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Abstract ~ OBJECTIVES: Chronic obstructive pulmonary disease (COPD) is associated with a higher risk of pulmonary infections. This risk not only
negatively affects patients’ quality of life but also increases social and health costs. Hence, there is a need for an effective rehabilitative
treatment including airway clearance. The aim of this pilot study was to evaluate the efficacy of a new tool for bronchial clearance based
on expiratory flow accelerator (EFA) technology compared with positive expiratory pressure (PEP) treatment.

MATERIALS AND METHODS: Twenty stable patients with COPD, Global Initiative for Chronic Obstructive Lung Disease 3—4 stage, were
enrolled and allocated to treatment with EFA or Bubble-PEP (BP) for 20 days during a pulmonary rehabilitation program. At baseline and
the end of treatment, the following parameters were measured: arterial blood gases (ABG); respiratory function, including peak cough
expiratory flow (PCEF), maximal inspiratory pressure (MIP), and maximal expiratory pressure exercise capacity using the 6-minute walk
test (6MWT), dyspnea using the Medical Research Council scale, and quality of life using the St. George’s Respiratory Questionnaire.

RESULTS: Expiratory flow accelerator showed a significant pre- and post-improvement in ABG and a significantly greater improvement
than BP in PCEE, MIP and 6MWT post-treatment.

CONCLUSION: Expiratory flow accelerator is a valid device compared with BP as an adjunctive therapy for the treatment of patients
with severe COPD.

KEYWORDS: Chest physiotherapy, chronic obstructive pulmonary disease, expiratory flow accelerator technology, positive expiratory
pressure
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a chronic and progressive lung disease characterized by chronic airflow
limitation caused by a mixture of diseases of the small airways and parenchymal destruction [1]. Chronic inflammation
induces structural changes, narrows the small airways, and leads to the destruction of lung parenchyma [2]. Narrowing and
leakage of small airways may also contribute to airflow limitation and mucociliary malfunction [1-3]. Several studies have
highlighted the fact that hypersecretive patients with impaired bronchial clearance are more exposed to pulmonary infec-
tions [3-6]. This risk negatively impacts not only patients” quality of life but also social and healthcare costs [1-6]. The need
for an efficient rehabilitative treatment aimed at bronchial secretion clearance has been established [7, 8]. Airway clearance
techniques (ACTs) are techniques involving the external application of forces to clear pulmonary secretions from the lung.
There are many types of ACTs used in clinical practice including conventional chest physiotherapy (postural drainage and
percussion), breathing exercises, positive expiratory pressure (PEP) devices, and mechanical devices that are applied exter-
nally (e.g., high-frequency chest wall oscillation). ACTs may affect sputum transport by relative changes of lung volume, gas
flow, pulmonary pressure, and compressive forces [9]. PEP increases sputum and facilitates expectoration [10, 11]. There is
evidence supporting the effects of these techniques on mucus clearance in patients with COPD [9, 12].

A new type of ACT expiratory flow accelerator (EFA) is utilized by the device introduced in 2009, named Free Aspire®
(MPR-Legnano, Italy), and is based on years of research on the respiratory and clearance system. Removal of respiratory
secretions via the creation of a “vacuum” effect by expiratory flow acceleration has been found to be effective and safe
in patients with COPD and neuromuscular diseases, as well as in pediatric patients [13, 14]. Free Aspire (Figure 1) is an
Italian patented device using EFA technology, designed for the non-invasive removal of mucus secretions in adult and
pediatric patients with impaired capacity to cough or expectorate [13, 14]. Several studies [15-19] showed that EFA is one
of the fundamental mechanism for improving clearance [17-19].
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This technology favors the passive expiratory flow accelera-
tion during a tidal volume breath, without generating nega-
tive pressures in the site interfacing the airways. The indi-
vidual, while spontaneously breathing, can be connected to
the machine through a mask or a mouthpiece. The subject is
asked to breathe through the mouthpiece (with a nose clip on
the nose) and, if on oxygen therapy, to use the mask with a
connection to the oxygen source. The airflow generated by a
compressor is directed to a valve, through which the subject
breathes at tidal volume. By adjusting the valve, the expired
air is accelerated due to the Venturi effect [13, 14]. The aim
of the present study was to evaluate the effectiveness of EFA
in improving the bronchial clearance in patients with severe
COPD, in comparison with a PEP system, in the therapist
made bubble-PEP (BP).

MATERIAL AND METHODS

Study Design

This was a pilot randomized parallel clinical trial. The study
was conducted at the outpatient clinic of the Pulmonology
and Rehabilitation Unit at Cuasso al Monte Hospital, Italy
from August 1, 2016 to November 30, 2016. The study was
approved by the local ethics committee and registered at
the Chinese Clinical Trial as ChiCTR-INR-16009518 in ac-
cordance with the Declaration of Helsinki. Written informed
consent was obtained from all of the patients to participate
in the trial. This clinical trial included stable patients with
severe COPD, with daily chronic sputum of 210 mL over the
previous year, who were not practicing any regular ACT or
pulmonary rehabilitation program.

Patients

Thirty-eight patients with severe stable COPD were screened.
Eighteen patients who did not fulfill the inclusion criteria
were excluded from the study (FEV, >50% of predict). A total
of 20 patients were enrolled into the study (Figure 2). COPD
was diagnosed according to the Global Initiative for Chronic
Obstructive Lung Disease (GOLD) criteria, and patients were
assessed as having severe to very severe COPD stage 3-4
(C-D on the COPD patient staging assessment tool) [2, 7, 8].
All patients were under treatment with a combination of long-

FREE ASPIRE

Figure 1. Efa device (it was used with the permission of MPR
company)

acting beta-agonists and long-acting muscarinic antagonists.
No changes in therapy were made in the month prior to the
study. Inclusion criteria were COPD GOLD stage 3-4 (C and
D), bronchial encumbrance as defined by the patient medical
history, clinical examination, and chest auscultation. Exclu-
sion criteria were presence of tracheostomy, previously diag-
nosed bronchial asthma, bronchiectasis, exacerbations in the
previous 2 months, cardiac arrhythmias, respiratory failure,
mechanical ventilation, recent spontaneous pneumothorax,
costal fractures or orthopedic impairments, inability to fill out
the questionnaire, and absence of written informed consent.
Participants who met the inclusion criteria were allocated to
one of two groups following a randomization schedule gen-
erated by an independent statistician using an online random
sequence generator from http://www.randomization.com.
To prevent selection bias, the allocation sequence was hid-
den from the investigators and patients in numbered, opaque
sealed envelopes. The patients and physiotherapists were not
blinded to patients’ allocation group. Each group of patients
was treated by a different chest physiotherapist. The statisti-
cian, not involved in the study, as well as the chest physicians
were blinded to treatment assignments.

Protocol

Baseline Assessment

At baseline, patients’ demographic, anthropometric, respira-
tory, and cardiac parameters were recorded (respiratory rate,
heart rate, and oxygen saturation). In addition, patients were
performed respiratory function tests: forced vital capacity
(FVC), forced expiratory volume in 1 s (FEV,), FEV /FVC%, to-
tal lung capacity (TLC), residual volume (RV), maximal inspira-
tory pressure (MIP), maximal expiratory pressure (MEP), peak
cough expiratory flow (PCEF), arterial blood gases (ABG) (PaO,,
PaCO,, and pH), exercise capacity using the 6-minute walk
test (6MWT), and dyspnea using the Medical Research Council
(MRC) scale. Pulmonary function tests were performed using a
computed body plethysmography (VMax 20 PFT Sensor Med-
ics, Yorba Linda, CA, USA) according to the American Thoracic
Society (ATS)/European Respiratory Society (ERS) guidelines
[18]. Inspiratory muscle strength was assessed by measuring the
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Figure 2. Study flow chart
COPD: chronic obstructive pulmonary disease; PEP: positive expiratory pressure
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MIP at RV. Expiratory muscle strength was also measured at MEP
at TLC. PCEF was used to evaluate cough effectiveness. The best
value obtained from at least three efforts was used. All mea-
surements were obtained with the patient in the upright position
[19]. Functional exercise capacity was measured by the 6MWT
according to the ATS Guidelines [20]. The patients were guided
to walk back and forth in a 30 m corridor. Modified Borg Dys-
pnea Scale, respiratory rate, and heart rate were recorded along
with the total walking distance at the end of 6 min. At least two
tests were performed, and the best values were recorded [21].
The MRC scale [22] was used to evaluate the variations in dys-
pnea, and the St. George’s Respiratory Questionnaire (SGRQ)
[23] was used to evaluate the quality of life.

Rehabilitation Program

The whole sample (experimental and control groups) fol-
lowed a supervised pulmonary rehabilitation protocol (PRP)
consisting of daily exercise sessions lasting 30 min, 5 days/
week, for a total of 20 days. The PRP included endurance
training consisting of walking on a treadmill or along a cor-
ridor twice a day. Exercise programs and workload intensity
were targeted at 60%—-85% of the maximal workload informa-
tion gathered from 6MWT. The PRP sessions included upper
and lower limb strengthening and breathing exercises (0.5-1
kg dumbbell/Cosfer dumbbell sets) and cycle ergometer and
training for 30 min. Workload intensity was increased in ac-
cordance with each patient’s improvement [24]. In addition,
the EFA group received three supervised physiotherapy ses-
sions with the EFA device, and the PEP group received three
supervised physiotherapy sessions with the PEP bottle. Each
group was followed by a different chest physiotherapist who
provided supervised physiotherapy intervention.

EFA Group

Expiratory flow accelerator (Free Aspire®) utilization lasted
30 min twice a day and followed a protocol previously pub-
lished [12, 13]. The session was performed with the patient
in the right and left lateral recumbent positions for 15 min
for each side.

Table 1. Baseline characteristics of the two study groups?

PEP bottle group (n=10)

Age years 70.3+8.03
FVC, L (%) 48.06+12.88
FEV,, L (%) 190+39.16
FEV /FVC (%) 48.06+12.88
TLC, L (%) 316.23+124.22
RV, L (%) 48.06+12.88
PCEF L/min 190+39.16
MRC scale (0-4) 3.3+1.16
6MWT, m 316.23+124.22
Respiratory rate 15+2
Heart rate 79+6
Oxygen saturation % 94+2
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BP Group

Bubble-PEP utilization was performed using 5 cm of water
[25-27]. The patient was asked to breathe slowly and con-
tinuously, with a tele-inspiratory apnea of 3-5 s duration,
followed by a continuous and non-forced expiration, strong
enough to produce bubbles in the water (visual and audi-
tory feedbacks). Each session lasted 30 min and was per-
formed with the patient in the right and left lateral recumbent
positions twice a day [25-27]. Both of the two devices are
checked and suitable in patients with emphysema with or
without bullae [28, 29].

Outcomes and Measurements
The primary outcomes were changes in:

e ABG (PaO,, PaCO,, and pH),

e PCEE

The secondary outcomes were changes in:

e Respiratory muscle strength: MIP and MEP
e  Exercise capacity: 6MWT,

e Dyspnea evaluation: MRC scale.

Quality of life was evaluated at the end of treatment with the
SGRQ.

Statistical Analysis

The statistical analysis was performed using MedCalc Statisti-
cal Software, version 17.5 (°1993-2017, MedCalc Software
Bvba, Ostend, Belgium; https://www.medcalc.org; 2017).
Shapiro-Wilk test was used to analyze data with normal dis-
tribution. Mann-Whitney U test was used for non-parametric
data, and Student’s t-test was used for parametric data. Stu-
dent’s t-test was used to determine the level of significance of
the difference between the pre- and post-treatment measure-
ments. Between-group differences were expressed as mean
differences with 95% confidence interval. A p-value <0.05

FREE aspire group (n=10) p
74.7+6.09 0.18
48.05x13.06 0.09
166+54.81 0.21
47.05+13.06 0.28
287.47+192.48 0.27
48.05+13.06 0.08
166+54.81 0.27
2.3+1.34 0.07
287.47+192.48 0.32
13£3 0.11
83+6 0.09
931 0.18

FVC: forced vital capacity; FEV,: forced expiratory volume in 1 second; TLC: total lung capacity; RV: residual volume; PCEF: peak cough
expiratory flow; MRC: medical research council scale; 6BMWT: 6-minute walk test; L: liters; m: meters

2Data are expressed as mean + standard deviation
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Figure 3.a-c. Results for primary outcomes
PCEF: peak cough expiratory flow; PaO,: arterial partial pressure of oxygen;
PaCO,: arterial pressure of carbon dioxide; FEV,: forced expiratory volume in 1 s

was considered as significant. The statistical power analysis
was not performed because a small sample of patients was
considered in this pilot study, required to have a preliminary
estimate on the results. However, selecting a maximum level
of significance equal to 0.05 allows to ensure a high level of
protection from the possibility to make type | error.

RESULTS

The two groups were matched with respect to age and dis-
ease severity, as well as respiratory function parameters. The
baseline characteristics of the two groups are reported in
Table 1.

Primary Outcomes

Arterial blood gases showed a significant pre- and post-im-
provement in EFA for both PaO, (pre: 62.92 (4.70) mmHg vs.
post: 67.36 (6.01) mmHg, p=0.0117) and PaCO2 (pre: 42.97
(5.37) mmHg vs. post: 40.09 (4.99) mmHg, p=0.0337), but
the intergroup difference was not significant (Figure 3a-c).
The change in PCEF between the start and end of treatment
was greater in EFA (166 (54.81) cm H,O vs. 233 (65.16) cm
H,O, p=0.0006) than in BP (190 (39.16) cm H,O vs. 206.90
(46.98) cm H,O, p=0.0620), and the difference between the
groups was significant (p=0.0044) (Table 2).

Secondary Outcomes

Expiratory flow accelerator showed larger variations in MIP
and MEP than BP (Figure 4a-c). In EFA, MIP significant-
ly increased (5.89 (2.3) cm H,O vs. 7.53 (2.38) cm H,O,
p=0.0153), whereas there was no variation in BP. The dif-
ference between the two groups was significant (p=0.0191).
MEP increased in both groups (9.37 (2.22) vs. 10.62 (3.03)
in the BP group and 9.03 (3.49) vs. 11.12 (3.19) in the EFA

Table 2. Comparison of outcome parameters within each group (pre-post) and between the two groups

Groups
Pre

Outcome PEP bottle  Free aspire  PEP bottle

(n=10) (n=10) (n=10)
PaO, 66.05 62.92 67.33
(mmHg) (8.11) (4.70) (6.38)
PaCO, 42.82 42.97 42.60
(mmHg) (7.51) (5.37) (7.62)
PCEF 190.00 166 206.90
(cmH,0) (39.16) (54.81) (46.98)
MEP 9.37 9.03 10.62
(cmH,0) (2.22) (3.49) (3.03)
MEP 7.28 5.89 6.85
(cmH,0) (1.43) (2.31) (1.15)
6MWT 316.23 287.47 331.43
(mt) (124.22) (192.75) (113.12)
MRC 3.30 2.30 2.40

(1.16) (1.34) (1.07)

Differences Difference
Post within groups between group
Free aspire Free aspire

(n=10) PEP bottle Free aspire Vs PEP bottle
67.36 0.3973 0.0117** 0.1988
(6.01)
40.09 0.8006 0.0337* 0.0757
(4.99)
233 0.0620 0.0006** 0.0044**
(65.16)
11.12 0.2413 0.1306 0.1212
(3.19)
7.53 0.4165 0.0153* 0.0191*
(2.38)
373.00 0.8798 0.1509 0.0492*
(297.43)
1.10 0.0521 0.0466* 0.701
(0.99)

paO,: arterial partial pressure of oxygen; paCO,: arterial pressure of carbon dioxide; PCEF: peak cough expiratory flow; MEP: maximal expiratory
pressure; MIP: maximal inspiratory pressure; 6MWT: 6-min walk test; MRC: medical research council dyspnea scale
*Significantly different p<0.05 (95% confidence interval); **Significantly different p<0.01 (95% confidence interval)
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Figure 4.a-c. Results for secondary outcomes
PEP: positive expiratory pressure; MIP: maximal inspiratory pressure; MEP:
maximal expiratory pressure; 6MWT: 6-minute walk test

group) but without a significant difference between pre—post
within each group or between the groups. The 6MWT dem-
onstrated a difference between the groups; patients in EFA
showed an average increase of 86 m (+92.99%, p=0.1509) in
the distance walked compared with baseline, whereas those
in BP showed only a 15 m increase (+17.37%, p=0.8798).
The difference between the two groups was significant
(p=0.0492). Dyspnea decreased in both groups without a sig-
nificant difference between the groups (p=0.70), although in
EFA the pre—post difference was significant (p=0.0466). EFA
showed a lower impact of disease on the quality of life than
BP, with the average score on the SGRQ being 30.73+9.61 in
EFA versus 34.06+9.98 in BR A comparison of the outcomes
measured at the start and end of treatment is summarized in
Table 2.

DISCUSSION

Airway obstruction is one of the pathological components of
diverse chronic obstructive airway diseases. Therefore, ACTs
are regularly used in patients who have these diseases. ACTs
aim to decrease airway resistance, improve gas exchange,
and reduce respiratory load by improving airway clearance.
While its efficiency is often debated, ACTs remain widely pre-
scribed in the treatment of many chronic obstructive airway
diseases [30]. Given the heterogeneity of COPD, it is likely
that there is a cohort of patients who can benefit from the
prescription of an ACT. Little attention has been focused on
the physiological mechanisms of individual ACTS in COPD.

Patrizio et al. Expiratory Flow Accelerator Technology in COPD

PEP is an ACT that works by splitting open collapse airways,
and its use is particularly suited in patients where airway col-
lapsibility is suspected. PEP is well suited for patients with
increased pulmonary compliance or marked pulmonary hy-
perinflation [29, 31]. This preliminary study compared an
EFA technology tool with a widely used PEP ACT (BP) as an
adjunctive therapy in patients with severe COPD. The results
showed particularly improved gas exchanges for EFA, prob-
ably due to a better airway clearance and pulmonary hy-
giene. Even if EFA does not apply a positive pressure, it may
be beneficial to improve the recruitment of non-ventilated
areas; thus, the ventilation/perfusion rate was improved, as
confirmed by the improvement of ABG (PaO, and PaCO,).
Indeed, the ABG variation between the beginning and end of
treatment was significant only in the EFA group; PaCO, de-
creased and PaO, increased significantly. We also observed
in the EFA group an improvement in MIP and PCEE, which
may be related to a reduction of the bronchial intrinsic resis-
tances and work of breathing (WOB) [19, 31]. This can ex-
plain the better performance of respiratory muscles (MIP) and
cough efficacy (PCEF), which resulted significantly improved
in the EFA group. The improvement of PCEF not only depends
on expiratory muscle action but also depends on the genera-
tion of a sufficient preliminary volume obtained through a
more efficient inspiration [32]. Therefore, the reduction of
WOB is one of the key elements in reducing dyspnea and
increasing exercise tolerance in patients with COPD. A posi-
tive trend was also found and subsequently in the perception
of dyspnea, but no significant intergroup difference between
EFA and BP Further investigation is needed to confirm that
EFA, by improving the airway clearance and reducing WOB,
can have an effect on reducing dyspnea and its impact on
activities of daily life (ADL). Studies have shown that an im-
proved respiratory performance with respect to a lower de-
gree of obstruction and increased airflow influences ADL and
health-related quality of life (HRQoL) [12, 16]. Patients in the
EFA group also showed a significant increase in the distance
walked on the 6MWT, although a greater variability of data
was observed in this group. Regarding the HRQolL measured
by SGRQ at the end of treatment in both groups, the EFA
group showed a lesser impact of the disease on HRQoL. Sev-
eral studies using similar devices were published in the last
few years [29, 33-35]. The conclusions of these studies have
been consistent with our study; ACTs reduce dyspnea and
cough through the modification of lung functional param-
eters. Further consideration about EFA is required. In contrast
to other devices, the breathing required during its use did not
call for any additional respiratory effort or physical or mental
effort. This constitutes an important advantage because most
clearance techniques require the active participation of the
patient, and when this is not possible, the use of invasive and
uncomfortable techniques is necessary [9]. As a pilot prelimi-
nary study, the comparative analysis between the two ACTs
has some limitations: the small number of patients, the lack of
statistical power analysis, and a limited number of outcomes
analyzed (e.g., changes in volume of produced sputum and
patient-reported symptoms, such as encumbrance or cough).
In addition, regarding the short-term effects of the techniques,
no inferences can be made about the maintenance of these
results in the long term.
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This pilot study investigated the efficacy of EFA technology
compared with PEP technique in facilitating airway clearance
in patients with severe COPD as an adjunctive therapy of a
pulmonary rehabilitation program. The EFA group showed an
improvement in gas exchange with use of the EFA device and
significant differences compared with BP in the increase of
expiratory cough flow, respiratory muscle strength, exercise
capacity, and perceived dyspnea. Based on these findings, we
conclude that the use of EFA can be included with benefit in a
program of respiratory rehabilitation for patients with COPD
with severe obstruction and ineffective cough. However, fur-
ther studies in a broader population sample are necessary to
statistically confirm and extend our findings. The results of
this preliminary study will be used to determine the sample
size required for the main definitive trial with a suitable sta-
tistical power.
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