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Introduction
Cystic fibrosis (CF) is an autosomal recessive dis-
ease that involves the cells that produce mucus 
and sweat, affecting many vital organs, particu-
larly the lungs. It causes a decrease in quality and 
life expectancy, causing death in 90% of patients.1–3

CF is usually caused by a mutation in the CFTR 
gene. As it is a recessive hereditary disease, it is 

necessary that both parents have a copy of the 
defective gene. Thus, the disease only manifests 
itself when the child inherits both altered genes.4 
It usually manifests with thick and sticky mucus 
that obstructs the airways, which can lead to seri-
ous lung infections, especially Pseudomonas aer-
uginosa and Staphylococcus aureus, which cause 
chronic and systemic inflammation of the airways 
and destruction of tissues.2,5
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CF is classified as a rare or infrequent disease due 
to its low prevalence, affecting one in every 2000 
to 4000 newborns. It is more common in the 
Caucasian population, although it depends on 
ethnicity and region of origin.2,3

According to a recent study6 in the United States, 
it has been estimated that the average life expec-
tancy for patients born in 2010 would be 37 years 
for women and 40 years for men. However, it is 
expected that this age could exceed 50 years if the 
mortality rate continues to decrease at a rate of 
1.8% per year. CF transmembrane conductance 
regulator (CFTR) modulator therapies, which 
targets the protein defective in CF and boosts its 
function, can be considered the newest develop-
ment in CF care.7 With the first modulator 
approved in 2012, latest generation of these drugs 
offers promise of effective CFTR modulator ther-
apy for nearly 90% of CF patients. In terms of life 
expectancy, this implies a quantum leap for the 
vast majority of the CF population.7 CF is an 
important cause of suffering, both for patients and 
their families, because it sometimes entails long-
term hospitalizations and a significant decrease in 
the quality and life expectancy of those affected 
and can cause the death of even the youngest.3

CF represents a significant health expense, due to 
the continuous respiratory infections that lead to 
chronic respiratory failure, requiring long-term 
treatments such as intravenous antibiotic therapy, 
which makes its financing a major problem.3,8–10

Treatment of the infection is multifaceted, includ-
ing antibiotics, respiratory physiotherapy, inhaled 
medications to facilitate clearance of secretions, 
and anti-inflammatory drugs. Better use of antibi-
otics has resulted in increased survival in individ-
uals with CF.5,11

Treatments that promote the elimination of mucus 
are essential to improve respiratory status and slow 
the progression of the disease. Physical methods 
are used, such as airway clearance techniques 
(ACT)12–14 or physical exercise;15 along with 
chemical methods, such as inhaled medications.12

Within Physiotherapy, there are many ACTs for 
CF patients, such as: active cycle of breathing 
techniques (ACBT), postural drainage combined 
with percussion (PD&P), autogenous drainage 
(AD), forced expirations (huffing and coughing), 
breathing deep, positive expiratory pressure 

(PEP), and oscillatory PEP devices and high-fre-
quency chest wall oscillation (HFCWO).12–14

PEP devices generate a pressure contrary to that 
produced by the airways during expiration (expira-
tory flow resistance), improving mucociliary clear-
ance due to the formation of gas accumulated 
behind mucus through collateral ventilation, 
increasing airway diameter and due to the tempo-
rary increase in functional residual capacity.12 There 
are the PEP devices themselves as well as oscillatory 
PEP devices (Flutter, Cornet, and Acapella).16 
Oscillatory PEP devices generate repeated occlu-
sions that are known to reduce mucus viscosity.17

In 2019, McIlwaine et al.12 conducted a review on 
the effectiveness of PEP devices compared with 
other secretion clearance techniques for mucocili-
ary clearance in patients of any age with cystic 
fibrosis, excluding oscillatory PEPs. The review 
ultimately recommended PEP as the most effec-
tive long-term intervention compared with other 
forms of physiotherapy. It also highlighted the 
need for ACTs to be individualized for the patient 
according to their stage of development, prefer-
ence, lung function, and symptoms.

The present review aims to show the effectiveness 
found in this variety of PEP devices, including the 
oscillatory type, in CF patients over 16 years of 
age. Focusing on this age group is justified by the 
progressive increase in life expectancy of these 
patients, and the exacerbation of symptoms as 
they get older.

The objective of this systematic review is to evalu-
ate the efficacy of PEP devices as a resource to 
facilitate the expulsion of mucus as well as other 
positive effects, namely the improvement of qual-
ity of life among people with CF. In turn, the 
review will also describe any adverse effects 
derived from their use.

Material and method
A systematic review was carried out in July 2021 
taking into account the Preferred Reporting Items 
for Systematic Reviews (PRISMA) recommenda-
tions.18 It was registered in the international pro-
spective register of systematic reviews PROSPERO 
database (CRD42021250470).

Articles were searched electronically in four data-
bases (PubMed, PEDro, Web of Science and 
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Scopus), without restrictions on the state of pub-
lication or language, using the following descrip-
tors: cystic fibrosis, PEP, physiotherapy, and 
physical therapy. In addition, a fan search was 
performed.

The following PICOS eligibility criteria were used 
for the selection of the articles (participants, inter-
vention, comparator, outcomes, and study design):

Participants were people with CF with a con-
firmed diagnosis based on clinical criteria, genetic 
tests and/or sweat tests, and with an age greater 
than or equal to 16 years. Regarding intervention, 
studies that used PEP as a treatment method for 
people with CF, either PEP or oscillatory PEP 
(Flutter or Acapella) were selected.

Comparator corresponded to studies comparing 
the PEP with other interventions or no interven-
tion (control group), such as PEP versus exercise 
(e.g. PEP versus treadmill exercise); PEP versus 
other respiratory therapy (e.g. PEP versus 
ACBT); PEP versus no therapy (e.g. resting 
breathing).

Outcomes were measures of pulmonary function: 
FEV1 measured by spirometry, amount of spu-
tum expectorated, or wet weight of sputum, 
among other measures.

Adverse effects were situations in which the dis-
ease worsened or unexpected events that worsen 
the participant's health condition, such as an 
exacerbation, pneumothorax, haemoptysis, other 
adverse changes in condition from baseline or 
even death.12

They had to be randomized controlled trials 
(RCTs) in regards to the study type.

Inclusion criteria: RCTs between 2010 and 2021, 
in any language. Studies presenting co-interven-
tions were accepted as long as they were compa-
rable between the intervention groups (e.g. 
administration of drugs to thin mucus to the two 
groups).

Exclusion criteria: Quasi-randomized clinical trials 
were not considered. Studies excluded were those 
that did not address CF, were not related to the 
objectives, or had a score  < 5 on the PEDro scale, 
due to low methodological quality and high risk 
of bias.

Study selection, data extraction, and management. 
Two independent authors (MJBI and PRP) 
selected the titles and abstracts of the articles that 
met the inclusion and exclusion criteria. When 
there were discrepancies between researchers, a 
third party (RLL) was consulted. Finally, the 
characteristics of each study were extracted 
independently.

The quality assessment of the included articles 
was carried out using the PEDro scale.19 In addi-
tion to the Cochrane Collaboration Risk of Bias 
scale, the risk of bias of the articles included in the 
meta-analysis was determined.20

Finally, a meta-analysis was performed with the 
Review Manager software (RevMan version 
5.4.1), which was limited due to the clinical het-
erogeneity of the included studies, including six 
of the 10 clinical trials. The I2 statistic was used 
to determine the degree of heterogeneity: 
25% = low, 50% = medium, and 75% = high 
heterogeneity. Using this scale, if I2 was 50%, a 
random effects model was used. All the results 
included were the data collected on FEV1, calcu-
lating the difference of means with a confidence 
interval of 95%. Effects plots (forest plots) were 
generated to illustrate the overall effect of the 
interventions on FEV1.

Results
A total of 394 records were obtained as a result of 
the search. After eliminating duplicate articles, 
282 were found, of which 273 were excluded 
according to the inclusion and exclusion criteria. 
In addition, an article was added as a result of the 
fan search conducted. Finally, 10 articles fulfilled 
the objective of the study and the criteria indi-
cated (Figure 1), with a total of 274 participants.

The most relevant information for each RCT 
regarding the population, interventions, duration, 
and results of the different studies is presented in 
Table 1.

In addition, each of the main variables was sub-
jected to qualitative analysis.

Participant characteristics
The age was between 17 and 48 years, with the 
exception of Radtke et  al.,21 between 22 and 
25 years, and Pryor et al.,23 up to 63 years.
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Regarding gender, in most studies the proportion 
of men is higher, except for Rodríguez Hortal 
et  al.,26 with equivalent percentages of women 
and men participating, and Radtke et al.,21 Ward 
et al.27 and Fainardi et al.,30 with a slightly higher 
proportion of women.

Variables or outcome measures
Seven of the 10 studies included assessed lung 
function through FEV1.23,25–30 Five of the studies 

also examined other types of lung function meas-
ures.22,23,26,29,30 Sputum viscoelasticity, sputum 
solids content, and ease of expectoration were 
examined in two studies.21,22 Four studies evalu-
ated the amount of sputum.25,28–30 LCI was meas-
ured in two other clinical trials.24,26 The feeling of 
congestion in the chest was analyzed in three tri-
als22,24,29 and two of these recorded the number of 
coughs.22,24 Half of the studies evaluated the well-
being of the participants using different instru-
ments: SF-36,23 CRQ,23 VAS scale,25 CFQ-R,27,29 

Figure 1. Flow Chart of the selection of articles.
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LCQ,27,28 and CASA-Q.28 Four trials measured 
tolerance to therapy.23,26,28,29 Blood oxygen was 
recorded in three studies.25,26,30 Participants’ 
preference for the techniques to which they were 
subjected was examined in four articles.25,27,28,30 
Seven trials registered the presence or not of 
adverse effects during the study.21,22,24–26,28,29 
Most studies reported that the treatment was well 
tolerated and with no adverse effects in any group, 
except for Radtke et al.,21 since during this study, 
one female patient required oral antibiotic ther-
apy for the treatment of a pulmonary exacerba-
tion and was excluded from the analyses.

Type of intervention
In all studies, there were two main comparison 
arms: PEP technique (either PEP or oscillatory 
PEP) with a control group (whatever the tech-
nique used in this control group). In turn, for the 
different studies, within the experimental group 
there may be subgroups, and in some cases, also 
within the control group.

Three studies had two comparison groups,22–24 of 
which two had a control group in which only breaths 
were taken,22,24 while the rest had a single compari-
son group.21,25–30 Two trials presented a comparison 
group that only received usual hospital care.28,29 
The different comparison groups included: physical 
exercise,21,22,24,27 AD or ACBT,23 HFCWO,25,30 
and bilevel PAP.26

Of the 10 trials included, four used only 
PEP,24,26,27,30 two used Flutter alone (oscillatory 
PEP),21,22 one used Acapella (oscillatory PEP),28 
and three used both types (PEP and oscillatory 
PEP) in therapy.23,25,29

Only four of the studies included specified 
whether the PEP technique was performed with a 
mask26,30 or with a mouthpiece.24,28

In terms of duration, two trials analyzed single-ses-
sion treatments.21,30 In four trials, the duration was 
less than 10 days for each treatment group,22,24,25,28 
while in the rest of the studies, the duration varied 
between 13 days and 12 months.23,26,29 Two studies 
carried out a washout period, one before applying 
the techniques, lasting 4 weeks,27 and the other 
between the techniques, lasting one week.28

Five trials conducted sessions lasting 20–
30 min.22,24,25,28,30 Two studies conducted sessions 

lasting 60–65 min26,29 and three studies did not 
specify sessions duration.21,23,27

Effect of interventions
PEP compared to exercise groups. Four trials 
compared PEP versus exercise.21,22,24,27 One study 
compared interval exercise with Flutter versus 
continuous cycling at moderate intensity;21 
another Flutter in relation to treadmill exercise;22 
another work compared PEP therapy with a 
mouthpiece and treadmill exercise;24 and PEP 
therapy in relation to forced expiratory techniques 
(FET).27

One study analyzed the efficacy of PEP versus 
exercise in relation to FEV1, without finding sig-
nificant differences between the groups in the 
medium term.27 Two studies evaluated the vis-
coelasticity of sputum in the short term,21,22 
agreeing that there are no significant differences 
between the two treatment groups, showing an 
improvement in both. However, regarding the 
ease of expectoration there was controversy, since 
one determined that exercise was better than 
PEP,21 while the other did not find significant dif-
ferences between the groups.22

Another study that evaluated the LCI indicates 
that PEP therapy eliminated much more mucus 
than the exercise group in the right lung and the 
central zone of both lungs, although there were no 
differences between the groups in the peripheral 
or intermediate lung zones of both lungs, both at 
the end of the intervention and 60 min later.24

Two studies agreed that the number of coughs 
was significantly higher during the application 
of PEP compared to exercise, but after the 
intervention, there were no notable differences 
between the groups.22,24 Regarding the feeling 
of congestion, one of the studies indicated that 
there were no differences between both thera-
pies,22 while the other obtained clinical 
improvement with PEP.24

In relation to well-being measured with the 
CFQ-R and LCQ questionnaires, the PEP inter-
vention obtained a higher overall score, finding a 
certain preference of patients to resume the use of 
PEP therapy.27

Three studies evaluated participants admitted for 
management of an acute exacerbation during the 
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interventions.25,29,30 And, in the study conducted 
by Ward et al.,27 if a participant in the exercise-
only group experienced a respiratory exacerba-
tion during the intervention phase, they were 
permitted to commence another form of airway 
clearance.

PEP compared with other types of respiratory ther-
apy. One study compared PEP with ACBT and 
AD;23 two PEP studies with HFCWO;25,30 and 
one study compared PEP with NIV, more specifi-
cally, with bilevel PAP.26

Four studies analyzed the efficacy of PEP versus 
another breathing technique in relation to 
FEV1.23,25,26,30 No study found differences between 
the interventions, although in the long-term study 
by Pryor et al.,23 there was an overall decrease in 
lung function of all treatment groups at 12 months, 
with Flutter and Cornet interventions being those 
that obtained a smaller decrease.

Two trials studied the efficacy of PEP compared 
with other respiratory therapies on the amount of 
sputum expectorated in the short term,25,30 find-
ing little difference between the treatment groups, 
although the group that performed PEP obtained 
a slightly higher amount.

One study compared PEP with another type of 
respiratory therapy in relation to LCI, finding sig-
nificant improvement after the use of bilevel PAP 
compared with PEP.26

Three studies described the efficacy of PEP ver-
sus other respiratory therapies on measures of 
lung function other than FEV1.23,26,28 The study 
by Pryor et al.23 reported that in terms of forced 
vital capacity (FVC), MEF25 and residual volume 
as a percentage of CPT, there were no differences 
between the intervention groups within 
12 months. The study by Rodríguez Hortal et al.23 
stated that in terms of FVC, it did not find signifi-
cant changes between the groups in a period of 
3 months. The study by Fainardi et al.30 did not 
show significant differences between the groups 
for FEF25–75 in a single session.

The efficacy of PEP versus other respiratory ther-
apy in relation to quality of life was analyzed in 
two articles.23,25 The long-term study by Pryor 
et al.23 carried out with CRQ (dyspnea, fatigue, 
emotion, and mastery of the technique), found an 

improvement in dyspnea in four of the five groups 
(Cornet was the only one that did not obtain 
improvement), among which the group with 
Flutter therapy obtained greatest improvement. 
The SF-36 showed an overall tendency for all 
groups to worsen. The study by Osman et  al.25 
found no differences to highlight between the 
groups in the short term.

The effectiveness of PEP versus other long-term 
respiratory therapy23,24 was studied using the 
modified shuttle test over a 12-month period,23 
and the 6-minute walk test over a 3-month 
period,26 but neither found significant differences 
between long-term groups.

Regarding blood oxygenation, two studies coin-
cided in not finding significant differences between 
the groups,25,26 one of them being a short-term 
study measured by pulse oximeter,25 and the other 
long-term measured by blood gas.26 The study by 
Fainardi et al.30 shows how in a single session, the 
intervention group with PEP obtained a minimal 
decrease in SaO2 measured with a pulse oximeter 
after the intervention, compared with the group 
that performed HFCWO, in which this decrease 
did not occur. These trials also reported partici-
pants’ preference for short-term PEP therapy.25,30

PEP compared with control groups without ther-
apy. Two studies compared PEP versus the con-
trol group22,24 with breaths at rest.

One trial measured the effects of oscillatory PEP 
on sputum viscoelasticity, finding a significant 
reduction both after the intervention and in the 
20 min after Flutter therapy in comparison with 
control group.22 Furthermore, among the par-
ticipants who expectorated after 5 min, a smaller 
amount of solids was found with Flutter ther-
apy.22 There were no significant differences 
between the groups when comparing the ease of 
expectorating sputum.22

With respect to LCI, PEP therapy eliminated 
much more mucus in all lung regions, both dur-
ing the intervention and after 60 min.24

Both trials agreed that PEP therapy obtained a 
much greater improvement in the feeling of 
congestion, and a greater number of coughs, 
both at the end of the intervention and later,22,24 
and there was no presence of adverse effects.22,24
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Usual therapy + PEP (nebulization + AD + PEP) 
versus usual therapy (nebulization + AD). This 
study evaluated lung function in the medium 
term, showing that it remained stable in both 
treatment groups.28 The one that included oscilla-
tory PEP increased the number of expectorations 
during nebulization; however, there were no dif-
ferences during AD or in the subsequent 
24 hours.28 The CASA-Q questionnaire showed 
improvements in the score for both interventions, 
while no intervention using the LCQ question-
naire obtained changes in the scores. In addition, 
this study showed a greater preference for PEP 
therapy, as it presented the lowest number of 
adverse effects.28

Comprehensive hospital care with NIV versus com-
prehensive hospital care alone. The influence 
and/or need for PEP therapy is evaluated in the 
presence or absence of NIV.29 In the experimental 
group, a non-statistically significant improvement 
was obtained compared with the Control Group 
(CG), and at discharge, the Experimental Group 
(EG) values were slightly higher.29 There were no 
differences between the groups in the amount of 
sputum expectoration or wet weight. Further-
more, on the second day, the CG showed a wors-
ening while the EG improved lung function 
(PEmax and PImax), although at 1 week and at dis-
charge the groups showed no differences between 
them.29 Regarding the quality of life through 
CFQ, there were no differences at discharge 
between the groups in the physical, health and 
respiratory domains, or in terms of adverse 
effects.29

Despite the main results are referred to NIV (it is 
suggested that the addition of NIV to standard 
chest physiotherapy is a useful tool to aid airway 
clearance and improve lung function and fatigue 
on discharge from the hospital in people with 
moderate to severe CF29), the preference for the 
inclusion of PEP within the therapeutic arsenal is 
also shown, although the reason for this is not 
made explicit, nor its actual need.

Meta-analysis and risk of bias of the included 
studies
The 10 trials selected have a ‘moderate’ method-
ological quality, with scores between 6 and 
8 points on the PEDro scale, with the exception of 
the study by Fainardi et al.,30 which only reached 
5 points (Table 2).
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Finally, a meta-analysis of six clinical trials was 
carried out whose FEV1 measurement was ade-
quately described (Figure 2). In CF patients, there 
is not enough evidence to confirm that PEP ther-
apy achieves improvements in FEV1 compared to 
other therapies or control group (mean difference: 
0.10; 95% CI: −0.17 to 0.38; I2: 31%).

The Cochrane Collaboration Risk of Bias scale is 
described for these RCTs. Some were at high risk 
of bias in various domains, such as study design, 
or did not provide enough information to con-
clude on risk of bias. The randomization process 
was adequately described in the studies, being 
low risk in all, except Fainardi et al.,30 which had 
a high risk of bias. Regarding allocation conceal-
ment (selection bias), half of the studies are at 
lower risk24,26,29and the other half are at higher 
risk.23,25,30 Due to the nature of the interventions, 
all studies were at high risk of performance bias. 
Only the study by Dwyer et al.29 had a high risk 
of detection bias. Regarding the wear bias, the 
Pryor et al.23 study had losses to follow up and 
used intention-to-treat analysis. Many of these 
biases may have affected the results of clinical 
 trials (Figure 3).

Discussion
The objective of this review was to evaluate the 
efficacy of the PEP technique in CF patients over 
16 years of age, through secretion clearance, lung 
function and other measures, such as quality of 
life or patient preference in relation to the tech-
nique used. In the 10 RCTs included, the PEP 
technique has been compared with physical exer-
cise or other respiratory therapies.

The ACTs used from respiratory physiotherapy 
are prescribed to help eliminate mucus from the 

airways and are usually started as soon as CF is 
diagnosed, improving ventilation, lung mechanics 
and reducing the impact of infection on the air-
ways.12,13 In this systematic review, we made com-
parisons of articles about PEP with exercise groups 
(such as cycle ergometer, cycling, walking, jogging 

Figure 2. Meta-analysis of randomized clinical trials based on FEV1 results.

Figure 3. Risk of bias of the included studies.
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or step-ups),21,22,24,27 PEP with groups of other 
types of respiratory therapy (for example, 
HFCWO, ACBT, AD, bilevel PAP)23,25,26,30 and 
PEP with control groups without therapy (such 
as breath or usual care).22,24 Also compared was 
the usual therapy (nebulization + AD) + PEP 
versus only usual therapy,28 and comprehensive 
hospital care with non-invasive ventilation (NIV) 
versus comprehensive hospital care only.29

This review included a total of 274 participants 
with CF between the ages of 16 and 63, the 
majority of which were male. The sample size in 
the different studies ranged from 13 to 53 partici-
pants. The technique used ranged from PEP to 
oscillatory PEP with Flutter, Cornet, or Acapella. 
There were also different modes of use, with a 
mouthpiece or with a mask. The PEP compared 
various therapies and the intervention period 
ranged from a single treatment session to a 
12-month intervention studies. The duration of 
the sessions ranged from 20 to 65 min. All these 
factors, together with the small number of stud-
ies, the use of different measurement scales to 
compare the groups and the limited information 
available from some authors, limited the possibil-
ity of performing the meta-analysis with all the 
studies included.

Lung function, and particularly FEV1, is related 
to the survival12,31 of CF patients. This parameter 
is affected throughout their lives, decreasing life 
expectancy. Three of the 10 clinical trials21,22,24 
did not collect this outcome measure, which was 
used in the meta-analysis.

Dwyer et  al.29 reported that 85% of the partici-
pants in the control group made use of PEP ther-
apy, and 38.9% of the experimental group 
received treatment with NIV and needed the use 
of PEP. This shows that the PEP is necessary on 
many occasions in CF patients, despite receiving 
other treatments.

Several studies reported patients’ preference for PEP 
therapy.25,27,30 Another investigation28 also indicated 
that with the use of oscillatory PEP, the amount of 
sputum expelled increased during nebulization, in 
addition to finding a lower number of adverse events 
compared with nebulization alone, which led 
patients to show a certain preference for it use.28

Two studies compared PEP with HFCWO25,30 in 
patients admitted to hospital with an acute 

exacerbation, finding differences in the amount of 
sputum expectorated after the intervention, with a 
higher amount of wet weight in the PEP group. 
Neither HFCWO nor any of the usual ACTs were 
associated with any adverse clinical events.25 Fainardy 
et al.30 study showed that HFCWO was comparable 
to PEP in terms of sputum production and lung 
function effects, but not in terms of acceptability.30

Among the 10 studies included in this review, 
only seven21,22,24–26,28,29 reported if there were 
adverse effects or not, all agreeing on the absence 
of serious adverse effects during or after the 
interventions.

The quality of the evidence was moderate in 
most clinical trials. In all likelihood, by using 
crossover designs in the studies less evidence 
was obtained, as it was not possible to blind the 
participants or the therapists; although blinding 
the assessors in all studies (except for one28) led 
to a lower risk of bias and a higher quality of 
evidence. The lack of clear information in cer-
tain trials on concealed allocation also increased 
the risk of bias in this review.23,25,30 The informa-
tion provided by the articles included on the pri-
mary outcomes was of low to moderate quality 
and was not analyzed in all comparisons. The 
lack and imprecision of this information and 
other outcome measures caused the quality to 
vary from very low to moderate.

In a review by Morrison et al.16 in 2020 sought to 
identify the effectiveness of oscillatory devices, 
both oral and thoracic, in mucociliary clearance 
in CF patients aged between four and 63 years. 
The results indicated that there is no evidence 
that these devices are better than other types of 
respiratory techniques (low or very low quality of 
evidence) and the frequency of exacerbations that 
required treatment with antibiotics was higher 
with the use of oscillatory devices than with PEP. 
Previously in 2019, McIlwaine et al.12 had recom-
mended PEP (not including oscillatory PEP) as 
the most acceptable long-term intervention com-
pared with other techniques. In 2013, McIlwaine 
et al.32 had compared PEP therapy using a mask 
versus high-frequency chest wall oscillation 
(HFCWO) in a long-term multicentre rand-
omized controlled study. Lung function, health-
related quality of life, or patient satisfaction 
showed no significant difference between the two 
groups, although the time of treatment required 
using PEP mask therapy was significantly shorter. 
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With regards to adverse outcomes, there was a 
significantly higher exacerbation rate in the 
HFCWO group compared with the PEP group, 
and significantly fewer days to first exacerbation, 
indicating that the HFCWO is not as effective as 
PEP in preventing exacerbations. Both of these 
aspects highlight the significant superiority of 
PEP therapy using a mask. This study concluded 
in favor of PEP use, while not supporting 
HFCWO use as technique of choice for airway 
clearance in patients with CF.32

Other reviews, such as Moran et al.,33 have ana-
lyzed the effectiveness of techniques such as NIV 
regarding their non-use, for mucociliary clearance 
during sleep and exercise, in patients with CF. 
Their findings indicated that NIV is a good com-
plement to other airway clearance techniques for 
CF patients, highlighting that NIV combined 
with oxygen therapy improves gas exchange dur-
ing sleep. However, its effectiveness on exercise, 
pulmonary exacerbations, and disease progres-
sion was not clear.

In 2019, a global review of Cochrane systematic 
reviews conducted by Wilson et al.34 on the effec-
tiveness and safety of different airway clearance 
techniques in people with CF, found no evidence 
that these techniques are better than others, rec-
ommending that the choice of these should be 
based on comfort, convenience, cost or other 
individual factors, according to the needs of each 
patient. Similar to the results of our 2021 review, 
Wilson et  al.34 were not able to draw definitive 
conclusions for comparisons of airway clearance 
techniques in terms of FEV1, except when it is 
indicated with moderate evidence that there are 
no differences between treatment with PEP and 
oscillation devices after 6 months of treatment.34 
All six reviews included were considered to be at 
low risk of bias. However, the individual trials 
included in the reviews often did not reveal 
enough information to adequately assess this risk 
of bias.34

Among the limitations of our review, it is worth 
highlighting the fact that there are few studies 
with high methodological quality and low risk of 
bias to demonstrate the efficacy of PEP therapy in 
CF patients, with small samples and different 
characteristics. Disparity in number of partici-
pants, length of sessions, follow-up, or underre-
porting of some outcome measures increased the 
risk of bias in this systematic review.

In addition, the use of sputum as a comparator 
requires the distinction between wet weight ver-
sus dry weight of sputum, which is missing in 
most of the studies. Only Osman et al.25 specified 
the measure of wet weight sputum, and referred 
to previous work findings on wet weight and dry 
weight sputum being proportional.

Future lines of research should carry out trials 
that compare PEP therapy with other respiratory 
therapies and/or with long-term exercise, consid-
ering the lung function and the amount of spu-
tum (dry/wet weight) expectorated in the results, 
to objectively verify the efficacy of this technique 
in elimination of mucus, and thus obtain more 
solid conclusions. It will also be necessary to con-
sider lung clearance index, well-being or quality 
of life, tolerance, preferences, and adverse effects 
as outcome measures in the studies, because the 
number of studies that include these measures are 
insufficient to demonstrate the efficacy of the 
PEP therapy, in this sense.

Among the implications of these studies for clini-
cal practice, this review is aimed to describe the 
most effective techniques that would achieve an 
improvement in lung function, fewer respiratory 
exacerbations in CF, and therefore less need for 
the use of medicines for the expulsion of mucus, 
or a probable reduction of hospitalization time – 
aspects that would result in a reduction in health-
care costs produced by repeated lung infections. 
The low or moderate evidence presented describes 
which treatment best affects the quality of life of 
CF patients, as well as the one that produces bet-
ter adherence or whether there is a greater prefer-
ence, for example, in the use of PEP therapy with 
respect to other therapies.

Conclusion
In relation to the treatment of people with CF, we 
found moderate evidence that PEP therapy is 
more effective than both CG without intervention 
and usual physiotherapy care, both in-hospital 
and out-of-hospital (or outpatient) for most of the 
measures in this study. The number of coughs 
and the amount of sputum expectorated is greater 
during PEP therapy than during other respiratory 
physiotherapy or during exercise. The results sug-
gest that PEP therapy achieves a greater improve-
ment in LCI than exercise, but there is not enough 
evidence to confirm that PEP therapy improves 
FEV1 over other therapies.
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PEP therapy is not associated with the appear-
ance of adverse effects, which makes it a safe ther-
apy and, therefore, it is often chosen by patients 
over other alternatives.

Author contributions
Patricia Rocamora-Pérez: Conceptualization; 
Investigation; Methodology; Project administra-
tion; Supervision; Writing – original draft; Writing 
– review & editing.

María Jesús Benzo-Iglesias: Conceptualization; 
Formal analysis; Investigation; Methodology; 
Resources; Validation; Visualization; Writing – 
review & editing.

María de los Ángeles Valverde-Martínez: 
Conceptualization; Investigation; Methodology; 
Supervision; Writing – original draft; Writing – 
review & editing.

Amelia Victoria García-Luengo: Conceptuali-
zation; Data curation; Formal analysis; Investi-
gation; Methodology; Resources; Software; 
Supervision; Validation; Visualization; Writing – 
original draft; Writing – review & editing.

Jose Manuel Aguilar-Parra: Conceptualization; 
Investigation; Methodology; Resources; 
Supervision; Writing – original draft; Writing – 
review & editing.

Ruben Trigueros: Conceptualization; Formal 
analysis; Investigation; Methodology; Resources; 
Software; Validation; Writing – original draft; 
Writing – review & editing.

Remedios López-Liria: Conceptualization; 
Investigation; Methodology; Project administra-
tion; Resources; Supervision; Validation; Writing 
– review & editing.

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

ORCID iD
Remedios López-Liria  https://orcid.org/0000- 
0002-3416-2791

References
 1. Ratjen F, Bell SC, Rowe SM, et al. Cystic 

fibrosis. Nat Rev Dis Primers 2015; 1: 15010, 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC7041544/ (accessed 30 March 2021).

 2. Rafeeq MM and Murad HAS. Cystic fibrosis: 
current therapeutic targets and future approaches. 
J Transl Med 2017; 15: 84, https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC5408469/ (accessed 30 
March 2021).

 3. Navarro S. Historical compilation of 
cystic fibrosis. Gastroenterol Hepatol 
2016; 39: 36–42, https://www.elsevier.es/
es-revista-gastroenterologia-hepatologia-
14-articulo-recopilacion-historica-fibrosis-
quistica-S0210570515001156 (accessed 30 
March 2021).

 4. Respiratory physiotherapy in cystic fibrosis. 
Ephysiotherapy 2008, https://www.efisioterapia.
net/articulos/fisioterapia-respiratoria-fibrosis-
quistica (accessed 30 March 2021).

 5. Cantin AM, Hartl D, Konstan MW, et al. 
Inflammation in cystic fibrosis lung disease: 
pathogenesis and therapy. J Cyst Fibros 2015; 14: 
419–430, https://www.cysticfibrosisjournal.com/
article/S1569-1993(15)00058-2/fulltext (accessed 
30 March 2021).

 6. MacKenzie T, Gifford AH, Sabadosa KA, et al. 
Longevity of patients with cystic fibrosis in 2000 
to 2010 and beyond: survival analysis of the cystic 
fibrosis foundation patient registry. Ann Intern 
Med 2014; 161: 233–241, https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC4687404/ (accessed 30 
March 2021).

 7. Burgener EB and Moss RB. Cystic fibrosis 
transmembrane conductance regulator 
modulators: precision medicine in cystic fibrosis. 
Curr Opin Pediatr 2018; 30: 372–377.

 8. Salcedo Posada A, Gartner S, Girón Moreno 
RM, et al. Treaty of cystic fibrosis. February 
2012. Editorial Justim SL, 2012, https://www.
aeped.Es/sites/default/files/documentos/tratado_
fibro_quistica.pdf (accessed 30 March 2021).

 9. Asensio O, Bosque M, Marco T, et al. Home 
intravenous antibiotics for cystic fibrosis. 
Cochrane Database Syst Rev 2000; 4: CD001917, 
https://www.cochranelibrary.com/cdsr/
doi/10.1002/14651858.CD001917/full (accessed 
30 March 2021).

 10. Strandvik B, Hjelte L, Malmborg AS, et al. 
Home intravenous antibiotic treatment of 
patients with cystic fibrosis. Acta Paediatrica 
1992; 81: 340–344, https://onlinelibrary.

https://journals.sagepub.com/home/tar
https://orcid.org/0000-0002-3416-2791
https://orcid.org/0000-0002-3416-2791
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7041544/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7041544/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5408469/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5408469/
https://www.elsevier.es/es-revista-gastroenterologia-hepatologia-14-articulo-recopilacion-historica-fibrosis-quistica-S0210570515001156
https://www.elsevier.es/es-revista-gastroenterologia-hepatologia-14-articulo-recopilacion-historica-fibrosis-quistica-S0210570515001156
https://www.elsevier.es/es-revista-gastroenterologia-hepatologia-14-articulo-recopilacion-historica-fibrosis-quistica-S0210570515001156
https://www.elsevier.es/es-revista-gastroenterologia-hepatologia-14-articulo-recopilacion-historica-fibrosis-quistica-S0210570515001156
https://www.efisioterapia.net/articulos/fisioterapia-respiratoria-fibrosis-quistica
https://www.efisioterapia.net/articulos/fisioterapia-respiratoria-fibrosis-quistica
https://www.efisioterapia.net/articulos/fisioterapia-respiratoria-fibrosis-quistica
https://www.cysticfibrosisjournal.com/article/S1569-1993(15)00058-2/fulltext
https://www.cysticfibrosisjournal.com/article/S1569-1993(15)00058-2/fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687404/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4687404/
https://www.aeped.Es/sites/default/files/documentos/tratado_fibro_quistica.pdf
https://www.aeped.Es/sites/default/files/documentos/tratado_fibro_quistica.pdf
https://www.aeped.Es/sites/default/files/documentos/tratado_fibro_quistica.pdf
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001917/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD001917/full
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.16512227.1992.tb12239.X?sid=nlm%3Apubmed


P Rocamora-Pérez, MJ Benzo-Iglesias et al.

journals.sagepub.com/home/tar 15

wiley.com/doi/abs/10.1111/j.16512227.1992.
tb12239.X?sid=nlm%3Apubmed (accessed 30 
March 2021).

 11. Solé A. Manual of medical emergencies in cystic 
fibrosis. Valencia: Spanish Federation of Cystic 
Fibrosis, 2013, http://fqcantabria.org/wp-content/
uploads/2017/10/manual-urgencias-medicas-en-
la-fq.pdf (accessed 30 March 2021).

 12. McIlwaine M, Button B and Nevitt SJ. 
Positive expiratory pressure physiotherapy for 
airway clearance in people with cystic fibrosis. 
Cochrane Database Syst Rev 2019; 2019: 
CD003147, https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC6953327/ (accessed 30 March 
2021).

 13. McIlwaine MP, Lee Son NM and Richmond 
ML. Physiotherapy and cystic fibrosis: what 
is the evidence base. Curr Opin Pulm Med 
2014; 20: 613–617, https://journals.lww.com/
copulmonarymedicine/Fulltext/2014/11000/
Physiotherapy_and_cystic_fibrosis__what_is_
the.14.aspx (accessed 30 March 2021).

 14. Stanford G, Parrott H, Bilton D, et al. 
Randomized cross-over trial evaluating the 
short-term effects of non-invasive ventilation 
as an adjunct to airway clearance techniques in 
adults with cystic fibrosis. BMJ Open Respir Res 
2019; 6: e000399, https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC6530498/ (accessed 30 March 
2021).

 15. Radtke T, Nevitt SJ, Hebestreit H, et al. Physical 
exercise training for cystic fibrosis. Cochrane 
Database Syst Rev 2017; 2017: CD002768, 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6485991/ (accessed 30 March 2021).

 16. Morrison L and Milroy S. Oscillating devices 
for airway clearance in people with cystic 
fibrosis. Cochrane Database Syst Rev 2020; 4: 
CD006842, https://www.cochranelibrary.com/
cdsr/doi/10.1002/14651858.CD006842.pub5/full 
(accessed 30 March 2021).

 17. Demchuk AM and Chatburn RL. Performance 
characteristics of positive expiratory pressure 
devices. Respir Care 2021; 66: 482–493.

 18. Moher D, Liberati A, Tetzlaff J, et al. Preferred 
reporting items for systematic reviews and meta-
analyzes: the prisma statement. PLoS Med 2021; 
6: e1000097, https://www.ncbi.nlm.nih.gov/
pmc/articles/PMC2707599/ (accessed 30 March 
2021).

 19. Maher CG, Sherrington C, Herbert RD, et al. 
Reliability of the PEDro scale for rating quality 
of randomized controlled trials. Phys Ther 2003; 

83: 713–721, https://pubmed.ncbi.nlm.nih.
gov/12882612/ (accessed 30 March 2021).

 20. Hartling L, Ospina M, Liang Y, et al. Risk of bias 
versus quality assessment of randomized controlled 
trials: cross sectional study. BMJ 2009; 339: 
1017, https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2764034/ (accessed 30 March 2021).

 21. Radtke T, Böni L, Bohnacker P, et al. Acute 
effects of combined exercise and oscillatory 
positive expiratory pressure therapy on sputum 
properties and lung diffusing capacity in cystic 
fibrosis: a randomized, controlled, crossover 
trial. BMC Pulm Med 2018; 18: 99, https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC6000950/ 
(accessed 30 March 2021).

 22. Dwyer TJ, Zainuldin R, Daviskas E, et al. 
Effects of treadmill exercise versus Flutter® on 
respiratory flow and sputum properties in adults 
with cystic fibrosis: a randomized, controlled, 
cross-over trial. BMC Pulm Med 2017; 17: 14, 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC5225514/ (accessed 30 March 2021).

 23. Pryor JA, Tannenbaum E, Scott SF, et al. 
Beyond postural drainage and percussion: 
airway clearance in people with cystic fibrosis. 
J Cyst Fibros 2010; 9: 187–192, https://www.
cysticfibrosisjournal.com/article/S1569-
1993(10)00008-1/fulltext (accessed 30 March 
2021).

 24. Dwyer TJ, Daviskas E, Zainuldin R, et al. 
Effects of exercise and airway clearance (positive 
expiratory pressure) on mucus clearance in cystic 
fibrosis: a randomized crossover trial. European 
Respiratory Journal 2019; 53: 1801793, https://erj.
ersjournals.com/content/53/4/1801793 (accessed 
30 March 2021).

 25. Osman LP, Roughton M, Hodson ME, et al. 
Short-term comparative study of high frequency 
chest wall oscillation and European airway 
clearance techniques in patients with cystic 
fibrosis. Thorax 2010; 65: 196–200, https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC2922723/ 
(accessed 30 March 2021).

 26. Rodriguez Hortal MC, Nygren-Bonnier M and 
Hjelte L. Non-invasive ventilation as airway 
clearance technique in cystic fibrosis. Physiother 
Res Int 2017; 22: e1667, https://onlinelibrary.
wiley.com/doi/10.1002/pri.1667

 27. Ward N, Stiller K, Rowe H, et al. Airway 
clearance by exercising in mild cystic fibrosis 
(ACE-CF): a feasibility study. Respir Med 2018; 
142: 23–28, https://www.resmedjournal.com/
article/S0954-6111(18)30238-5/fulltext (accessed 
30 March 2021).

https://journals.sagepub.com/home/tar
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.16512227.1992.tb12239.X?sid=nlm%3Apubmed
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.16512227.1992.tb12239.X?sid=nlm%3Apubmed
http://fqcantabria.org/wp-content/uploads/2017/10/manual-urgencias-medicas-en-la-fq.pdf
http://fqcantabria.org/wp-content/uploads/2017/10/manual-urgencias-medicas-en-la-fq.pdf
http://fqcantabria.org/wp-content/uploads/2017/10/manual-urgencias-medicas-en-la-fq.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6953327/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6953327/
https://journals.lww.com/copulmonarymedicine/Fulltext/2014/11000/Physiotherapy_and_cystic_fibrosis__what_is_the.14.aspx
https://journals.lww.com/copulmonarymedicine/Fulltext/2014/11000/Physiotherapy_and_cystic_fibrosis__what_is_the.14.aspx
https://journals.lww.com/copulmonarymedicine/Fulltext/2014/11000/Physiotherapy_and_cystic_fibrosis__what_is_the.14.aspx
https://journals.lww.com/copulmonarymedicine/Fulltext/2014/11000/Physiotherapy_and_cystic_fibrosis__what_is_the.14.aspx
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6530498/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6530498/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6485991/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6485991/
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006842.pub5/full
https://www.cochranelibrary.com/cdsr/doi/10.1002/14651858.CD006842.pub5/full
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707599/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2707599/
https://pubmed.ncbi.nlm.nih.gov/12882612/
https://pubmed.ncbi.nlm.nih.gov/12882612/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2764034/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2764034/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000950/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000950/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5225514/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5225514/
https://www.cysticfibrosisjournal.com/article/S1569-1993(10)00008-1/fulltext
https://www.cysticfibrosisjournal.com/article/S1569-1993(10)00008-1/fulltext
https://www.cysticfibrosisjournal.com/article/S1569-1993(10)00008-1/fulltext
https://erj.ersjournals.com/content/53/4/1801793
https://erj.ersjournals.com/content/53/4/1801793
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2922723/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2922723/
https://onlinelibrary.wiley.com/doi/10.1002/pri.1667
https://onlinelibrary.wiley.com/doi/10.1002/pri.1667
https://www.resmedjournal.com/article/S0954-6111(18)30238-5/fulltext
https://www.resmedjournal.com/article/S0954-6111(18)30238-5/fulltext


Therapeutic Advances in Respiratory Disease 16

16 journals.sagepub.com/home/tar

 28. San Miguel-Pagola M, Reychler G, Cebrià i 
Iranzo MA, et al. Impact of hypertonic saline 
nebulisation combined with oscillatory positive 
expiratory pressure on sputum expectoration and 
related symptoms in cystic fibrosis: a randomized 
crossover trial. Physiotherapy 2020; 107:  
243–251, https://www.sciencedirect.com/science/
article/pii/S0031940618303031 (accessed 30 
March 2021).

 29. Dwyer TJ, Robbins L, Kelly P, et al. Non-invasive 
ventilation used as an adjunct to airway clearance 
treatments improves lung function during an 
acute exacerbation of cystic fibrosis: a randomized 
trial. Journal of Physiotherapy 2015; 61: 142–147, 
https://www.sciencedirect.com/science/article/pii/
S1836955315000594?via%3Dihub (accessed 30 
March 2021).

 30. Fainardi V, Longo F, Faverzani S, et al. Short-
term effects of high-frequency chest compression 
and positive expiratory pressure in patients with 
cystic fibrosis. J Clin Med Res 2011; 3: 279–284, 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC3279471/ (accessed 30 March 2021).

 31. Liou TG, Adler FR, FitzSimmons SC, et al. 
Predictive 5-year survivorship model of cystic 
fibrosis. Am J Epidemiol 2001; 153: 345–352, 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC2198936/ (accessed 30 March 2021).

 32. McIlwaine MP, Alarie N, Davidson GF, et al. 
Long-term multicentre randomised controlled 
study of high frequency chest wall oscillation 
versus positive expiratory pressure mask in cystic 
fibrosis. Thorax 2013; 68: 746–751.

 33. Moran F, Bradley JM and Piper AJ. No 
N-invasive ventilation for cystic fibrosis. 
Cochrane Database Syst Rev 2017; 2017: 
CD002769, https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC6464053/ (accessed 30 March 
2021).

 34. Wilson LM, Morrison L and Robinson KA. 
Airway clearance techniques for cystic fibrosis: 
an overview of Cochrane systematic reviews. 
Cochrane Database Syst Rev 2019; 1: CD011231, 
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC6353051/ (accessed 30 March 2021).

Visit SAGE journals online 
journals.sagepub.com/
home/tar

SAGE journals

https://journals.sagepub.com/home/tar
https://www.sciencedirect.com/science/article/pii/S0031940618303031
https://www.sciencedirect.com/science/article/pii/S0031940618303031
https://www.sciencedirect.com/science/article/pii/S1836955315000594?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S1836955315000594?via%3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279471/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3279471/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2198936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2198936/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6464053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6464053/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353051/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6353051/
https://journals.sagepub.com/home/tar
https://journals.sagepub.com/home/tar

