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Abstract: Cystic fibrosis (CF) is a genetic disease characterized by an accumulation of thick 
layers of mucus, leading to airway obstruction and air trapping. Poorly cleared mucus leads 
to frequent respiratory infections that produce chronic cough and dyspnea. The presence of 
infected mucus induces progressive inflammation. The resulting damage anatomically dis-
torts airways leading to development of bronchiectasis. Bronchiectasis is irreversible and 
results in progressive respiratory function decline over time. Impaired mucociliary clearance 
together with tenacious mucus makes expectoration with cough alone problematic. Clinicians 
providing effective care for CF patients must have knowledge of the wide variety of 
treatment options currently available. Knowledge of these techniques will enable clinicians 
to prescribe airway clearance therapy (ACT) where necessary and provide treating physi-
cians the ability to adapt to changing patient treatments as necessary. Training programs 
frequently do not provide in-depth knowledge of ACT technologies in CF patients resulting 
in knowledge gaps once physicians are in practice. This paper reviews strategies for ACT. It 
is specifically targeted for clinicians who frequently provide care for patients with CF. 
Keywords: cystic fibrosis, airway clearance

Introduction
Patients with CF frequently present with cough and mucus clearance problems. The 
lungs of CF patients are responsible for the majority of morbidity and mortality this 
patient population undergoes. To keep lungs clear of infection and inflammation, 
the average CF patient must devote over 100 min focused on airway clearance 
each day. Most ACT studies are focused on sputum clearance and less on changes 
in lung function or exercise capacity.

Physiology of Mucus Secretion and Cough
Airway mucus production and water secretion are tightly regulated events and carry 
key physiological functions. Further, airway mucous possesses important antibac-
terial and protective properties. Airway glands typically produce less than 10 mL of 
mucus per day. Excess mucus production, a manifestation in CF, results in loss of 
its protective effects. Excessive mucus leads to cough that induces airway constric-
tion the result of which expels mucus from the lungs. However, excessive cough, 
a characteristic of CF, leads to airway collapse with a failure to adequately clear 
mucus.1 See Table 1.

Correspondence: Nauman Chaudary  
VCU Adult Cystic Fibrosis Center, 
Division of Pulmonary Disease and 
Critical Care Medicine, 1200 East Broad 
Street, Box 980050, Richmond, VA, 
23298, USA  
Tel +1 804 828-1579  
Fax +1 804 828-2578  
Email nauman.chaudary@vcuhealth.org

International Journal of General Medicine 2021:14 2513–2521                                           2513
© 2021 Chaudary and Balasa. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress. 
com/terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By 

accessing the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly 
attributed. For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

International Journal of General Medicine                                             Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 15 April 2021
Accepted: 25 May 2021
Published: 14 June 2021

In
te

rn
at

io
na

l J
ou

rn
al

 o
f G

en
er

al
 M

ed
ic

in
e 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0002-2252-5057
mailto:nauman.chaudary@vcuhealth.org
http://www.dovepress.com/permissions.php
https://www.dovepress.com


Drugs That Play a Role in Airway 
Clearance
Pharmacotherapies have targeted airway bronchodilation, 
mucolytic, sympathomimetic, anticholinergic, and anti- 
inflammatory categories. Most pharmacological studies 
focused on airway clearance are inconclusive. A recent 
Cochrane review of mucolytic agents in chronic obstructive 
lung disease suggests this agent class may be of benefit.2 See 
Table 2

Airway Clearance Techniques That Do 
Not Require Devices
Airway Clearance Techniques (ACT)
For many decades airway clearance techniques have been 
used that require patient participation and changes in body 
posture to enhance clearance and to produce effective 
coughs that ultimately help recruit poorly ventilated lung 
zones. Generally, these techniques help restore 

mucociliary escalator function and mucus production 
which ultimately improves gas-liquid interface interaction 
in airways. See Table 3

Clinical trials for ACT techniques without devices (eg, 
vibratory vests) are difficult due to significant variability 
of primary outcomes due often to patients employing more 

Table 1 Physiology of Mucus, Cough, and Airway Clearance

Mucus Secretion and 
Regulation

Function

Less than 10 mL per day First line defense for lower 

respiratory tract

Mucus hypersecretion, submucosal 

gland hypertrophy, goblet cell 

hyperplasia, increased mucin 
synthesis, plasma exudation, 

decrease mucociliary transport, 

mucus stasis, mucous plug

Pathologic mucus. Loss of 

protection

Cough and airway constriction Improved airway clearance 
provided airways do not 

collapse

Table 2 Role of Pharmacologic Categories in Airway Clearance

Pharmacological 
Class

Function

Sympathomimetics Bronchodilation, Improved mucociliary clearance

Anticholinergics Bronchodilation

Expectorants Increase volume and hydration of secretions 
and induce cough

Mucolytic agents Reduced mucus viscosity

Mucokinetic agents Increased mucus clearance by cough

Mucoregulators Reduction of mucus hypersecretion

Table 3 Role of Optimal Position and Ventilation in CF ACT

Clinical 
Problem

Technique Effect

Prolonged 
supine 

position

Assume upright 
posture

Improved: 
Lung compliance 

Oxygenation 

Diaphragmatic excursion 
Secretion mobilization.

Atelectasis 
due to less 

mobility

Mobility and exercise Improved: 
Alveolar ventilation 

Tidal volume 

Respiratory rate 
V/Q matching 

Recruitment lung units 

Secretion mobilization 
Lymphatic drainage 

Enhanced surfactant

Critical CF 

with renal 

failure

Prone position Improved: 

Arterial oxygen tension 

Tidal volume 
Dynamic lung 

compliance 

Cardiac stroke volume 
Sympathetic activity 

Urine flow

Lung 

secretions

Decubitus position ↑dependent lung gas 

exchange

Maximal FRC 

needed

Standing > sitting > 

supine

Reduced airway closure

Postop. pain Frequencer Frequencer requires no 

patient cooperation and 
can be placed at targeted 

areas in the lungs, 

avoiding chest tubes and 
other painful areas

Bronchospasm Bronchodilators, 
Breath hold to ERV and 

use PEP to help 

increase FRC

Helps collateral 
ventilation for air to go 

behind mucus

Note: ↑Improve ventilation due to increase dependent lung gas exchange and thus 
improved mucus clearance. 
Abbreviations: PEP, positive expiratory pressure; FRC, functional residual capa-
city; ERV, expiratory reserve volume.
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than one technique for airway clearance.3 Use of “breath-
ing techniques” with associated devices is extremely 
important for airway secretion clearance in treatment of 
CF. Use of active breathing exercises to enhance airway 
mucus clearance strengthens lung capacity lung over 
time.4 Breathing techniques, mentioned above, are often 
underutilized by CF patients and frequently not recom-
mended by physicians and respiratory therapists engaged 
in CF care. Patient education involving breathing techni-
que demonstrations associated with the use of devices to 
further enhance mucus clearance are essential for estab-
lishing daily airway clearance regimens that the educated 
CF patient must use. Further, use of paper handouts in 
clinics with repetitive reinforcement of proper technique is 
crucial for establishing adherence to a daily regimen.

Autogenic Drainage
This was developed over six decades ago and helps move 
tenacious mucus in patients with defective mucus clear-
ance. Multiple airway clearance techniques that utilize 
only the breath are teachable to CF patients. A highly 
effective form entitled autogenic drainage involves con-
trolled breathing to transport mucus from smaller to larger 
airways for improved expectoration. It incorporates three 
breathing exercises: The first phase is designed to 
“unstick” small airway mucus predominately by respira-
tory movements targeted to lung bases. The next phase 
termed the “collecting” phase involves movement from 
mid-airways through breathing at low to mid-lung levels. 
The third or the “evacuating” phase raises mucus to central 
airways by breathing at mid to high lung ventilatory levels. 
This is accomplished by first taking an extremely large 
breath followed by a breath hold for several seconds. 
Following the breath hold, virtually all air is exhaled to 
a very low lung volume. From that point the patient takes 
small breaths followed by exhalation to force air out to 
maintain a low lung volume. This maneuver is repeated 
until patients begin to audibly perceive chest rattling on 
exhalation. At this point a larger breath is taken and 
moderate exhalation maneuver is performed. This is 
repeated several times. The patient then takes deep inhala-
tions followed by small exhalations targeting maintenance 
of larger lung volumes. In the final step, patients take very 
deep inhalations followed by large forced expiratory 
“huffs” to expel mucus. In this final phase patients should 
avoid straining of cervical musculature which may cause 
premature airway closure which will retard clearance.

As guidance for all airway techniques, avoiding strain 
on the airways and throat muscles is important to avoid 
airway collapse which can cause wheezing and temporary 
narrowing of the airways. This will prevent the mucus 
from moving from the airway.

Active Cycle Breathing (ACBT)
This technique involves chest expansion followed by forced 
expiratory breaths cycled several times. This maneuver 
achieves adequate sputum clearance. Specifically, patients 
hold shoulders as motionless as possible while employing 
chest wall musculature to inflate the lungs. Patient then 
breath holds for several seconds. This maneuver is repeated 
several times until secretions are audible in upper airways. 
Then using the same technique as the final step in autogenic 
drainage, a large forced expiratory huff is used to expel 
mucus from the lungs. In a Cochrane review, Warnock and 
Gates examined the effectiveness and acceptability of chest 
physiotherapy (CPT) compared to no treatment or simply to 
spontaneous cough alone for improvement in sputum clear-
ance in patients with CF.5 One hundred and fifty-seven 
studies were identified. This review showed that patients 
employing ACT experienced short-term effects for increased 
mucus transport. The authors found no evidence that patients 
who employed these techniques experienced long-term 
effects in chest clearance, quality of life, or survival with 
CPT.5 Main et al compared CPT with other ACTs in terms of 
their impact on respiratory function, individual preference, 
adherence, and quality of life and were unable to demonstrate 
any meaningful advantage of CPT over other methods. They 
suggested that the lack of meaningful evidence may have 
resulted in differences in clinical trial design. The authors 
discovered a trend for participants preferring “self-adminis-
tered airway clearance techniques.” Limitations of this 
review included a paucity of well-designed, adequately pow-
ered, long-term trials.6

McKoy et al compared the clinical effectiveness of the 
active cycle breathing technique with other airway clearance 
techniques in patients with CF. Importantly, the authors 
found no significant difference in: (1) quality of life, (2) 
sputum weight, (3) exercise tolerance, (4) lung function, or 
(5) oxygen saturation between the ACBT and AD or between 
the ACBT and airway oscillating devices. They found no 
significant difference in lung function or the number of 
yearly pulmonary exacerbations between the ACBT alone 
or in conjunction with conventional CPT. In this report, they 
concluded that there is insufficient evidence for supporting or 
rejecting the use of the ACBT over any other ACT. The 
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limitations stated again included lack of similar comparisons 
in groups; also, lack of data and long-term studies.7

ACT independent of a device (eg, high-frequency chest 
wall oscillator) requires that a caretaker be available to pro-
vide patient therapies, a limitation for many patients. In 2005, 
the Cystic Fibrosis Foundation (CFF) recommended that 
airway clearance therapy should be performed by all patients 
with cystic fibrosis. In this communique, they noted no one 
ACT method to be superior over other forms, implying that 
one form of airway therapy may prove more useful at differ-
ent stages of a CF patient’s life. Expert clinician recommen-
dations at VCU are that CF patients should have the option to 
choose the ACT based on the trajectory of their CF disease. 
Further, the CFF recommended aerobic exercise to be bene-
ficial in CF patient care.8

Nixon et al reported that CF patients who habitually 
pursue frequent exercise exhibit enhanced physical fitness 
and were three times more likely to survive than patients 
with poor exercise regimens. They concluded that higher 
level of fitness reduces risk of dying, but that it remains 
unknown whether joining an exercise program will 
improve prognosis in patients with CF.9

Mortensen et al examined the effects of postural drai-
nage (PD) or positive expiratory pressure (PEP) regimens 

on whole lung and regional tracheobronchial clearance 
(TBC) in 10 patients with CF. They concluded that PD 
or PEP, when combined with forced exhalation techniques 
(FET), exert similar effects on short-term whole lung and 
regional TBC in patients with CF.10 In other important 
work, Button examined the effects of body positions on 
ventilation, mucus distribution, lung volume changes, huff 
and cough strength, expiratory flow and gastroesophageal 
function in CF across the lifespan. They concluded that 
clinicians should consider the effects of body position on 
regional ventilation in clinical reasoning and decision 
making in patients with CF in the application of optimal 
ACT.11 Manual applied techniques such as external chest 
percussion and postural drainage are effective but are 
dependent on the presence of a caretaker for assistance, 
and are frequently inconvenient for the patient.

Mucociliary Clearance: mucociliary clearance of the 
normal human airway is approximately 5 mm/min. From 
posterior basal segments of lung to trachea is approxi-
mately 300 mm. In a head down posture 60–100 min are 
required for mucus to travel from lung bases to the tra-
chea. Studies of gravitational effects on mucus clearance 
in CF supports postural drainage as effective means of 
airway clearance.12 (Table 4).

Table 4 Various ACT Without Devices

Technique Physiology Advantage Disadvantage

Conventional chest 
physiotherapy (CPT)

Chest clapping 
Chest wall vibration 

End expiratory chest compressions

Assists cough 
Supports exp maneuvers 

Reduces air trapping

Reduced autonomy 
Labor intensive

Postural drainage 

(modified) with 

percussion/vibration

Recumbent or semi-recumbent position that 

enables gravity to clear mucus

Peripheral airways and selected lung 

segments to more central airways for 

expectoration

Gastroesophageal 

reflux 

Headaches 
Sinus pressure

Active cycle of breathing 
technique (ACBT)

Breathing control at tidal volume 
Thoracic expansion exercises 

Three-second breath holds 

Forced expiration/huff open glottis

Gets airflow behind mucus 
Moves sputum cephalad 

by dynamic compression and collapse of the 

airways creating pinch point

Learning required 
to perform correctly 

Breathing treatments 

prior to ACBT

Autogenic drainage Achieves high expiratory flow from different 

lung volumes from peripheral to central 
airway 

Maximal expiration produces shearing forces 

Moves secretions 
Sequential lung volume change more distally 

with the aim of improving flow in small airways

Must learn lung 

volume control

Exercise Increased ventilatory demand Increased PEFR 

> 30–60 L/min 

PEF/PIF >1.1

Autonomy 

Increased mucus water content 

Physical mobility 
Cardiac and pulmonary benefits

Must be combined 

with PEP maneuvers

Abbreviations: PEFR, peak expiratory flow rate; PEF, peak expiratory flow; PIF, peak inspiratory flow; PEP, positive expiratory pressure.
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For manual techniques to be effective, air must be 
located “behind the mucus.” Clinicians may instruct 
patients to try a three second breath hold as well to 
permit deep inspiration to allow use of collateral venti-
lation to inflate the lungs behind the mucus before for-
ceful exhalation. See Figure 1 for recommended 
ventilation strategies.

Dwyer et al compared treadmill and cycle exercise 
and its effect on sputum production and ventilation for 
airway clearance. They found that expectoration 
improved following exercise and ventilation and respira-
tory flow were significantly higher during treadmill and 
cycle exercise when compared to controls. Sputum 
mechanical impedance following treadmill exercise 
decreased where as it did not have the same effect 
with cycle exercise. The authors concluded that the 
reductions in sputum mechanical impedance with tread-
mill exercise may have been due to thoracic oscillations 
associated with walking.13

Airway Clearance Device and Techniques
In addition to these techniques, devices can and should be 
used between breathing technique sets and incorporated 
into a daily regimen. See Table 5. A common type of 
device is called a positive expiratory pressure (PEP) ther-
apy device. These devices work by active exhalation 
against a vibrating expiratory resistance. This resistance 
can be a flap as with the vibraPEP,™ Acapella,™ or 
Aerobika™ or by an object pushing against gravity such 
as the flutter device. This device employs a ball that 
is pushed up and down by the exhalation of breath. 
Another less commonly used device is the PEP mask 
that has different nozzle sizes on the end which restricts 
the exhalation. Back pressure created by restriction to air-
flow strengthens the lung capacity and moves mucus. 
These PEP devices are frequently used in combination 
with breathing techniques to enhance sputum clearance.

The Hillrom™ Monarch™ vest and respironics vests 
are more passive forms of airway clearance. These devices 

Figure 1 ACT positioning recommended in clinical scenarios.
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are high frequency chest wall oscillating devices 
(HFCWO) which vibrate the chest enabling the loosening 
and movement of mucus from airway walls. The device is 
worn around the chest with holes for the arms. Percussion 
pods move at different frequencies and pressure settings 
adjusted to the user’s preferences. A similar more loca-
lized hand-held device, called a percussor, vibrates at 
different frequencies to help mobilize mucus.

Hristara-Papadopoulou et al studied literature supporting 
various airway clearance devices and concluded that current 
devices facilitate mucus removal while also improving pul-
monary function. They also concluded that evidence is 

limited to support a specific device. These authors recom-
mended that more studies are required in order to enable 
specific recommendations for each device.14

App et al compared AD and flutter. Results showed 
sputum viscoelasticity was significantly lower with the 
flutter in comparison with AD, predicting improvements 
in mucociliary and cough of the secretions.15

HFCWO unlike oscillations from PEP therapy, creates 
oscillations outside of the chest, creating airflow that helps 
move secretions with greater airflow out than one attains 
with normal breathing. HFCWO achieves 300–1500 stac-
cato coughs to move secretions with enhanced central and 

Table 5 Airway Clearance Therapy with Devices

Device Physiology Advantage Disadvantage

Positive expiratory 
pressure (PEP)

Exhale through fixed resistance, stents airways 
open

Allows air to enter peripheral 
airways via collateral ventilation

Risk of pneumothorax 
Epistaxis 

Sinusitis 

Ear infection

Oscillating PEP Combines PEP with oscillations (11–18 Hz) on 

exhalation

Oscillations reduce viscosity 

Moves secretions towards large 
airways

Not be well tolerated during 

exacerbation 
Moderate expense

High-frequency chest 

wall oscillation 

(HFCWO) vest

Creating an oscillatory airflow bias: Greater 

airflow out is equivalent to 300–1500 staccato 

coughs

HFCWO can achieve 300–1500 

staccato coughs to move 

secretions

Caution with chest tubes, 

indwelling catheters 

Contraindicated with head and 
neck injury 

Expensive

MetaNeb Vibrates, enlarges airways 

Delivers gas to distal lung units beyond retained 

secretions Mobilizes secretions

Hydrates 

Utilizes mucoactive agents at 

different time points

Cost 

Expertise required for set up by 

dedicated therapist for monitoring

Lung Flute Uses vibrating reeds to generate frequency of 

16–25 Hz on exhalation

Frequency of oscillations reduce 

mucus viscoelasticity

Contraindicated in 

pneumothorax

Frequencer Acoustic waveforms generated at a lower 

frequency over a large area 
Delivered outside the chest

Patient cooperation not needed. 

Can target lung areas Avoids chest 
tubes and other painful areas

Operator dependent for 

knowledge and expertise 
required

Vibralung Generates sound energy to a column of gas 
with exhalation and inhalation

Add aerosol treatments 
Equine use 

White noise helps with 

bronchodilation

Caution with hemoptysis and 
pneumothorax

Noninvasive ventilation 

(NIV)

Positive inspiratory pressure Useful adjunct to ACT in with 

difficulty expectorating sputum 
Improves gas exchange

Risk of pneumothorax

Intrapulmonary 
percussive ventilation 

(IPV)

Combines positive and negative pressure 
throughout respiration with or without airway 

oscillations 

Creates air-liquid shear forces mini coughs

Helpful with secretions and 
atelectasis

Risk of pneumothorax
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peripheral airway clearance. There is evidence that the 
oscillations produced by HFCWO break down and thin 
mucus viscosity acting as a “physical mucolytic” shearing 
mucus from bronchial walls. Mucus is moved to the cen-
tral airways to be removed by cough or swallowed. 
Tracheal mucus clearance is most pronounced in the 
range of 11–15 Hz vibratory reaching 340% at 13 Hz. 
For HFCWO to be effective, inflation pressures and fre-
quency are crucial for patient comfort, effectiveness, and 
adherence. Both the Afflo™ and Monarch™ HFCWO 
vests are portable systems utilizing discs or pods that 
vibrate/percuss the lungs, thinning mucus and creating 
cough-like airflow.16,17

Oral high frequency percussive/vibratory/oscillatory 
devices create directional “stroking” and percussion 
which helps move secretions stimulating a cough. These 
combinations hydrate and utilize mucus regulators at dif-
ferent time points. Devices like MetaNeb™, Clearway™, 
and ultrasonic nebulizers are examples. Intrapulmonary 
percussive ventilation (IPV) can be administered via 
mouthpiece, mask, tracheostomy, or in line with ventilator. 
IPV, MetaNeb, PercussiveNEB, CoughAssist T70 lung 
expansion, vibrate and enlarge airways and deliver gas 
into distal lung units beyond retained secretions which 
helps to mobilize secretions cephalad. The oral high fre-
quency percussive/vibratory/oscillatory devices provide 
internal percussion of the lungs to loosen mucus in contra- 
distinction to the vest, which provides percussion from 
outside. With the exception of cough assist devices, the 
vest and others can deliver high density aerosol to hydrate 
mucus with positive expiratory pressure. Cough assist 
devices provide insufflation exsufflation that creates air-
flow which triggers cough aiding airway clearance. With 
new software, cough assist provides internal oscillation of 
5–20 Hz and an amplitude. Oscillations, controlled by the 
patient, are created both on inhalation or exhalation or 
both based on comfort.18–20

Acoustic percussors include the Lung Flute,™ 
Vibralung®, and Frequencer®. The lung flute uses vibrat-
ing reeds to generate frequency of 16–25 Hz on exhala-
tion. The frequencer delivers acoustic waveforms 
generated at a lower frequency but over a large area out-
side the chest. The frequencer must be moved over the 
chest to provide the energy to a focused location. This 
device requires no significant patient cooperation and can 
be placed to specific target lung areas (eg, right middle 
lobe, right lower lobe) avoiding lines and chest tubes and 

painful areas. Vibralung generates sound energy sending in 
the airways on both exhalation and inhalation with fre-
quencies ranging from 5 to 1200 Hz. Energy is transferred 
to airways through resonance and can be added to aerosol 
treatments. The Vibralung was approved for equine use 
prior to human use approval. According to frequency 
employed (ie, low to high) vibralung impact different air-
way calibers. The white noise it creates promotes 
bronchodilation.4,14

Noninvasive ventilation (NIV) with or without oxygen 
has been used specifically in advanced CF lung disease. 
Multiple studies now show that NIV is a useful adjunct to 
other airway clearance techniques, in CF patients who 
have difficulty expectorating sputum. NIV improves gas 
exchange during sleep to a greater extent than oxygen 
therapy. The impact of NIV on CF pulmonary exacerba-
tions and disease progression remain unclear.21–23

Clinical Applications of Devices
The Frequencer™ requires no patient cooperation and can 
be placed to targeted areas in the lungs avoiding chest 
tubes and other painful areas. For mucus plugging of 
blocked airways and air trapped behind secretions mobili-
zation is assisted by augmentation of collateral ventilation, 
breath hold and appropriate positioning for ventilation and 
drainage. Optimization of inspiration to optimize expira-
tory efforts facilitate clearance. Mobilization of impacted, 
thick secretions is achieved with the use of mucoactive 
agents such as HTS/Dornase or by using oscillatory 
devices or even manual techniques. Techniques that can 
be helpful include: ACBT, positive pressure NIV, OPEP/ 
HFCWO, and correct body positioning.

With bronchospasm, inspiratory time is reduced, result-
ing in nonhomogenous filling and emptying lung units. 
Breath hold during periods of bronchospasm is difficult 
due to dyspnea. Furthermore, expiratory airflow is limited. 
Thus, secretion mobilization is limited. However, secretion 
mobilization will occur in expiratory reserve volume 
(ERV) of during periods of bronchospasm. An efficient 
strategy in patients with bronchospasm utilizes bronchodi-
lators followed by breath hold if possible enabling patients 
to “breathe into ERV.” Importantly, PEP increases func-
tional residual capacity during tidal breathing thus promot-
ing collateral ventilation. Thus, PEP may enhance lung 
emptying which improves dyspnea. Gentle acceleration 
of expiratory airflow with autogenic drainage while utiliz-
ing control of breathing aids in airway recovery between 
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each cough. Exhaling into ERV in autogenic drainage 
helps mobilize secretions.

MetaNeb at home device, Volara™ is a fully electronic, 
intuitive, smart single patient use circuit and has automatic 
programs so that patients are able to realize the same great 
clinical outcomes as seen in the hospital in the home setting 
with a simple start button. It benefits CF, neuromuscular and 
bronchiectasis patients with the unique triple therapy in one: 
secretion clearance, lung expansion, and nebulizer treatment. 
The main benefit of OLE (oscillations and lung expansion) 
therapy by the Volara is that it is an efficient 10 min therapy that 
delivers lung expansion (CPEP), secretion clearance (CHFO/ 
oscillations) and aerosol delivery indicated for the treatment 
and prevention of pulmonary atelectasis and mobilization of 
airway secretions.24

A variety of techniques can be utilized to improve 
mucus clearance in CF. Guidelines from the American 
College of Chest Physicians (ACCP) state, devices allow 
patients to achieve the same benefits derived from CPT 
without the assistance of a caregiver appear to be as 
effective as CPT in increasing sputum production.25

Future Directions
Existing data and routine for ACT for patients with CF is 
limited and often conflicting for various findings of ACT 
structure in CF. Paucity of data also exists for treatment 
approaches for ACT in CF. Medications and devices have 
been used for ACT in CF but there remains a desperate 
need to have future studies that can address this deficiency.

Better guidelines for ACT devices as well as treatment 
protocols for CF are urgently needed.

We report a study in which a routine of structured 
airway clearance is compared to a nonstructured airway 
clearance routine. Lung function between the two groups 
will then be reported. In this study, the goal is to show that 
structured airway clearance therapy routines improve lung 
function, reduce exacerbations and improve quality of 
life.26 The results will be reported some time in 2021.

Conclusion
Airway clearance is a necessity for maintenance of lung 
health by reducing mucus volume in the lungs. Long-term 
airway clearance is vital for reduction of bacterial infection- 
induced exacerbation frequency in CF patients. From 
a patient perspective, the most effective methods of airway 
clearance are the active forms of breathing techniques with 
incorporation of a PEP device into the routine. Many 
patients however, use only passive forms of airway 

clearance, primarily the HFCWO vest, because of its ease 
of use and not requiring undivided attention during its use. 
Proper breathing techniques should be encouraged and 
reinforced by intermittent refamiliarization and education 
of airway clearance techniques with patients. A prescription 
for ACT must be personalized and must include precision 
physiotherapy. Currently, no one form is superior to 
another, but must be acceptable to the patient taking into 
account an individual patient’s clinical, functional, environ-
mental, and social factors. Together with a sound under-
standing of airway clearance physiology, key issues to 
consider for airway clearance prescriptions are a patient’s 
need to achieve minimum expiratory airflow of 30–60 liters 
per minute to enable mobilization of secretions. In addition, 
patients will need methods such as oscillatory PEP, 
HFCWO to mobilize secretions. Clinicians must be able 
to assess how technically correct a patient’s current clear-
ance technique actually is. Both a practice and knowledge 
gap exist in airway clearance by many clinicians due to 
large variations in training programs in the teaching of 
various airway clearance techniques. Cystic Fibrosis 
Foundation guidelines indicate that no one airway clearance 
is superior to others. The guidelines are of interest both for 
what can and what cannot be concluded with confidence.

Clinicians caring for CF patients must regularly review and 
optimize treatment types and techniques. Further, a patient’s 
individual choice is important for attaining the best airway 
clearance outcome. Unfortunately, due to multiple different 
barriers to treatment, adherence by CF patients to airway 
clearance therapy is approximately 40–47%. However, 
armed with the knowledge in this document, clinicians can 
improve patient outcomes. Patients must have important edu-
cation to successfully change behavior.
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