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Cystic fibrosis (CF) is a genetic disease characterized by dehydration of airway surface liquid and
impaired mucociliary clearance. As a result, there is difficulty clearing pathogens from the lung,
and patients experience chronic pulmonary infections and inflammation. Clearance of airway
secretions has been a primary therapy for those with CF, and a variety of airway clearance
therapies (ACTs) have been developed. Because ACTs are intrusive and require considerable time
and effort, it is important that appropriate techniques are recommended on the basis of available
evidence of efficacy and safety. Therefore, the Cystic Fibrosis Foundation established a committee
to examine the clinical evidence for each therapy and provide guidance for their use. A systematic
review was commissioned, which identified 7 unique reviews and 13 additional controlled trials that
addressed one or more of the comparisons of interest and were deemed eligible for inclusion.
Recommendations for use of the ACTs were made, balancing the quality of evidence and the
potential harms and benefits. The committee determined that, although there is a paucity of
controlled trials that assess the long-term effects of ACTs, the evidence quality overall for their use
in CF is fair and the benefit is moderate. The committee recommends airway clearance be per-
formed on a regular basis in all patients. There are no ACTs demonstrated to be superior to others,
so the prescription of ACTs should be individualized. Aerobic exercise is recommended as an
adjunctive therapy for airway clearance and for its additional benefits to overall health. Key words:
cystic fibrosis, airway clearance, exercise, autogenic drainage, active cycle of breathing, PEP, oscillating
PEP, high frequency chest wall compression, guidelines, systematic review. [Respir Care 2009;54(4):
522–537. © 2009 Daedalus Enterprises]
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Introduction

Cystic fibrosis (CF) is a complex disorder affecting many
organs, although 85% of the mortality is a result of lung
disease.1 The pathophysiology of CF lung disease begins
early in life with abnormal airway surface fluid resulting
in impaired mucociliary clearance and consequent obstruc-
tion of the small airways by mucus.2 Chronic infection of
the airways and an exaggerated inflammatory response
further obstruct the airways with bacteria as well as cel-
lular debris from the lysis of large numbers of neutro-
phils.3–6 The rapid degradation of these cells and release
of their intracellular contents, including neutrophil-derived
deoxyribonucleic acid (DNA) and filamentous actin (F-
actin), further increase the viscosity and adhesivity of the
airway secretions.7,8 The secretions present in the CF air-
ways contain pathogenic bacteria and inflammatory cyto-

SEE THE RELATED EDITORIAL ON PAGE 458

kines that perpetuate the injury to the airways by recruiting
new inflammatory cells. It is intuitive that to maintain lung
health, individuals with CF should clear their airways of
these secretions in order to relieve the obstruction of the
airways, as well as reduce infection and inflammation.
These individuals become dependent upon cough and other
techniques to clear their airways of the thick sputum. Air-
way clearance therapies (ACTs) have thus long been con-
sidered the most fundamental tool in the management of
CF airway disease.

To provide guidance to the clinician who must choose
from an ever-expanding arsenal of treatments for chronic
CF lung disease, the CF Foundation established the Pul-

monary Therapies Committee. This document represents
the committee’s recommendations, based on available ev-
idence, for the use of ACTs intended to maintain lung
health.

Methods

Assessment of Evidence

A preliminary meeting of the Pulmonary Therapies Com-
mittee (Appendix) was held in November 2006 to initiate
the process of identifying and prioritizing therapies to be
covered in these guidelines. Only those ACTs believed to
be used with regularity in patients and for which there
would be peer-reviewed literature were selected for con-
sideration (Table 1).

The committee members developed and refined a series
of Questions related to ACTs. For each therapy, the com-
mittee asked (1) What is the efficacy of the therapy com-
pared with no therapy? and (2) What is the efficacy of the
therapy compared with the other therapies under review?
Outcomes that were considered included sputum produc-
tion, lung function, arterial oxygen saturation, exercise
tolerance, exacerbations, adverse events, mortality, quality
of life measures, and patient preferences.

A systematic review was commissioned from Johns Hop-
kins University. Because of the breadth of the questions to
be addressed, existing systematic reviews were consid-
ered.9 The existing systematic reviews were identified via
a search of The Cochrane Library, PubMed, and the Cu-
mulative Index of Nursing and Allied Health Literature.
The relevant systematic reviews were used to identify pri-
mary studies conducted up to the date of the most recent
search in the reviews. A new search was also carried out
to identify relevant primary studies not included in exist-
ing systematic reviews (ie, completed since the last date of
searching performed for the relevant systematic reviews).
Searches of PubMed, EMBASE, Cochrane Central Regis-
ter of Controlled Trials (CINAHL), PsycInfo, and the
Cochrane Central Register of Controlled Trials (CEN-
TRAL) were performed for studies published between 1999
and our completion date in April 2007. Reference lists of
eligible primary studies were also scanned.

Process of Drafting Recommendations

Members of the committee were provided with summa-
ries of relevant existing systematic review(s) and a qual-
itative synthesis of identified studies that were not in-
cluded in the existing systematic reviews. Subcommittees
were formed to review the evidence for each specific treat-
ment. Their assessment of the evidence and draft state-
ments were presented to the full committee at a guideline
development meeting in September 2007. Recommenda-
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tions were made using the United States Preventive Ser-
vices Task Force (USPSTF) grading scheme,10 which pro-
vides a mechanism to weigh the quality of evidence and
the potential harms and benefits in determining recom-
mendations (Table 2).

A draft of the recommendations was presented at the
2007 North American Cystic Fibrosis Conference; addi-
tionally, the committee solicited commentary from the CF
community, which includes physicians, nurses, physical
therapists, and respiratory therapists, among others. This

input was considered by the committee in development of
these recommendations.

Results

Systematic Review

(i) Existing Systematic Reviews
We identified 41 unique citations in our search for ex-

isting systematic reviews (Fig. 1). Thirty-four articles were

Table 2. What the Recommendation Grades Mean, and Suggestions For Practice

Grade Definition Suggestions for Practice

A The committee recommends the service. There is high certainty that the
net benefit is substantial.

Offer/provide this service.

B The committee recommends the service. There is high certainty that the
net benefit is moderate or there is moderate certainty that the net
benefit is moderate to substantial.

Offer/provide this service.

C The committee recommends against routinely providing the service.
There may be considerations that support providing the service to an
individual patient. There is moderate or high certainty that the net
benefit is small.

Offer/provide this service only if other considerations support
offering or providing the service to an individual patient.

D The committee recommends against the service. There is moderate or
high certainty that the service has no net benefit or that the harms
outweigh the benefits.

Discourage the use of this service.

I The committee concludes that the current evidence is insufficient to
assess the balance of benefits and harms of the service. Evidence is
lacking, of poor quality, or conflicting, and the balance of benefits
and harms cannot be determined.

Read clinical considerations section of the recommendations.
If the service is offered, patients should understand the

uncertainty about the balance of benefits and harms.

(Adapted from Reference 92.)

Table 1. Airway Clearance Techniques

Technique Method

Percussion and postural drainage (P&PD)* Postural drainage, percussion, and vibration of the chest
Positive expiratory pressure (PEP)86,87 Expiratory breathing against pressure at 10–25 cm H2O to raise functional residual capacity or

re-inflate collapsed lung
Resistor at 10–25 cm H2O to retard expiratory airflow and prevent complete exhalation; or
Expiration against a device that generates pressure of 40–100 cm H2O (high-pressure PEP)

Active-cycle-of-breathing technique (ACBT)58,88,89 1. Thoracic expansion exercises
2. Controlled breathing to aerate alveoli and distal airways, move mucus to proximal airways
3. Forced expiratory technique to clear secretions

Autogenic drainage (AD)90 Tidal breathing (controlled expiratory flow) at:
1. Low lung volumes to unstick mucus in peripheral airways
2. Mid-lung volumes to collect mucus in middle airways
3. High lung volumes to expel mucus from central airways

Oscillatory PEP (OPEP) Devices include:
Intermittently interrupt expiratory flow
Causes air to vibrate

High-frequency chest compression (HFCC)91 Pulses of pressure through inflatable compressive vest to vibrate airways, which increases
airflow at low lung volume to increase mobilization of sputum

Exercise Regular vigorous activity designed to improve physical, heart, and/or muscle strength
Aerobic training (eg, cycling, running) for a set time at target intensity
Anaerobic training (eg, weight or resistance training, sprinting) for short time at high intensity

* There is very poor consensus on the definition of percussion and postural drainage; although it may be argued that it requires the use of hands or devices to generate percussion or vibration, this is
not universally accepted.
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omitted, primarily because the articles did not address
one of the study Questions or did not describe a review.
The American College of Chest Physicians Clinical Prac-
tice Guidelines on ACTs11 was identified in our search,
but it included conditions other than CF and was there-
fore excluded. Seven reviews were thus identified, of
which 5 were Cochrane reviews. Four reviews addressed
percussion and postural drainage (P&PD),12-15 2 reviews
addressed positive expiratory pressure (PEP),15,16 and 2
addressed physical training.17,18 Elkins and co-work-
ers16 were the only reviewers to address high pressure
PEP (hPEP), while Hess15 was the only reviewer to
address any oscillating PEP devices (OPEP), high fre-
quency chest compression (HFCC), autogenic drainage
(AD), or the active cycle of breathing technique (ACBT).

(ii) Systematic Reviews of Original Research
Our search for studies published since the completion

of existing systematic reviews identified a total of 443
unique citations (Fig. 2). All but 13 of the studies were
omitted, primarily because they did not address a re-
view Question (n � 263), did not report a clinical trial
(n � 94), or did not contain original data (n � 100).
Five of the included studies assessed P&PD,19-22 2 stud-
ies assessed PEP,23,24 4 assessed OPEP,21,22,25,26 6 as-
sessed HFCC,19,20,22,24,25,27 3 assessed physical or exer-
cise training,28-30 and 3 assessed ACBT.26,27 No
additional studies were identified addressing hPEP or
AD.

Assessment of Evidence

For each question the results are discussed by the var-
ious end points under consideration.

Question: What Is the Efficacy of Any ACT
Compared with No Therapy?

Perhaps because airway clearance has been considered a
vital part of CF care for decades, few studies exist that
compare an ACT with no intervention at all. Most studies
that attempted this comparison utilized directed coughing
or postural drainage (PD) as the control, although in some
studies, directed cough was considered a forced expiration
technique (FET), and PD was considered a form of P&PD.
In this review, the committee considered PD equivalent to
“no therapy,” and directed cough equivalent to FET.

Sputum Production
The studies that assessed ACT-induced increases in spu-

tum production examined the effects of P&PD or PEP
(Table 3) on amount of sputum expectorated. The com-
mittee chose to look solely at actual sputum production.
Although we recognize that sputum weight has not been
validated as a clinically useful outcome measure, clini-

Fig. 1. Literature search for systematic reviews. MEDLINE was
accessed via PubMed. CINAHL � Cumulative Index to Nursing
and Allied Health Literature.

Fig. 2. Literature search for original research. MEDLINE was ac-
cessed via PubMed. EMBASE � Excerpta Medica database. CEN-
TRAL � Cochrane CENTRAL Register of Controlled Trials. CI-
NAHL � Cumulative Index to Nursing and Allied Health Literature.
PsycInfo � Psychological Literature database.
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cians commonly use sputum production in their patient
assessment, and patients commonly consider sputum pro-
ductions in their own assessment of the efficacy of ACT.
The committee elected to exclude mucus clearance mea-
sured by radiotracer as an outcome measure because there
were limited data and the relevance to clinical outcomes
was unclear.

P&PD: There were 4 trials (n � 70) assessing the ef-
fects of P&PD compared with no therapy. Three of the
trials consisted of only one treatment31-33; one study lasted
for 4 treatments.34 All of the trials demonstrated more
sputum production with P&PD compared to no therapy.

PEP: Our search for effects on sputum production re-
vealed only one trial that met our inclusion criteria. The
trial, in 17 hospitalized patients, demonstrated greater spu-
tum production after PEP therapy compared with no ther-
apy (wet weight 15.78 g vs 13.78 g, P � .05, no difference
in dry weights).23

Lung Function
The studies that assessed ACT-induced changes in lung

function included trials of P&PD, PEP, and exercise (see
Table 3).

P&PD: There were 4 trials (n � 48) comparing the
effects of P&PD to no therapy. Differences in forced ex-
piratory volume in the first second (FEV1) percent of pre-
dicted ranged between �0.8% and 8.8%, which was sta-
tistically significant in favor of P&PD in 2 studies: a single-
treatment (n � 9) before-after trial reported a difference of
8.8% (95% confidence interval [CI] 3.5 to 14%),35 and a
3-week crossover trial (n � 10) reported a 7.1% difference
(95% CI 2.5 to 11.7%).36 The other 2 trials that compared
P&PD with no therapy showed no difference between the
2 groups; these included a single-treatment crossover trial
(n � 9)37 and a 2-week randomized trial (n � 20).38 A
long-term study (3 years, n � 63) compared P&PD with
FET and demonstrated a lower rate of decline in one mea-

Table 3. Comparison of Airway Clearance Therapies* to No Therapy

P&PD PEP Aerobic Exercise Anaerobic Exercise

Sputum production 4 trials31-34, n � 70
Favored P&PD

1 trial23, n � 17
Favored positive expiratory pressure

ND ND

Lung function 4 trials, n � 48
2 favored

P&PD35,36

2 no difference37,38

1 trial23, n � 17
2 trials40,41†, n � 28

No difference4

4 trials, n � 168
2 short-term no difference42,45

2 long-term favored exercise43,44

4 trials, n � 108
1 favored exercise45

3 no difference28,29,46

SaO2
ND 1 trial23, n � 17

No difference
1 trial45, n � 44

No difference
1 trial45, n � 44

No difference

Exercise tolerance ND ND 2 trials, n � 109
1 short-term favored exercise45

1 long-term no difference44

2 trials, n � 64
1 short-term no

difference45

1 long-term favored
exercise46

Exacerbations ND ND 1 trial44, n � 65
No difference

ND

Adverse events ND ND ND ND

Mortality ND ND ND ND

QOL ND ND 2 trials44,45‡, n � 131
Favored exercise

3 trials, n � 115
2 no difference45,46

1 favored exercise29

Preferences ND ND 2 trials30,44§, n � 89
Good adherence

1 trial46§, n � 20
Good adherence

* There are no data for the active cycle of breathing, high-frequency chest compression, high-frequency PEP (positive expiratory pressure), oscillating PEP, or autogenic drainage techniques.
† Compared to postural drainage alone.
‡ The trial by Selvadurai et al45 compared the effects of aerobic exercise (n � 22), anaerobic exercise (n � 22), and no exercise (n � 22); the sample number here includes all 66 patients.
§ The authors reported adherence to program.
P&PD � percussion and postural drainage
PEP � positive expiratory pressure
ND � no data reported
SaO2 � arterial oxygen saturation
QOL � quality of life

CYSTIC FIBROSIS PULMONARY GUIDELINES: AIRWAY CLEARANCE THERAPIES

526 RESPIRATORY CARE • APRIL 2009 VOL 54 NO 4



sure of pulmonary function (FEF25%-75%) in the P&PD
group39; however, it is not clear that this represents a com-
parison with no therapy.

PEP: Our search identified 3 studies (n � 45) that as-
sessed the effects on lung function of PEP compared with
no therapy. One short-term (2 d) trial (n � 17) showed no
difference.23 Two studies (n � 28), consisting of either 4
treatments or 4 weeks of therapy, compared PEP with
postural drainage alone; again, no differences in lung func-
tion were noted.40,41

Exercise: We identified 4 studies (n � 168) of aerobic
exercise compared with no therapy that examined effects
on lung function.42-45 In the 2 short-term studies (ie, during
hospitalization, n � 61) no differences were seen in lung
function between the 2 groups.42,45 However, a 1-year study
(n � 42)43 demonstrated greater improvement in forced
vital capacity (FVC) in the exercise group (weighted mean
difference [WMD] 213.0 mL, 95% CI 3.0 to 423 mL),
though there was no difference in FEV1. In addition, a
3-year study (n � 65)44 noted a greater rate of decline of
FVC in the control group than in the exercise group; there
was a similar, but not significant, trend for FEV1.

There were 2 studies (n � 64) examining lung function
effects of anaerobic exercise compared with no therapy.
One in-patient study (average duration 18.7 d, n � 44)
demonstrated a significant improvement in FEV1 (% pre-
dicted) with anaerobic exercise (WMD 5.58%, 95% CI
1.34 to 9.82), but no difference for FVC.45 The other
study (3 mo, n � 20) showed no difference between the
groups, though no data were provided.46 Our search also
identified 2 studies (6 and 8 wk, n � 44) examining the
effects of respiratory resistance training or inspiratory muscle
training (IMT) on lung function in CF.28,29 No statistically
significant differences in FVC or FEV1 were reported.

Arterial Oxygen Saturation
The studies that assessed ACT-induced changes in ar-

terial oxygen saturation (SaO2
) included trials of PEP and

exercise (see Table 3).
PEP: Our search found one study (2 d, n � 17), which

showed no difference in SaO2
following PEP compared

with no therapy.23

Exercise: There was one in-patient (mean duration 18.7 d,
n � 44) study assessing ACT-induced changes in SaO2

.45

The study demonstrated that less arterial oxygen desatu-
ration occurred during aerobic exercise following a period
of training compared with control (WMD 0.62%, 95% CI
0.32 to 0.92), although the difference did not reach statis-
tical significance. The same study showed less desaturation
occurred during anaerobic exercise following training com-
pared with control (WMD 0.33%, 95% CI 0.04 to 0.62), but
again the difference was not statistically significant.

Exercise Tolerance
Exercise: The only studies that assessed changes in ex-

ercise tolerance included 2 studies of aerobic exercise

(n � 109) and 2 studies of anaerobic exercise (n � 64)
(see Table 3). One short-term (mean 18.7 d) in-patient
study of aerobic exercise (n � 44) demonstrated increased
exercise capacity as measured by peak oxygen uptake
(V̇O2

peak) during a treadmill exercise test (WMD 8.53 mL/
kg/min, 95% CI 4.85 to 12.21),45 while a long-term (3 years)
study of aerobic exercise (n � 65) saw no differences in
the annual rate of decline of exercise capacity measured by
cycle ergometry.44 One short-term (mean 18.7 d) trial
(n � 44) reported no improvements in exercise tolerance
with anaerobic training during a hospital admission,45 while
a long-term (3 mo) trial (n � 20) reported significantly
greater exercise capacity as measured by cycle ergometry
in the anaerobic training versus control group (WMD
2.10 mL/kg/min, 95% CI 0.12 to 4.08).46

Exacerbations
Exercise: Only 1 study was identified that assessed the

ACT-induced effects on exacerbations (see Table 3). A
3-year study of aerobic exercise (n � 65) compared with
no exercise program reported no significant difference be-
tween groups for mean number of hospitalizations or mean
number of days in hospital.44

Adverse Events
There were no studies identified that addressed the ef-

fects of ACTs compared with no therapy on adverse events
(see Table 3).

Mortality
There were no studies that addressed the effects of ACTs

on mortality (see Table 3).
Quality of life
Exercise: There were 5 studies that assessed the effects

of an ACT on quality of life and all involved exercise.
There were 2 studies of aerobic exercise (n � 131)44,45 and
2 studies of anaerobic exercise (n � 86).45,46 Positive ef-
fects were experienced by 43 out of 49 individuals fol-
lowing exercise in one long-term (3 years) study of aero-
bic exercise.44 The other aerobic study (in-patient, mean
18.7 d) reported a significantly higher improvement in the
quality of life in the exercise group utilizing the Quality of
Well-Being Scale,47 (WMD 0.10, 95% CI 0.03 to 0.17).45

Both studies of anaerobic exercise (short-term mean 18.7 d,
long-term 3 mo) reported no significant difference be-
tween the exercise and control groups. A study of inspira-
tory training (8 wk, n � 29)29 reported significantly lower
anxiety and depression scores in the exercise groups com-
pared with the control group, utilizing the Hospital Anx-
iety and Depression Questionnaire48 and the Chronic Re-
spiratory Disease Questionnaire.49

Patient Preferences
Exercise: The studies that assessed patient preferences

for an ACT compared with no therapy involved exercise
only (see Table 3). One study (n � 65) reported on atti-
tudes toward physical activity with stable, high rates of
adherence to aerobic exercise at the end of each of 3 years.44
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A short-term (7 d) study (n � 24) comparing dance and
movement therapy with no training found no difference in
adherence to general exercise regimens between the group
exposed to dance therapy and the control group (no data were
presented).30 Finally, patient preference was studied in a 12-
week trial of anaerobic exercise (n � 20).46 Mean � SD
attendance rate at the training sessions was 98.1 � 4.3%; the
high attendance implies patient preference.

Recommendation

A Cochrane review (updated in 2006) concluded that
ACTs have short-term effects in terms of increasing
mucus transport, but there are insufficient data to draw
any conclusions concerning the long-term effects.13 A
2001 review by Hess also concluded that the effect of
ACTs on long-term outcomes and quality of life in pa-
tients with CF is unknown, lamenting that “despite the
clinical observation that retained secretions are detri-
mental to respiratory function…there is a dearth of high-
level evidence to support any secretion clearance tech-
nique.”15 However, the author also noted that a lack of
evidence does not mean lack of benefit. It has been
suggested that efficacy studies of ACTs in infants and
children are largely “underpowered and otherwise meth-
odologically suboptimal.”50

The Pulmonary Therapies Committee agreed with these
opinions. Although it would be desirable to have properly

designed and performed trials comparing ACTs with no ther-
apy, the committee felt that a lack of equipoise in the clinical
community on this issue made success in performing such
studies highly unlikely. The committee felt that ACT should
not be studied further in a placebo-controlled manner. The
committee concludes that the evidence quality overall for the
use of ACT in CF is fair. The committee determined that the
overall benefit of ACT is moderate based upon the cumula-
tive findings of the outcome measures, including short-term
effects (eg, increased sputum production and lung function)
and long-term effects (eg, rate of decline of lung function and
increased exercise tolerance) (see Table 3). The committee
recommends airway clearance be performed on a regular ba-
sis in all patients.

1. ACT is recommended for all patients with cystic
fibrosis for clearance of sputum, maintenance of lung
function, and improved quality of life. Level of evi-
dence, fair; net benefit, moderate; grade of recommenda-
tion, B.

Question: What Is the Efficacy of One Method of
ACT Compared With Other Methods of ACT?

The comparative effects of ACTs on sputum production
and lung function are summarized in Tables 4 and 5, re-
spectively.

Table 4. Comparison of Airway Clearance Therapies and Their Effect on Sputum Production

P&PD PEP ACBT AD OPEP HFCC Exercise

P&PD ND ND ND ND ND ND ND

PEP 9 trials40,41,51-57, n � 155
No difference

ND ND ND ND ND ND

ACBT 4 trials, n � 123
No difference38,53,58,59

ND ND ND ND ND ND

AD 2 trials, n � 38
1 favored AD52

1 no difference60

1 trial32, n � 15
Favored hPEP

1 trial, n � 18
No difference66

ND ND ND ND

OPEP 4 trials, n � 74
1 favored OPEP62

3 no difference21,22,61

ND 2 trials, n � 31
1 favored

ACBT65

1 no difference26

1 trial, n � 14
No difference64

ND ND ND

HFCC 4 trials, n � 87
2 favored HFCC20,63

2 no difference19,22

ND 1 trial27, n � 10
Favored ACBT

ND 1 trial22, n � 24
Favored OPEP

ND ND

Exercise ND 1 trial, n � 13
No difference67

ND ND ND ND ND

P&PD � percussion and postural drainage OPEP � oscillatory PEP
PEP � positive expiratory pressure HFCC � high-frequency chest compression
ACBT � active cycle of breathing technique ND � no data reported
AD � autogenic drainage

CYSTIC FIBROSIS PULMONARY GUIDELINES: AIRWAY CLEARANCE THERAPIES

528 RESPIRATORY CARE • APRIL 2009 VOL 54 NO 4



Sputum Production
P&PD and PEP: There were 9 trials (n � 155) com-

paring P&PD with PEP that reported sputum produc-
tion.40,41,51-57 Three studies had but a single treatment, while
the others ranged between 1–9 months. There was no sig-
nificant difference in sputum production between P&PD
and PEP groups.

P&PD and ACBT: Four trials (n � 123) compared spu-
tum production by P&PD and ACBT (FET).38,53,58,59 Two
studies had but a single treatment, while the others lasted
2 and 4 weeks. A meta-analysis of these data calculated a
pooled effect size of 0.27 SD (95% CI �0.65 to 0.10),
suggesting a small (3.3 g sputum) but statistically insig-
nificant trend favoring ACBT compared with P&PD.14

P&PD and AD: There was 1 study, presented as an
abstract only (2 mo, n � 28), that reported that AD re-
sulted in more sputum expectoration compared with P&PD,
although no statistical analysis was presented.52 Another
small study (n � 10) comparing single treatments of P&PD
with AD reported no significant difference in sputum; again
no statistical analysis was presented.60

P&PD and OPEP: There were 4 trials (n � 74) com-
paring sputum production by P&PD and OPEP.21,22,61,62

One in-patient study (n � 22) showed there was no dif-
ference in clinical score, which included sputum expecto-
rated, between the 2 treatments.61 A second study (n � 18),
comparing a single treatment of OPEP with a control that
would be considered P&PD by some authors, reported
statistically significantly higher sputum production with

OPEP (Flutter).62 A short-term study (2 d, n � 24) found
no statistically significant difference in wet sputum weight
between P&PD and OPEP (intrapulmonary percussive ven-
tilation [IPV]) groups,22 and a comparison of P&PD and
OPEP (Percussive Tech HF) (1 d, n � 10) found no sta-
tistically significant difference in either wet or dry sputum
weights between the groups.21

P&PD and HFCC: We identified 4 studies (n � 87)
comparing P&PD with HFCC (see Table 4). One in-pa-
tient study (2 d each treatment, n � 29) found a greater
sputum weight produced in the HFCC group compared
with the P&PD group.63 A 1-day study (n � 22) reported
no difference in wet sputum weights between groups using
P&PD and the Frequencer electro-acoustical transducer
for HFCC,19 and a short-term comparison of P&PD and
HFCC (2 d, n � 24) found no statistically significant
difference in dry sputum weight between groups.22 Fi-
nally, a somewhat longer study (7 d, n � 12) reported
statistically significant differences favoring HFCC over
P&PD in wet sputum weights (13.6 g � 8.6 vs 10.3 g � 7.7,
P � .05), with no significant difference in dry sputum
weights (0.60 g � 0.37 in the HFCC group vs 0.47 g � 0.40
in the P&PD group, P � .07).20

Other Comparisons: There are an additional 8 studies
that have looked at sputum production. One study (1 treat-
ment, n � 15) demonstrated hPEP produced statistically
significantly more sputum (50 g wet weight) than either
AD (35 g) or AD followed by hPEP (39 g).32 A com-
parison of OPEP with AD (7 d, n � 14) reported no

Table 5. Comparison of Airway Clearance Therapies and their Effect on Lung Function

P&PD PEP ACBT AD OPEP HFCC Exercise

P&PD ND ND ND ND ND ND ND

PEP 13 trials34,40,41,51,53,55-57,68-71,81,
n � 264

No difference

ND ND ND ND ND ND

ACBT 5 trials38,39,53,58,59, n � 186
No difference

ND ND ND ND ND ND

AD 4 trials52,60,69,72, n � 92
No difference

1 trial32, n � 14
Favored AD

ND ND ND ND ND

OPEP 4 trials21,61,73,74, n � 71
No difference

4 trials79-82, n � 100
No difference

2 trials26,65, n � 31
No difference

1 trial64, n � 14
No difference

ND ND ND

HFCC 2 trials, n � 65
1 favored HFCC78

1 no difference 76

1 trial24, n � 15
No difference

1 trial27, n � 10
Favored ACBT

ND 1 trial25, n � 29
No difference

ND ND

Exercise 1 trial42, n � 17
Favored P&PD

ND ND ND ND ND ND

P&PD � percussion and postural drainage OPEP � oscillatory PEP
PEP � positive expiratory pressure HFCC � high-frequency chest compression
ACBT � active cycle of breathing technique ND � no data reported
ND � no data reported
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significant differences in sputum weight.64 ACBT pro-
duced significantly greater sputum than did OPEP (Flut-
ter) together with ACBT (1 treatment, n � 24).65 A
comparison of AD with ACBT found no difference in
secretion clearance between the 2 techniques (2 d,
n � 18).66 A 1-day trial (n � 7) showed no significant
differences in 24-hour wet sputum values between groups
using OPEP (Flutter) or ACBT.26 Sputum production by
groups using OPEP and HFCC was compared in a trial
(2 d, n � 24) that found that there was statistically
significant (P � .05) greater wet sputum weight in the
OPEP (IPV) group (mean � 6.84 g) compared with the
HFCC group (mean � 4.77 g).22 A 1-day trial (n � 10)
of ACBT and HFCC reported a statistically significant
(P � .005) higher wet sputum weight in the ACBT
group (mean � 5.2 g) compared with the HFCC group
(mean � 1.1 g).27 Finally, a study comparing aerobic
training with PEP found no significant difference in
weight of sputum expectorations between the 2 treat-
ment groups (1 treatment, n � 13)67; however, no sta-
tistical analysis was presented.

Lung Function
P&PD and PEP: There were 13 trials (n � 264) as-

sessing lung function outcomes in trials comparing P&PD
with PEP.34,40,41,51,53,55-57,68-72 The duration of the studies
ranged between a single treatment and 1 year of therapy.
There were no statistically significant differences in FEV1,
FVC, or FEF25%-75% for any of the durations of therapy. A
meta-analysis14 of 6 of these studies40,41,51,53,55,57 (n � 146)
calculated an effect size of 0.02 SD units (95% CI �0.32
to 0.43) for FEV1; this translates to a non-statistically-
significant increase of 4 mL in FEV1 in the PEP group.

P&PD and ACBT: We identified 5 studies comparing
ACBT plus P&PD with ACBT alone (n � 186).38,39,53,58,59

Two studies lasted only 1 treatment, while the others lasted
2 weeks, 4 weeks, and 3 years. The 3-year study (n � 63)
compared lung function outcomes in P&PD and ACBT
treatment groups and reported an annual decline in
FEF25%-75% that was worse in the ACBT group compared
with the P&PD group.39 A pooled effect size (of all 5
studies) for FEV1 was 0.13 SD (95% CI �0.17 to 0.43),
suggesting no difference between the groups (0.07% dif-
ference in FEV1 % predicted).14

P&PD and AD: There were 4 studies comparing P&PD
and AD (n � 92) that included lung function outcomes.
The studies ranged from 1 treatment to 1 year of therapy,
but there was no overall difference between treatment
groups at any duration.52,60,69,73

P&PD and OPEP: Four studies (n � 71) compared
lung function outcomes in P&PD and OPEP treatment
groups. The study durations ranged between 1 day and
6 months, but showed no overall difference in lung func-
tion between groups at any duration.21,61,74,75

P&PD and HFCC: Three studies reported lung function
outcomes (n � 145) comparing P&PD with HFCC or
other mechanical devices,76-78 although only one of the
studies truly evaluated HFCC77 (n � 50). These studies
lasted 2 weeks to 2 months, but there was no overall
difference between the groups at any duration. There was
one 22-month before-after study (n � 15) that reported
improved lung function in HFCC compared with manual
CPT.79

P&PD and exercise: One in-patient study lasting 2 weeks
(n � 17) compared lung function outcomes in aerobic
exercise and P&PD treatment groups, and reported signif-
icantly greater improvement in lung function in the P&PD
group.42 The difference in FEV1 % predicted was 7.05
(95% CI 3.15–10.95, P � .001). It has been noted that
these results should be interpreted with caution, as the
P&PD group had significantly lower lung function than
the exercise group at baseline.12

Other Comparisons: There were 4 studies (n � 100)
comparing PEP with OPEP.72,80-82 The study durations
ranged between 2 weeks and 13 months, but there was no
significant difference in FEV1 between the groups at any
duration. In a small (n � 16) short-term (2 d) study no
significant difference in FEV1 was induced between PEP,
PD, and HFCC.34 A study comparing PEP with HFCC
(n � 15) reported statistically significant increases in FEV1

and FVC in the acute phase (within 48 h of admission) in
both treatment groups, but there was no effect on FEV1/
FVC and FEF25%-75%.24 No statistical analysis comparing
the 2 groups was presented. In a study (1 treatment, n � 14)
comparing hPEP with AD, FVC and FEV1 were signifi-
cantly lower after AD followed by hPEP, compared with
AD alone.32

Lung function outcomes were also examined in a 7-day
crossover study of OPEP (Flutter) and AD64 (n � 14), and
a 1-day crossover study of OPEP (Flutter) and ACBT65

(n � 24). No significant difference was found between
treatments in either study. A crossover study of OPEP
(Flutter®) and ACBT (1 d, n � 7) also showed no signif-
icant difference between treatments in FEV1 or FVC out-
comes.26

Lung functions outcomes were compared in a 4-week
study (n � 29) of OPEP (Flutter) and HFCC techniques.25

No statistically significant difference in lung function val-
ues (FEV1, FVC, FEF25%-75%) was found. A comparison
of HFCC and ACBT (1 d, n � 10) found significant im-
provement from baseline values following ACBT but not
HFCC in the morning (mean increase FEV1 � 0.1 L,
P � .02, mean increase FVC � 0.12 L, P � .02) and in the
afternoon (mean increase FVC � 0.06 L, P � .01).27

Arterial Oxygen Saturation
P&PD and PEP: We identified 4 studies (n � 51) com-

paring P&PD with PEP that assessed SaO2
.56,72,83,84 The

treatment durations ranged between 1 treatment and 1 year.
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The studies reported no differences in SaO2
, although no

statistical analysis was presented for some.
Other Comparisons: One study reported an increase in

peripheral oxygen saturation (SpO2
) during PEP therapy

and a decrease during HFCC (P � .001, n � 15) that
returned to baseline immediately after treatment.24 The
effect of aerobic training compared with PEP (1 treatment,
n � 13) found no significant difference in oxygen satura-
tion, but no statistical analysis was presented.67 A com-
parison of PET to other therapies reported no significant
change in SaO2

after 2 days of treatment, but no data were
provided.23 There were no reported comparisons involving
hPEP, OPEP, or AD.

Exercise Tolerance
P&PD and ACBT: We identified 1 long-term (3 years)

study (n � 63) comparing the effect of P&PD with ACBT
on exercise tolerance.39 No difference was found between
the groups, though no statistical analysis was presented.
There were no reported comparisons involving PEP, hPEP,
OPEP, HFCC, AD, or exercise.

Exacerbations
P&PD and PEP: We identified 2 studies comparing

P&PD with PEP that addressed this outcome. One (n � 36)
study lasting 1 year reported a statistically insignificant
difference between the 2 groups in the number of admis-
sions per year.68 A second 1-year study (n � 27) reported
that the number of days on antibiotic therapy was higher in
the PEP group (29.6 d) than in the P&PD group (18.2 d),
although no statistical analysis was presented.83

P&PD and OPEP: One study (6 mo, n � 16) comparing
P&PD with OPEP (IPV) used 2 indicators to measure
exacerbations—number of days in hospital per year and
number of admissions per year—and found no difference
between the P&PD and OPEP groups.75 There was also
one randomized controlled in-patient trial (n � 22) that
compared P&PD with OPEP (Flutter) with no significant
difference in length of hospital stay and number of respi-
ratory treatments.61

P&PD and ACBT: There was one long-term (3 years)
study comparing P&PD with ACBT (n � 63) that used 2
indicators to measure exacerbations—number of days in
hospital per year and number of admissions per year—
with no difference between the 2 groups.39

Other Comparisons: We identified 2 studies (n � 72)
that reported the number of respiratory exacerbations se-
vere enough to require hospitalization. A long-term study
(1 year, n � 31) reported significantly more exacerbations
in the OPEP (Flutter) group compared to the PEP group,
though no data were provided.80 A second long-term study
compared PEP with OPEP (Flutter) (13 mo, n � 41) and
also suggested a reduction in exacerbations in favor of
PEP.81 There were no reported comparisons involving
hPEP, HFCC, AD, or exercise.

Adverse Events
P&PD and PEP: There were 2 studies (n � 63) com-

paring P&PD with PEP, both lasting 1 year, that reported
on occurrence of adverse events. In one study, 3 individ-
uals from the P&PD group suffered from severe gastro-
esophageal reflux and were withdrawn from the study
(RR 0.12, 95% CI 0.01 to 2.18).83 In the other study there
were no adverse events reported by either group.68

P&PD and OPEP: Our search identified a 1-day study
(n � 10) comparing P&PD with an OPEP (Percussive
Tech HF).21 One patient in the P&PD group reported he-
moptysis and dropped out of the study.

P&PD and HFCC: One study (2 wk, n � 70) reported
mild hemoptysis in one individual in the HFCC group and
2 in the P&PD group.77 Some participants in the HFCC
group experienced mild chest pain and nausea during the
first 3 days, which subsequently resolved.

Other Comparisons: There were no reported compari-
sons involving hPEP, AD, or exercise.

Mortality
There were no reported comparisons involving any ther-

apies with respect to mortality.
Quality of Life
P&PD and PEP: One study (n � 61) assessed quality of

life, comparing P&PD with PEP over 2 years.70 No dif-
ference or change in quality of life, as measured by the
Quality of Well-Being Scale, was found. There were no
reported comparisons involving OPEP, HFCC, AD, or ex-
ercise.

Patient Preferences
P&PD and PEP: There were 6 studies (n � 131) com-

paring P&PD with PEP, ranging from a single treatment to
a full year of follow-up53,56,68,69,71,83; patients preferred
PEP in 4 of the studies. Reasons for preference included
comfort, convenience, independence, ease of use, more
control and flexibility over treatment times, and less in-
terruption to daily living.

P&PD and AD: Two studies (n � 36), both lasting
2 months, noted a greater preference for AD compared to
P&PD, which was quite marked in some patients.69,73

P&PD and OPEP: There was one 6-month study (n � 16)
of P&PD and IPV; all of the patients using IPV expressed
satisfaction and a desire to continue with this form of
therapy.75 In a 1-day study comparing P&PD with the
Percussive Tech HF device, 6 out of 9 participants (66.7%)
preferred the device.21 In both studies, the reason cited for
preference for the devices was that they were self-admin-
istered and facilitated independence. We also identified a
2-day study (n � 24) comparing OPEP (IPV) with P&PD
and HFCC using a Likert-type study-specific scale to eval-
uate patient preference, comfort, efficacy, and ease of use.22

There was no statistically significant difference in any of
these categories among the 3 therapy groups: 7 partici-
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pants preferred P&PD, 7 participants preferred IPV, and
10 participants preferred HFCC.

P&PD and HFCC: Two studies comparing P&PD with
HFCC (n � 121) addressed patient preference. A 2-week
study (n � 51) utilized a telephone survey and reported
that among respondents, 48% preferred HFCC and 26%
preferred P&PD (26% reported no preference).76 No sta-
tistical analysis was presented. The other study (n � 70),
also 2 weeks, reported that 88% of participants expressed
satisfaction with HFCC; however, satisfaction was not as-
sessed in the P&PD group.77

Other Comparisons: A 2-day study comparing PEP with
PEP and PD together reported a preference for PEP in 11
of 14 patients.56 Patient preference was assessed in a 4-week
study (n � 21) comparing OPEP (Flutter) with HFCC.25

On the study-specific scale, 12 participants (50%) pre-
ferred HFCC, largely due to a belief in its efficacy, and 9
participants (37%) preferred the Flutter, based on conve-
nience of use. A 1-day study (n � 10) comparing HFCC
with ACBT reported that a larger number of participants
found it easier to clear secretions using ACBT compared
with HFCC.27 There were no reported comparisons in-
volving hPEP or exercise.

Recommendations

Prior systematic reviews have concluded that there is no
advantage for any particular ACT over another, although
some reported a trend for participants to prefer self-ad-
ministered forms of therapy.12,14,16 Main et al described
the limitations of their review based upon the “paucity of
well-designed, adequately-powered, long-term trials.”12

The Pulmonary Therapies Committee felt that the studies
reviewed were inadequately powered to demonstrate su-
periority or equivalence. Rather than stating that these
methods are equivalent, we choose to state that none has
been demonstrated to be superior to the others. There may
be advantages and disadvantages of particular therapies
for individual patients (Table 6). Patient preference should
be considered with the anticipation that this will be asso-
ciated with greater adherence to therapy.

2. In general, there is no ACT that has been demon-
strated to be superior to others. Level of evidence, fair;
grade of recommendation, B.

3. For the individual, one form of ACT may be su-
perior to the others. The prescription of ACT should be
individualized based on factors such as age, patient
preference, and adverse events, among others. Level of
evidence, fair; grade of recommendation, consensus rec-
ommendation, B.

In addition, the committee recognized the benefits of
aerobic exercise. Although there was insufficient evidence

to support exercise as a sole method of airway clearance,
there is evidence that aerobic exercise may have an ad-
junctive benefit to airway clearance. Given the other rec-
ognized benefits of aerobic exercise (including a reduced
risk of cardiovascular disease, stroke, hypertension, osteo-
porosis, depression, and anxiety85), the committee deter-
mined that promoting aerobic exercise should be a priority
for the patient with CF.

4. Aerobic exercise is recommended for patients with
cystic fibrosis as an adjunctive therapy for airway clear-
ance and its additional benefits to overall health. Level
of evidence, fair; net benefit, moderate; grade of recom-
mendation, B.

Key Points of Discussion

There are a great many questions regarding ACTs for
CF that remain unanswered:

1. When should airway clearance be initiated? There
is a paucity of evidence of the benefit of ACTs in infants
with CF. The presence of lung disease early in life is
well-established, and the committee feels that airway clear-
ance should be instituted in the first few months of life.
The committee believes there is potential benefit and little
harm in teaching ACT to parents early and encouraging
airway clearance to be part of the child’s daily routine. In
most cases, the form of ACT for infants will be P&PD.

2. How should the clinician choose an ACT for a
patient? The individual circumstances for each patient
will help dictate the choice of airway clearance regimen.
There are advantages and disadvantages of each of the
therapeutic options (see Table 6), and decisions regarding
prescription of airway clearance may include age of the
patient, patient preference, severity of disease, availability
of a partner, and observed efficacy based on patient re-
porting (subjective measures) and objective measures (eg,
lung function). It should be noted that the prescribed ther-
apies may change as the patient’s situation changes (eg,
becomes older and more independent) and the efficacy and
appropriateness of the ACT therapy should be periodically
reassessed.

3. What is the optimal method of performing each of
the ACTs? There are published descriptions for the ap-
plications of these therapies, but no studies have demon-
strated optimal methods, such as duration or number of
treatments per day. The airway clearance regimen may
need to be changed during acute illness or when there is an
increase in sputum volume and consistency. This could
mean an increase in the time spent with therapy, an in-
creased frequency of therapies, or even a change in the
type of therapy.

4. Who should educate the patients on ACTs? Air-
way clearance is best taught by an experienced health care
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practitioner. Airway clearance is performed in the hospital
setting, typically with the assistance of a respiratory or
physical therapist. Airway clearance is a part of their ed-
ucational curriculum, and they are the most experienced in
its practice. There may be others in a CF center who are
well-trained in the application of ACTs, such as a nurse,
physician, nurse practitioner, physician’s assistant, or ex-
ercise physiologist. The committee recommends that the
education of patients and families be performed by those
who have been trained to do so. This should be someone who
can devote the time to the patient and who will periodically
reassess the educational needs of the patient and family.

5. How should we evaluate new methods of airway
clearance? As stated earlier, the literature on airway clear-
ance in CF lacks controlled, long-term studies that have
been powered to adequately compare therapies. New de-
vices or techniques should be consistent with the known
pathophysiology, and studies should be powered for either
equivalence or superiority to existing therapies using mean-
ingful outcome measures such as lung function (either an
increase of lung function or slowing the rate of decline),
effect on exacerbations, patient preference, and quality of
life.

Conclusions

We have reviewed and evaluated the evidence support-
ing the use of ACTs for the maintenance of lung function
in individuals with CF. We have developed recommenda-
tions based on the quality of the published evidence and
the estimate of the net benefit demonstrated within those
publications. These recommendations will be amended as
new data are reported.

This document should be viewed as a guideline regard-
ing CF care. The introduction and use of specific ACTs
will depend upon the individual, his or her social situation,
and parental or patient preferences. We are hopeful that
clinicians will find these recommendations helpful in their
care of patients with CF.
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