










Chronic obstructive pulmonary disease

events after 6 months compared with routine care (OR 0.37, 
95% CI 0.19 to 0.72; p=0.003).26 27

Antibiotic use
Antibiotic use was measured in one long-term study, which found 
that use of the RC-Cornet (twice a day) for 2 years significantly 
reduced the number of patients who took a course of antibiotics 
(13/25 vs 24/25; OR 0.05, 95% CI 0.01 to 0.38; p=0.005).25

Sputum clearance
Only one study measured the sputum clearance outcome.28A 
3-week RXT found that use of the Aerobika device improved 
sputum clearance (assessed with the Patient Evaluation Ques-
tionnaire (PEQ)-ease-bringing-up-sputum) in COPD patients 
with sputum production compared with UC (mean difference 
±SD; Aerobika 2.70±1.10, UC 3.60±0.50; p=0.003).28 In 

this context, a reduced PEQ score indicates improved sputum 
clearance.28

Lung function
The impact of OPEP devices on measures of lung function was 
measured in six studies using a range of devices (RC-Cornet, 
Acapella, Flutter and Aerobika). The studies used a range of 
parameters including FEV1, PEFR and predicted FVC%, and 
overall, the use of OPEP devices had no effect on lung func-
tion.24 25 28–31

Exercise capacity
Exercise capacity, assessed using 6 min walk distance (6MWD), 
was reported in six studies (figure 5).26–31 Pooled analysis of four 
RCTs (n=181) demonstrated an improvement following use of 
OPEP (eg, Acapella, Lung Flute and Flutter) compared with the 

Figure 6  Forest plot of pooled difference in acceptance rate in OPEP interventions versus non-OPEP interventions. OPEP, oscillating positive 
expiratory pressure.

Figure 7  Forest plot of pooled difference in completion rate in OPEP interventions versus non-OPEP interventions. OPEP, oscillating positive 
expiratory pressure.
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control group, with the mean effect exceeding the minimal clin-
ical important difference (MCID) for the 6MWD32 (mean differ-
ence (95% CI), 49.8 m (14.2 m to 85.5 m); p=0.009).26 27 29 31 
In contrast, data from two RXTs using OPEP (eg, Aerobika and 
Flutter) did not demonstrate a significant improvement compared 
with UC.28 30

Acceptance, completion and drop-out rates
The total number of patients with COPD approached to take 
part in the included studies was 463. Of these, 82 patients were 
deemed ineligible and were excluded. A total of 339 partici-
pants were enrolled in the studies with intervention and control 

groups, of whom 177 were assigned to the intervention group, 
and 162 to the control group. Forty-two participants were 
enrolled in the cross-over studies.

After randomisation, 350 participants completed their inter-
ventions, and 31 withdrew before the end of the study. Of these, 
the reasons for study withdrawal were ‘lost to follow-up’ (66%), 
exacerbations (16%), death (6%), back pain (6%), discomfort 
during MRI (3%) and unknown (3%). Overall, the unweighted 
average of acceptance, completion and drop-out rates for all 
included studies were 82%, 91% and 6%, respectively. Addition-
ally, we performed a meta-analysis to estimate the pooled differ-
ence in acceptance, completion and drop-out rates between the 
OPEP groups and the control group for all included studies 
(weighted by the sample size). The pooled analysis demonstrated 
significant differences in acceptance and completion, but not in 
the drop-out rate between the OPEP and control groups (mean 
difference (95% CI), 63% (58% to 67%); p<0.001, 58% (53% 
to 63%); p<0.001, and 3% (1% to 6%); p=0.21), respectively, 
figures 6–8.

Risk of bias and evidence quality assessment
Using the Cochrane risk-of-bias assessment tool,20 the studies 
included showed considerable variation in the risk of bias, but 
most were limited by a lack of blinding and incomplete reporting 
of data (figure 9). Funnel plot analysis (figure 10) showed that all 
points were within the funnel, but an absence of smaller negative 
studies was consistent with some publication bias.

In addition small sample sizes limit the precision of estimates. 
Studies did not necessarily focus on patients with significant 
sputum production, limiting the directness of the evidence to the 
relevant COPD phenotype. Taken together, therefore, the evidence 
to support the use of OPEP devices in COPD is, by Grading of 
Recommendations, Assessment, Development and Evaluations 
criteria, low.

DISCUSSION
In the context of COPD, improving sputum clearance and sputum 
production are desirable objectives, both in terms of day to day 
symptoms and HRQoL, and for reducing the risk of acute exacer-
bations. Our findings suggest that the use of OPEP devices has the 
potential to reduce COPD symptoms and exacerbations, reduce 

Figure 8  Forest plot of pooled difference in drop-out rate in OPEP interventions versus non-OPEP interventions. OPEP, oscillating positive expiratory 
pressure.

Figure 9  Assessment of risk of bias for included studies. RCT, 
randomised controlled trial; RXT, randomised cross-over trial.
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antibiotic use and improve exercise capacity in people with COPD. 
Nevertheless, questions remain regarding the use of OPEP devices, 
including their general effectiveness, the relative effectiveness of 
different types of device, the best strategy for their use (regular or 
as required), the threshold of symptoms at which adjunct devices 
should be recommended (as benefits are likely to be largest in 
those for whom sputum production is a major concern), longer-
term impacts and acceptability, as well as their value relative to 
other interventions.33 Some evidence supports the use of an OPEP 
device to reduce exacerbations. However, the effects observed 
were generally modest, results were based on a limited number of 
trials with considerable variation in the risk of bias, and most trials 
were short-term.

Although sputum production is an important symptom for 
patients, this is a relatively neglected area in COPD. The Global 
Initiative on Obstructive Lung Disease 201934 and joint American 
Thoracic Society/European Respiratory Society COPD guide-
lines35 do not make any reference to sputum clearance techniques 
(searched using the words ‘sputum’, ‘clearance’ and ‘physio-
therapy’), although National Institute for Health and Care Excel-
lence (NICE) COPD guidance (1.2.99) recommends that ‘If people 
have excessive sputum, they should be taught: how to use positive 
expiratory pressure devices and the ACBTs’.36 The term ‘excessive’ 
is not defined here and it is not clear if the use of OPEP might also 
benefit people with persistent but less severe symptoms of sputum 
production, not meeting this notional threshold.

In COPD, sputum clearance might be expected to reduce 
airflow obstruction and allow occluded lung units to be 
recruited.37 Included studies have shown contrasting results; 
however, one study reported a reasonable response in lung func-
tion parameters such as FEV1 and PEFR immediately after an 
OPEP session.38 Nonetheless, lung function parameters appear 
to be relatively insensitive to regular use of OPEP devices.

Meta-analysis of RCTs demonstrated improvements in 
6MWD exceeding the MCID32 with longer-term OPEP device 
use,26 27 29 31 though results from cross-over studies were less 
compelling.28 30As expected, patients with sputum production 
were more likely to improve than those without,28 39 suggesting 
that patient stratification is needed to identify a responder 
phenotype, as with other interventions.

The included studies used a variety of devices; all demonstrated 
a reasonable acceptance and completion rate and OPEP device 
intervention trials seem generally acceptable among people with 
COPD. Regrettably, data comparing the effectiveness of OPEP 
devices are limited. Here, the largest improvements in COPD 

symptoms, exacerbation and HRQoL were seen with the use 
of the Acapella, Lung Flute and Aerobika devices. By contrast, 
fewer improvements were recorded for the Flutter. This may 
simply reflect study population recruited or other aspects of 
study design, but it could be due to device features such as the 
pattern of pressure waves the OPEP devices can produce or the 
usability of the device itself.40 Direct comparison studies are 
needed to establish whether factors such as the consistency of 
pressure amplitude and frequency or the level of resistance are 
important. Some devices, such as Acapella and Aerobika, have 
a valve for adjustable resistance while other OPEP devices do 
not. Taken together, these differences and similarities are factors 
which may influence device efficacy and optimal mechanical 
performance both between devices generally and in terms of vari-
ations between individual patient response or preference.41–43

In the included studies, COPD was described as either acute 
or stable. These brief descriptions of the disease are inadequate 
for determining the clinical phenotype in such a heterogeneous 
condition. Of the included studies, only one stratified participants 
into sputum producers or non-producers. Accordingly, we recom-
mend that future studies stratify the COPD profile according to the 
amount of sputum produced as a step towards developing person-
alised approaches to COPD care.9 44 In the included studies, most 
drop-outs were for patient-related reasons; specifically, patients 
mostly discontinued OPEP trials because of exacerbations. Thus, 
attention must be paid to accommodate these when designing 
OPEP trials of COPD. Other factors should also be considered, 
such as the cognitive ability required to perform OPEP exercise 
adequately and the need for support and training to maintain 
correct use.

A number of lessons can be learnt from this review. First, most 
of the clinical trials had varied data measurement and collec-
tion for specific outcomes such as cough, sputum production, 
dyspnoea and HRQoL. Second, most of the clinical trials failed 
to blind the patients and participants, as well as outcome asses-
sors. Third, addressing missing data was not clearly discussed 
in the published studies. This is important because it introduces 
the risk of bias in trial outcomes, and consequently weakens the 
evidence regarding the effectiveness of OPEP devices for COPD. 
Unfortunately, the available clinical trials still do not provide 
sufficient information regarding the OPEP long-term effective-
ness and value with COPD.

An additional contribution of this review is to inform future 
clinical study design regarding the acceptance, completion and 
drop-out rates of OPEP device trials in COPD. Moreover, this 
review will also help researchers understand the reasons that 
prevent patients with COPD from completing OPEP therapy 
and provides evidence for the short-term use of OPEP in COPD 
management.

Limitations
There are several limitations that should be considered when 
interpreting the results of this review and should be addressed in 
future research. First, this meta-analysis excluded single-session 
studies and included only studies that evaluate the short-and-
long impact of OPEP devices on key outcomes (eg, HRQoL, 
exacerbations and exercise capacity). However, the exclusion of 
single-session studies is not expected to have had an effect on 
the overall results of this review, as it is hard to evaluate the 
acute impact of a single-session of OPEP device on a prolonged 
outcome such as HRQoL. In addition, the meta-analysis included 
different study designs (eg, RCTs and RXTs) with different 
quality levels. Furthermore, there were limited opportunities to 

Figure 10  Funnel plot for detection of publication bias. SMD, 
standardised mean difference.
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pool results for key outcomes because of incomplete data. Future 
research needs to evaluate the impact of OPEP devices within 
different types of study designs (eg, pre/post studies) as well as 
report the outcomes of interest using gold-standard measures.

CONCLUSION
The use of OPEP devices may have a positive impact on patients 
with COPD. However, well-designed clinical trials are needed to 
examine the long-term impact of OPEP devices in well-defined 
specific patient cohorts. Data should be collected using valid 
measures and questionnaires to allow for comparison between 
studies and direct comparisons between devices are needed.
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