hanced sputum expectoration compared with no treatment
in subjects with bronchiectasis, we believed that it would
be unethical to have a no-treatment control group in this
study.6 Flutter has been shown to augment sputum expec-
toration in addition to huff and coughing alone.10 It was on
this basis that each subject in this study acted as their own
control when using the devices.

Eight subjects in the current study had used or were pres-
ently using the Flutter. No subject had previously used the
Lung Flute because it was a new device in the market. There
may have been some degree of bias toward the Flutter by
subjects who had previously used it. However, 2 subjects in

Table 2. Comparison of Total Sputum Expectorated With Each Device

Parameter

Sputum Weight,
Mean � SD g Mean Difference

(95% CI)
P

Flutter Lung Flute

T1 WSW 5.10 � 6.26 3.74 � 3.44 �1.36 (�3.0 to 0.2) .038
T2 WSW 0.68 � 0.75 2.02 � 3.01 1.34 (0.5–2.2) �.001
Total WSW 5.78 � 6.47 5.75 � 0.22 �0.03 (�1.8 to 1.8) .91
Total DSW 0.40 � 0.86 0.22 � 0.21 0.18 (�0.5 to 0.1) .76

T1 � during supervised intervention
WSW � wet sputum weight
T2 � 30 min from the end of T1
DSW � dry sputum weight
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this study who had previously used the Flutter preferred the
Lung Flute because they found the oscillatory wave when
expiring through the Flutter uncomfortable.

Using sputum weight as an outcome measure has its
limitations due to day-to-day variability, within-day vari-
ability, and swallowing of secretions.24 The subjects in this
study were accustomed to expectorating sputum, and the
treatment session was supervised by a physiotherapist who
discouraged subjects from swallowing sputum. The con-
tamination of saliva can be eliminated using dry sputum
weight. However, mucus density can be different among sub-
jects and people with thick mucus, and a reduced volume of
sputum may present with the same dry weight as those with
thin mucus and a higher volume of sputum. In addition, there
is no valid or reliable test to assess dry sputum weight. How-
ever, the crossover design and daily sessions conducted at the
same time of day helped to ensure greater within-subject
accuracy for dry and wet sputum weight results.

A review of the limited evidence of the efficacy of sputum
clearance techniques in subjects with COPD showed airway
clearance techniques to be useful only in subjects who pro-
duce � 25 mL (1 tablespoon) of sputum/d.25 For this rea-
son, we included subjects with bronchiectasis who pro-
duced � 25 mL of sputum/d, because it is unclear whether
airway clearance assists subjects with bronchiectasis who
have scant secretions.

Conclusions

In this single-center randomized crossover study of sta-
ble subjects with bronchiectasis, both the Flutter and the
Lung Flute augmented airway clearance effectively. Most
subjects expressed a preference for the Flutter because it
was easier to use and seemed to clear secretions faster.
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