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Abstract
Background: Mucus hypersecretion has a negative impact in chronic obstructive pulmonary disease (COPD). Expiratory Flow Accelerator (EFA) technique removes 
secretions noninvasively by accelerating expiratory flow. The aim of our study was to compare EFA efficacy with the non-oscillatory positive expiratory pressure (PEP) 
bottle in airways clearing in COPD with hypersecretion and reduced cough efficiency after severe exacerbation.

Methods: In an exploratory prospective, randomized, open-label study, we analyzed COPD patients with severe airflow obstruction (forced expiratory volume at 
1st second-FEV1<50%), mucus hypersecretion (sputum volume >30 ml/die) and reduced cough efficiency (peak cough expiratory flow-PCEF <300 l/min) referred 
to pulmonary rehabilitation after severe exacerbation. Comparison was made between group using EFA and group using PEP. Primary outcome was change in 
perceived bronchial encumbrance (visual analogue scale-VAS). Secondary outcomes were changes in peak expiratory flow (PEF), PCEF, lung volumes, arterial blood 
gases exchanges, maximum inspiratory and expiratory pressure (MIP and MEP), health status (COPD questionnaire score-CCQ) and impact of disease (COPD 
Assessment Test-CAT). 

Results: Twenty seven patients completed the study (14 EFA, 13 PEP). VAS, CAT, and CCQ improved in both groups (p<0.05). A greater improvement in VAS 
was recorded in the EFA group. Static and dynamic volumes (residual volume-RV and forced vital capacity-FVC) improve in both groups while total lung capacity 
(TLC) and MIP improved in the EFA group. No significant changes were recorded for arterial blood gases, PEF and PCEF.

Conclusions: EFA technique can enhance airways clearing in these patients, improving lung volumes and inspiratory muscle strength.
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Introduction
The course of chronic obstructive pulmonary disease (COPD) 

is often characterized by exacerbations (AECOPD) [1], that have a 
negative impact on the quality of life of patients, accelerate disease 
progression, and can result in hospital admissions and death [1,2]. 

Airway clearance techniques (ACT) involve application of physical 
forces to enhance removal of sputum from the airways [3]. Current 
evidence for the effects of airway clearance techniques in AECOPD 
is actually very little. Some positive effects have been reported in a 
Cochrane review [4], but these effects are small and are not supported 
by the results of a recent large trial [5]. While their efficiency is often 
debated, ACT remain widely prescribed and regularly used with 
patients who have AECOPD [6]. Moreover, many studies do not 
account for different COPD phenotypes, then this does not exclude 
a role for the ACT in carefully selected patients in whom excessive 
sputum production or sputum retention, due to reduced cough 
efficiency, are clinically important problems.

A new type of ACT, expiratory flow accelerator (EFA), has been 
introduced in recent years, which is employed in the new product Free 
Aspire Advanced® (FA), in particular for home care use, and in the 
device Suction Free® (SF), for hospital use. This technology accelerates 
the expiratory flow, promoting deep drainage and secretions without 
applying any pressure in the airways. These devices utilize Vaküm 
technology, which accelerates expiratory flow through the Venturi 

https://www.mpr-italy.it/en/efa-technology/suction-free/
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effect from a special connector, and they are based on studies by Kim 
et al. [7,8]. The process happens only during the expiratory phase and 
is proportional to airflow on spontaneous breathing, according to the 
natural rhythm of the patient’s respiratory function. The secretions 
slide along the layer of liquid lining the bronchial epithelium until 
they reach the glottis from where they are swallowed, therefore no 
respiratory effort is required for the elimination. No negative pressure 
is generated inside the lungs therefore there is no risk of airways 
collapse. EFA technique does not require an efficient cough and offers 
a gentle secretion removal solution.

Garuti et al. showed efficacy and safety of FA in reducing the impact 
of respiratory exacerbations in pediatric patients affected by cerebral 
palsy [9]. They found a reduction in home visits by primary care 
pediatrician, days spent in hospital, and days of antibiotic treatment 
for respiratory problems [9]. Similarly, Bertelli et al. demonstrated a 
positive effect of home FA treatment in children with cerebral palsy, 
in improving general health state and decreasing health care resources 
utilization, with a positive caregivers’ perception [10]. In a case 
report on a 3-year-old girl with spinal muscular atrophy, Bertelli et 
al. showed that FA in patients is an effective device for the removal of 
bronchial secretions [11]. More recently, Patrizio et al. observed larger 
improvements in peak cough expiratory flow (PCEF) and maximal 
expiratory pressure (MEP) in severe stable COPD patients treated with 
FA in comparison with those treated with positive expiratory pressure 
(PEP) bottle [12]. 

The present study aimed to evaluate the efficacy of EFA in improving 
the bronchial clearance in COPD patients with hypersecretion and 
reduced cough efficiency after severe exacerbation, in comparison with 
PEP-bottle.

Methods
Design of the study

This is an exploratory prospective, randomized, open-label study 
designed to compare EFA technique and PEP-bottle in the clearance 
of bronchial secretions. We considered severe-to-very severe COPD 
patients (forced expiratory volume at 1st second [FEV1] < 50 % of 
predicted), having a chronic mucus hypersecretion and a reduced 
cough efficiency (see section on selection of patients). We assumed 
to enroll 40 patients (20 EFA and 20 PEP) but due to the difficulty to 
enroll this kind of patients, the study was closed earlier considering 
34 patients (16 EFA and 18 PEP). The protocol was approved by the 
Ethics Committee on June 30, 2017, CE 2127 and recorded on the 
ClinicalTrial.gov website with identification number NCT02640430.

Selection of patients

We evaluated 96 COPD patients with severe airflow obstruction 
admitted from June 2017 and December 2018 for an inpatient 
pulmonary rehabilitation (PR) after severe exacerbation (Castelrotto-
Switzerland and Istituti Clinici Scientifici Maugeri, Tradate-Italy). All 
subjects had a diagnosis of COPD according to Global Initiative for 
Chronic Obstructive Lung Disease criteria [1]. Contraindications for 
participation in the PR program included musculoskeletal disorders, 
malignant diseases, unstable cardiac condition, and lack of adherence 
to the program.

Chronic mucus hypersecretion was defined as a sputum 
volume production of greater than 30 ml/day [13]. Chronic mucus 
hypersecretion was specifically related to COPD and patients with 
diagnosis of bronchiectasis were also excluded. All patients taking 

any active drugs to have a mucoregulatory action (i.e. aminophyllines, 
N-acetyl-cysteine, erdostein) as well as systemic corticosteroid and 
antibiotics at selection time were also excluded. A reduced cough 
efficiency was confirmed by a PCEF between 150 l/min and 300 l/min 
[14]. All patients had a smoking history ≥10 pack years and received 
regular treatment with inhaled bronchodilators and inhaled steroids 
according to current guidelines for their disease stage. Each patient 
signed an informed consent form.

Rehabilitation program
All patients included in the study followed a PR program, 

according to the international recommendations [15]. To be included 
in the study, patients had to perform at least 12 supervised sessions, up 
to a maximum of 15 sessions over a 3-week period. The PR program 
consisted of lower limb endurance and resistance training, as main 
component. All patients performed sessions of 30–40 minutes, using 
a treadmill or cycle-ergometer, depending on the clinically based 
choice of the physiotherapist, and on the subject’s preference. Exercise 
intensity was based on the initial six-minute walking test (6MWT), 
and patients started their training at 70%-85% of the maximum heart 
rate (HR) achieved on the 6MWT [16]. Exercises were then adjusted 
based on patient tolerance (at least weekly) with the aim of achieving 
a Borg dyspnea score of 4–5 (moderate–severe). To optimize training 
load supplemental oxygen for patients with chronic respiratory failure 
and interval training for much compromised patients were adopted. 
Transcutaneous arterial oxygen saturation, arterial pressure, and HR 
were monitored during every exercise session. Resistance training 
is composed as 2 series of 10 repetitions of 6 exercises targeting all 
major muscle groups. Initial loads were equivalent to either 60%-70% 
of the one-repetition maximum or one that evoked fatigue after 8–12 
repetitions. The exercise dosage was increased when the individual 
could perform the current workload for one or two repetitions over the 
requested number on two consecutive training sessions. Each session 
also included supervised upper limb training: patients used an arm 
ergometer or performed callisthenic exercises holding a light weight.

In addition, the study group received 10 daily supervised session 
(20 minutes twice a day) with the EFA device, and the control group 10 
daily supervised sessions (20 minutes a day) with the PEP-bottle. For 
the study group we adopted the EFA device for hospitalized patients, 
named Suction Free®.

Finally, each patient participated in educational activities, 
individually (at least one time) and in a group (at least three times), 
regarding self-management, airway clearance techniques, adherence to 
therapy, and nutritional support. The total daily time duration for all 
activities was 2-3 hours, and the entire program was conducted in the 
hospital.

Measurements and outcomes

At enrolment, patients’ anthropometric and physiological 
characteristics and main diagnosis were recorded. Outcome measures 
were taken at study entry and after 12 days of treatment.

Primary outcome: Perceived symptom of bronchial encumbrance 
was obtained from a visual analogue scale (VAS). We adopted an 
interval scale, which was a 10 cm horizontal VAS, ranging from 0 
(no encumbrance) to 10 (worst imaginable encumbrance) [17]. The 
subjects had to indicate their bronchial encumbrance perception at the 
moment of the assessment.

Secondary outcome: Arterial blood gas analysis was obtained 
from an arterial blood sample taken from the radial artery with the 
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patient in resting condition and breathing room air or oxygen (when 
appropriate) at the prescribed flow rate. Lung function was assessed 
by means of an automated spirometer: dynamic and static volumes 
were expressed as % of their predicted value [18,19]. Respiratory 
muscle strength (maximal inspiratory and expiratory pressure [MIP 
and MEP]) was then performed by means of a specific module 
recording maximal pressures against an occlusive mouth resistance 
at both total lung capacity (for MEP) and functional residual volume 
(for MIP) [20]. Peak expiratory flow (PEF) and PCEF by a hand-held 
device was recorded in all patients to confirm their cough competence 
[14]. Both measures, respiratory muscle strength and cough efficacy, 
were recorded with the patient in a sitting position; the best of three 
measurements was recorded. Values were recorded as absolute.

Dyspnea was assessed by the Baseline Dyspnea Index/Transitional 
Dyspnea Index (BDI/TDI) [21]. Walking capacity was evaluated by 
means of the distance covered during a 6MWT (6MWD) according 
to the American Thoracic Society statement [21]. Health status was 
evaluated using COPD Assessment Test (CAT) and Clinical COPD 
Questionnaire (CCQ) scores [22].

Statistical analysis

Analyses were performed with IBM SPSS Statistics 25.0 (Armonk, 
New York, USA). A preliminary Shapiro-Wilk test was used to assess 
normality of variables distribution. Data were then reported as means 
± standard deviation (SD) and as medians (interquartile range) 
for variables normally and not normally distributed, respectively. 
Categorical variables were considered as frequency (percentage) and 
analyzed with the Pearson’s chi-squared test (X2) or the Fisher exact 
test. Absolute values and changes in each outcome were compared by 
means of ANOVA and independent-samples t-test. Mann-Whitney U 
test was applied for non-parametric variables. A multivariate general 
linear model (mixed-model ANOVA) was applied to calculate the 
statistical interaction between times (baseline and post-PR) and 
groups (EFA and PEP). The analysis of all outcomes was performed 
in the intention-to-treat (ITT) population, obtained with the replacing 
missing data with expectation-maximization (EM) algorithm [23] and 
data are presented accordingly. The analysis of the primary outcome 
was performed also in the per-protocol (PP) population. All results 
were considered to be statistically significant at a level of p <0.05.

Results
The study flow diagram is shown in figure 1. Thirty-eight out of the 

96 screened patients were excluded due to absence of chronic mucus 
hypersecretion and 24 due to absence of reduced cough efficiency. 
Baseline characteristics of the 34 patients considered for the study 
are reported in table 1. Twenty out of 34 patients were included for 
Castelrotto and 14 for Tradate. Seven patients dropped out and then 
27 patients completed the study and were considered for the study 
analysis (14 EFA, 13 PEP). Chronic respiratory failure needing long-
term oxygen therapy occurred in seven patients, without difference 
between the two groups. The two groups were comparable at baseline 
(Table 1).

Figure 2 reports the primary study outcome (VAS bronchial 
encumbrance) in ITT and PP population. In both populations and 
groups was evident a significant improvement after PR, that however 
was better in EFA group (mean difference between times and groups 
-1.5 score and -1.6 score in ITT and PP, respectively). 

The secondary study outcomes are summarized in table 2. After 
PR, symptoms (CAT), health status (CCQ) and exercise capacity 

(6MWD) significantly improved in both groups (p<0.05). Static (RV-
residual volume) and dynamic volumes (FVC-forced vital capacity) 
significantly improved in both groups, while total lung capacity (TLC) 
and MIP only in the EFA group (p<0.05). No significant changes were 
recorded for FEV1, TDI, MEP, PEF, PCEF and arterial blood gases 
variables.

Discussion
In this study, we investigated the value of EFA technique in 

facilitating airways clearing in COPD patients with severe airflow 
obstruction, chronic mucus hypersecretion and reduced cough 
efficiency, after severe exacerbation. The main result of this study was 
that EFA may enhance airway clearance in these patients, improving 
lung volumes and inspiratory muscle strength and thus reducing the 
perceived bronchial encumbrance.

Specific recommendations in international guidelines regarding 
ACTs for patients with AECOPD are not common [2]. This is likely 
due to the limited evidence of clinical benefit that has been previously 
reported [4]. This review reported a statistically significant pooled 
benefit for ACTs (compared to usual care) in reducing the need for 
or duration of assisted ventilation during AECOPD, with larger 
effects suggested for PEP-based versus non-PEP-based techniques 
[4]. A subsequent large randomized controlled trial of PEP therapy 
for patients with AECOPD, however, failed to show any appreciable 
benefit on a range of clinically important outcomes [5].

Variables EFA group
N=16

PEP group
N=18 p-value

Age, years 73.3 ± 4.8 72.3 ± 8.6 0.690
Male, n (%) 9 (56) 9 (50) 0.716
BMI, kg/m2 23 [6.8] 24 [6.8] 0.446
Pack/year 58.2 ± 17.7 54 ± 16.2 0.471
Previous AECOPD, n 2 [1] 2 [1] 0.641
mMRC, score 3 [1] 2 [1] 0.226
CAT, score 18 ± 6.9 22.1 ± 7.8 0.123
BDI, total score 4.3 ± 1.9 4.2 ± 2.4 0.906
VAS bronchial encumbrance, score 5 [2] 5 [2] 0.833
CCQ, score 2.9 ± 1.1 2.9 ± 1.1 0.818
FEV1, % predicted 35.1 ± 7.6 37.5 ± 9.7 0.427
FEV1/FVC, % 42.2 ± 9.2 45.1 ± 9 0.348
RV, % predicted 203.5 ± 42.9 192.5 ± 29.4 0.388
TLC, % predicted 143.4 ± 29 130.8 ± 23.1 0.170
DLCO, % predicted 45.4 ± 8.8 43.9 ± 9.5 0.653
MIP, cmH2O 53.9 ± 14.3 47.1 ± 11.8 0.133
MEP, cmH2O 78.7 ± 20.6 72.6 ± 14 0.318
PEF, L/m 175 [25] 162.5 [92.5] 0.395
PCEF, L/m 180 [47.5] 160 [27.5] 0.187
PaO2, mmHg 67.6 ± 9.5 66 ± 8.6 0.604
PaCO2, mmHg 45.1 ± 6.7 45.4 ± 9.9 0.914
6MWD, meters 302.7 ± 115 296.3 ± 97.1 0.861
Drop-out, n (%) 2 (12) 5 (28) 0.405

Table 1. General characteristics according to the study treatment.

Data are shown as number of subjects (%), means ± SD or medians [interquartile range], 
unless otherwise stated. 
Abbreviations: EFA indicates Expiratory Flow Accelerator technique; PEP, positive 
expiratory pressure; BMI, body mass index; AECOPD, acute exacerbation of COPD; 
mMRC, modified Medical Research Council dyspnoea score; CAT, COPD assessment test; 
BDI, baseline dyspnea index; VAS, visual analogic scale; CCQ, COPD questionnaire score; 
FEV1, forced expiratory volume at 1st second; FVC, forced vital capacity; RV, residual 
volume; TLC, total lung capacity; DLCO, diffusion capacity for carbon monoxide; MIP and 
MEP, maximal inspiratory and expiratory pressure respectively; PEF, peak expiratory flow; 
PCEF, peak cough expiratory flow; PaO2 partial arterial oxygen pressure; PaCO2, partial 
arterial carbon dioxide pressure; 6MWD, six-minute walking distance.
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EFA group PEP group Mean difference
(95% CI) p-value

Variables Baseline Post-PR p-value Baseline Post-PR p-value
CAT, score 18 ± 6.9 10.9 ± 4.1 0.001 22.1 ± 7.8 12.8 ± 4.6 <0.001 2.1 (-2.4 to 6.5 0.351
BDI/TDI, total score 4.3 ± 1.9 3.5 ± 2.3 0.295 4.2 ± 2.4 3.2 ± 1.2 0.079 0.2 (-1.7 to 2.1) 0.821
CCQ, score 2.9 ± 1.1 1.8 ± 0.3 <0.001 2.9 ± 1.1 1.7 ± 0.6 <0.001 -0.01 (-0.57 to 0.61) 0.946
FEV1, % predicted 35.1 ± 7.6 36.1 ± 6.4 0.583 37.5 ± 9.7 40.4 ± 11.3 0.116 -1.8 (-7.1 to 3.5) 0.487
FVC, % predicted 66.1 ± 14 74.9 ± 14.2 0.035 64.2 ± 16.7 70.1 ± 14.8 0.040 2.8 (-6.4 to 12.1) 0.532
RV, % predicted 203.5 ± 42.9 170.6 ± 36.0 0.010 192.5 ± 29.4 174.3 ± 23.0 0.037 -14.6 (-42.3 to 13) 0.290
TLC, % predicted 143.4 ± 29 125.3 ± 15.4 0.018 130.8 ± 23.1 120.6 ± 14.7 0.082 -7.8 (-25.7 to 10) 0.378
MIP 53.9 ± 14.3 61 ± 17.3 0.009 47.1 ± 11.8 47.1 ± 8 0.976 7 (0.2 to 13.9) 0.043
MEP 78.7 ± 20.6 78.8 ± 20.7 0.949 72.6 ± 14 75.8 ± 13.8 0.449 -3.1 (-13.5 to 7.3) 0.551
PEF 174.4 ± 58.3 183.6 ± 38.7 0.188 159.1 ± 54.4 170.3 ± 35.3 0.192 -1.9 (-23.9 to 20) 0.857
PCEF 190.6 ± 40.2 204.6 ± 21.7 0.079 175.5 ± 41.3 190 ± 26.4 0.127 -0.4 (-24.6 to 23.7) 0.970
PaO2, mmHg 67.6 ± 9.5 70.4 ± 8.6 0.253 66 ± 8.6 68.6 ± 6.3 0.159 0.2 (-5.7 to 6) 0.946
PaCO2, mmHg 45.1 ± 6.7 44.3 ± 3.9 0.434 45.4 ± 9.9 43.9 ± 6.3 0.273 0.7 (-2.8 to 4.2) 0.694
6MWD, meters 302.7 ± 115 364.5 ± 90.4 0.003 296.3 ± 97.1 355.6 ± 89.5 <0.001 2.5 (-37.3 to 42.3) 0.894

Table 2. Secondary study outcomes.   

Data are shown as means ± SD.
Abbreviations: TDI, transitional dyspnea index. For the other abbreviations see Table 1.

Figure 1. Study flow diagram
Abbreviations: PR indicates pulmonary rehabilitation; EFA, expiratory flow accelerator; PEP, positive expiratory pressure; AECOPD, acute exacerbation of chronic obstructive pulmonary 
disease.

Many different types of ACTs exist such as breathing exercises, 
positioning and use of adjunct devices such as PEP therapy or mechanical 
chest wall oscillation [24]. Choice of technique is most commonly 
determined by respiratory therapists in close consideration of patients’ 
individual needs. The lack of standardized recommendations in this 
field has certainly contributed to the well-documented variability of 
treatment regimens within and between countries [25-27].

Up to now, there are very few studies of EFA technology and 
most of these are congress communications [9-12]. To the best of our 
knowledge, this is the first study to evaluate the effect of EFA technology 

on airway clearance in COPD patients after acute exacerbations. Our 
preliminary study compared EFA technology to PEP-bottle, a widely 
used PEP technique in severe to very severe COPD patients. There is 
only one previous report that considered a similar population [12]. 
However, there are a number of differences between our study and 
this previous report. Patrizio et al. enrolled severe COPD subjects in 
stable conditions [12]. Moreover, in our study we selected patients 
with reduced cough efficiency. On the other hand, the presence of 
hypersecretion and the sample size were similar in the two studies 
[12]. Differences between the two-study population may explain the 
differences in the results observed. Whereas Patrizio et al. showed 
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an improvement in gas exchanges for EFA, in the present study, we 
observed an improvement in perceived bronchial encumbrance in both 
groups, with a greater magnitude in the study group. Interestingly, two 
previous studies evaluated the use of EFA in pediatric subjects with 
ineffective cough [9,10]. Although with different nuances, both studies 
observed a reduction in respiratory problems, assessed as number of 
respiratory exacerbations, number of hospital admissions, days spent 
in hospital, and home visits and pharmacological therapy prescribed 
by primary care [9,10]. Based on these data, we can speculate that EFA 
technology may provide a greater contribution to airway clearance, and 
particularly in patients with reduced cough efficiency.

In addition, we found an improvement in lung volumes (FVC, TLC 
and RV) and in MIP in EFA group, which is likely to prove both the 
reduction in airway obstruction and the recruitment of collapsed or 
obstructed peripheral airways and lung parenchyma. The theoretical 
benefit of these techniques, indeed, is the ability to enhance mucus 
clearance by either stenting the airways and preventing airway collapse, 
or increasing intrathoracic pressure and collateral ventilation distal to 
retained secretions, or decreasing functional residual capacity of the 
lung [28]. 

Finally, we also observed an improvement in health status in both 
groups. Previous studies using physiotherapy techniques showed 
discordant results [29-31]. The study of Nicolini [29] and Kodric [30] 
showed positive results regarding modified Medical Research Council 
dyspnoea score (mMRC), CAT and Borg scores, whereas the large trial 
of Cross [31] found no difference in quality of life. It is worth noting 
that the trial had broad inclusion criteria and participants did not have 
to be productive of sputum to take part [31].

Despite reporting some original finding with a potential clinical 
significance, this study has some limitations. Firstly, the small sample 
size might limit the validity of the results observed. The considerable 
selection of patients forced us to exclude most of the patients 
evaluated. On the other hand, identifying a COPD responder to ACT 
group remains a potentially valuable clinical prospect, however, this 
may prove unfeasible due to the significant sample sizes required for 
statistical power when using outcomes of high clinical importance. 
Similarly, no inferences can be made about the maintenance of these 
results in the long term, due to the short duration of the study. 

Conclusion
In conclusion, we evaluated the efficacy of EFA in improving 

the bronchial clearance in COPD patients with hypersecretion and 
reduced cough efficiency after severe exacerbation, in comparison with 
PEP-bottle. We observed a potential benefit with EFA technique in 
these patients. As an exploratory study, further studies are needed to 
confirm our results.
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