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Disease processes can impair ciliary function, alter secretion production and mucus rheology, and
interfere with the cough reflex. Airway clearance therapy has been a cornerstone of therapy aimed
at minimizing the devastating effects of airway obstruction, infection, and inflammation due to
mucus stasis on the conducting airways and lung parenchyma. Although challenges to performing
clinical studies evaluating the effectiveness of airway clearance therapeutic modalities exist, re-
sources are available in the literature. In addition to device evaluations and original clinical re-
search, the expert opinion, systematic reviews, and evidence-based practice guidelines can be found.
These tools can be used to develop protocols and pathways to guide our practice. Monitoring and
reporting patient, process, and financial outcomes are essential steps germane to the implementa-
tion of evidence-based care. Key words: airway clearance devices; cough; mucociliary transport;
postural drainage; active cycle of breathing; positive expiratory pressure; oscillatory positive expiratory
pressure; HFCWO; secretion clearance. [Respir Care 2013;58(10):1669-1678. © 2013 Daedalus En-
terprises]

Introduction secretions and preventing airways obstruction. In health,
10-100 mL! of airway secretions are continuously pro-
duced and cleared by the centripetal movement of the
mucociliary escalator, and with the aid of transient in-
creases in expiratory air flow.> There are a variety of fac-

tors that can interfere with the body’s natural defense mech-

The mucociliary escalator and cough reflex maintain
optimal function of the respiratory system by removing
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Table 1.

Types of Airway Clearance Modalities Available to Facilitate Secretion Removal

Technique/Device

Description

Breathing techniques

Active cycle of breathing

A breathing technique that uses alternating cycles of breathing control or relaxed breathing,

thoracic expansion exercises to mobilize secretions, and the forced expiration technique
to facilitate secretion removal.'?

Autogenic drainage

A technique that uses breathing at the low volumes to loosen secretions, a normal tidal

volume to collect secretions, and large lung volumes to maximize expiratory flow and
move secretions from the central airways where they can be cleared by a cough.'?

Manual techniques

Postural drainage

The use of patient positioning to assist gravity in facilitating the movement of secretions

from peripheral airways to the larger bronchi where they can be cleared.'*

Clapping, percussion, and vibration

Clapping or percussion is the manual external striking of the chest wall with a cupped

hand, or mechanical device in a rhythmic fashion to loosen secretions from the bronchial
walls. Vibrations are applied to the external chest wall by placing both hands (one over
the other) over the area of the patient’s chest wall to be vibrated, then tensing and
contracting the shoulder and arm muscles while the patient exhales to mobilize
secretions cephalad.'?

Mechanical devices

Positive expiratory pressure (PEP)

The PEP device consists of a user interface (face mask or mouthpiece) and a one-way

valve attached to an expiratory resistor. A manometer may be used to monitor pressures
during the maneuver. Tidal breathing, with a slightly active expiration through the
expiratory resistor will produce expiratory pressures of 10-20 cm H,O at mid-expiration
to stent airways open, or increase intrathoracic pressure distal to retained secretions by
increasing functional residual capacity or collateral ventilation.'®

Oscillatory positive expiratory pressure (OPEP)

OPEP therapy devices use a mechanical means to interrupt flow, and an expiratory resistor

to create air flow oscillations during active exhalation of a tidal volume breath through
the device. Air flow oscillations reportedly decrease the viscoelastic properties of mucus,
making it easier to mobilize.'®

High frequency chest wall compression

An inflatable vest is used to apply high-frequency, small-volume expiratory pulses to the

external chest wall. Negative transrespiratory pressure is generated by the short, rapid
expiratory flow pulses at 2-25 Hz, to loosen, collect, and mobilize airway secretions.'”

Intrapulmonary percussive ventilation

Intrapulmonary percussive ventilation creates a positive transrespiratory pressure by

injecting short, rapid inspiratory flow pulses into the airway opening, and relies on chest
wall elastic recoil for passive exhalation.

Mechanical cough assist

Positive pressure is provided during inspiration to provide a slightly larger than tidal

breath, followed by negative pressure to expel secretions from the airways. Typically 5
cycles of positive (inspiration) and negative (expiration) pressure breaths are followed by
a period of normal breathing or ventilator use for 20-30 seconds, to avoid
hyperventilation. The sequence is repeated until no further secretions are expulsed.

anism, making it difficult to mobilize and evacuate
secretions from the airways. The aging process, tobacco
use, and environmental exposures reduce the efficacy of
ciliary structure and function.?-¢ Disease processes such as
progressive neurodegenerative conditions inhibit the nor-
mal cough reflex.”8 Pulmonary disorders such as cystic
fibrosis (CF), COPD, and bronchiectasis alter the produc-
tion and composition of mucus, and mucociliary clearance
disorders, such as primary ciliary dyskinesia, reduce the
efficacy of ciliary structure and function.®-!!

Airway obstruction and structural damage to the air-
ways and lung parenchyma result from recurring secretion
retention, infection, and inflammatory changes. As a re-
sult, airway clearance techniques (ACTs) and devices are
used to aid in mucus mobilization and expectoration. The
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objectives of this paper are to describe and review the need
for ACTs, discuss methodological challenges and limita-
tions to study design, and to describe methods for applying
evidence to clinical practice.

Airway Clearance Therapy: What Is It
and Why Is It Needed?

ACT utilizes physical or mechanical means to manipu-
late air flow, aid in the mobilization of tracheal bronchial
phlegm cephalad, and facilitate evacuation by coughing.'?
Breathing maneuvers,'? gravity assisted drainage,'* man-
ual techniques,'> and/or mechanical devices'®-!® can be
used to alter air flow and/or produce a cough or cough-like
effect (Table 1). Patient age, disease severity, ease of use,
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Fig. 1. Physiological factors that reduce the efficacy of mucociliary escalator function.

comfort, and cost affect device selection, adherence to
prescribed plan, and the efficacy with which secretions are
removed.

There are a number of disease processes that impair
ciliary function, alter secretion production and mucus
rheology, and interfere with the cough reflex. Secretions
that accumulate or are stagnant obstruct conducting air-
ways, are conduits for bacterial colonization and infection,
evoke inflammatory response, and contribute to airway
and parenchymal damage (Fig. 1).

Impairment of Secretion Clearance and
Pulmonary Disease

Rare genetic disorders such as primary ciliary dyskine-
sia and Kartagener syndrome impair cilia structure and
function.'*20 Although manifestations of these disorders
also include chronic sinusitis, sinus hypoplasia, and secre-
tory otitis media, repeated lower-respiratory-tract infec-
tions contribute to the development of bronchiectasis.?!
Ciliary function is also altered with chronic pulmonary
disease such as asthma, COPD, and CF. The literature
reports impaired ciliary function, and changes in the flow
or surface properties of mucus contribute to impaired
mucociliary transport during exacerbations of asthma, as
well as with chronic bronchitis. Thomas et al evaluated the
epithelial ultrastructure and ciliary function of patients with
varying degrees of asthma severity and healthy controls.
Subjects with severe asthma had a significantly lower num-
ber of ciliated cells and higher dyskinesia and cilia immo-
tility indices, compared to healthy controls or those with
mild or moderate asthma.?? Ciliary disorientation and a
reduction in mean cilia beat frequency were found in sub-
jects with moderate and severe asthma.?> Mucus hyper-
secretion and airways inflammation limit air flow during
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exacerbations of asthma. Typically, as bronchodilator and
anti-inflammatory agents reverse the air-flow limitations,
secretion clearance functions are restored.

An increased number of abnormal cilia are found with
chronic bronchitis as well. Ciliary dysfunction is exacer-
bated by continued cigarette use. Compared to non-
smokers and ex-smokers with chronic bronchitis, those
who continued to smoke had the highest percentage of
ciliary abnormalities, as well as the presence of ciliary
paralysis, features comparable to that found in bronchi-
ectasis.??> Unlike asthma, mucociliary transport does not
fully recover in chronic bronchitis. Recurrent infections
and inflammation further reduce the number of ciliated
epithelium. Hypersecretion of mucus with similar rheo-
logical characteristics to the mucus of those with CF
limit air flow and affect the ability to generate effective
cough flows.?* The increased propensity for mucus re-
tention, recurrent inflammation, and infection damage
conducting airways and inhibit restoration of mucociliary
function.

Ciliary dysfunction in patients with CF is attributed to
an abnormality of the gene that encodes for CF transmem-
brane conductance regulator.?> Dysregulation of the salt
and water content may reduce airway surface liquid, in-
hibit ciliary function, and create an environment that is
conducive to bacterial colonization and infection.?® As a
result, an exaggerated inflammatory response occurs. The
peripheral airways containing mucus filled bacteria are
also host to inflammatory cells, and cellular breakdown
products such as neutrophil-derived deoxyribonucleic acid
and filamentous actin.?’ Airways secretions are more vis-
cous and adhesive, and therefore difficult to clear. This
vicious circle of chronic infection, inflammation, and mu-
cus stasis limits air flow in the larger airways and leads to
the complete obstruction of the small peripheral airways
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and the development of diffuse, irreversible bronchiecta-
sis.28:29

Neurorespiratory Dysfunction and
Secretion Clearance Problems

Cough is a defense mechanism, initiated either volun-
tarily or by the stimulation of cough receptors located
primarily in the central airways, which aids in the evacu-
ation of secretions, and foreign substances from the respi-
ratory tract.3° Spinal cord pathology and/or diseases of the
neurorespiratory system can impact the control of motor
nerves, and, depending on the level of insult, interrupt or
weaken respiratory muscle function. Cervical spinal cord
injuries, especially those occurring between C3 and CS5,
affect diaphragmatic function, and contribute to respira-
tory insufficiency. Patients with high cervical injuries of-
ten require long-term mechanical ventilatory support. In-
juries to the thoracic and lumbar spine interrupt abdominal
and intercostal muscle function and impair cough func-
tion.3! Lack of an adequate cough contributes to the de-
velopment of recurrent respiratory-tract infections and at-
electasis and remains a major cause of death in this patient
population.3?

Chronic muscle disease, such as muscular dystrophies,
and motor neuron diseases cause muscle fatigue and wast-
ing. Respiratory muscle weakness can impair a cough mech-
anism by reducing expiratory flow, and the expulsion phase
of a cough, which hinders secretion removal and the abil-
ity to maintain adequate lung function.?33* Flow-volume
loops may be performed and evaluated for the presence of
cough spikes to determine cough effectiveness. Cough
spikes are large increases in expiratory flow generated
from the presence of enough intrathoracic pressure to cause
dynamic compression of air within the large airways as the
glottis is opened during a cough maneuver.? In a study of
53 patients with motor neuron disease, Chaudri et al re-
ported that subjects unable to generate cough spikes were
at increased risk for pulmonary infection and death (79%
mortality rate), compared to those with the ability to gen-
erate cough spikes (50% mortality rate).3¢

Indications for Airway Clearance

ACT is indicated for individuals whose function of the
mucociliary escalator and/or cough mechanics are altered
and whose ability to mobilize and expectorate airways
secretions is compromised. Early diagnosis and implemen-
tation of ACT, coupled with medical management of in-
fections and airways inflammation, can reduce morbidity
and mortality associated with chronic pulmonary37-3% and
neurorespiratory disease.’® Today a variety of interven-
tions may be used to enhance airway clearance, with the
goal of improving lung mechanics and gas exchange and
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preventing atelectasis and infection. Choosing the most
appropriate airway-clearance device or technique for an
individual patient requires integral knowledge of device
function and limitations, as well as an assessment of the
patient’s cognitive ability and the severity of pulmonary
impairment (Table 2).

Where to Look for Current Evidence

There is a lack of empirical evidence to support the
superiority of any particular airway-clearance device or
technique. There is much interest in developing evidence-
based airway clearance protocols to guide device/technique
selection. Searching through the literature to find the ev-
idence may be a time-consuming venture. Therefore, it is
important to become familiar with resources that are avail-
able to synthesize information, and the barriers that exist
with respect to airway clearance research.

Studies

Evidence available in the literature can be categorized
into pre-appraised levels*® (Fig. 2). Device evaluation and
clinical studies lie at the base of this hierarchical structure.
It is time and effort intensive to sift through the plethora
of studies evaluating airway clearance techniques and de-
vices. Moreover, there is a dearth of high level airway
clearance research. High-level studies are prospective, ran-
domized, blinded, placebo-controlled, and assess patient-
important outcomes. As a result, several methodological
challenges to ACT research exist. Many clinical studies
have very small sample sizes and are not adequately pow-
ered. It is often difficult for a single center, especially with
disease conditions that are rare, to obtain a sufficient num-
ber of subjects, and therefore report results with small
samples of subjects.*! Other challenges to designing and
conducting valid clinical trials exist. Due to the size and
design of ACT modalities, it is difficult to mask the treat-
ment assignment to the subject and/or the research team,
making blinding nearly impossible. Knowledge of the type
and/or sequence of ACT provided may influence the sub-
ject’s decision to enroll in or to continue with study par-
ticipation. There is also the risk that the subject’s personal
preferences or the researcher’s knowledge of the device
being used may bias study outcomes. It is also difficult to
control for variations in practice and use of ACTs.

Alterations in device use and adherence to protocol can
unintentionally influence outcomes. For example, if per-
cussion, postural drainage, and vibration were to be pro-
vided for a 30 min period to10 consecutive patients by the
same clinician, how could the researchers guarantee that
the clapping and vibration were provided with the same
intensity for each of those subjects? The length of the
treatment of intervention may also have an impact. Since
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Table 2.
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Age and Device Attributes to Consider When Matching Airway Clearance Techniques or Devices to Patient Need

Technique

Age Considerations

Concurrent Aerosol Therapy

Other Factors to Consider

Postural drainage, clapping, and
vibration

Active cycle of breathing

Autogenic drainage

Oscillatory positive expiratory
pressure

High frequency chest wall
compression

Exercise

(From reference 12.)

No age limitations

Introduce concepts at 3—4 years
of age

Coaching is required until
~10 years of age

Begin at ~10-12 years of age

Children, adults

> 2-3 years of age

Children, adults

Position specific

Yes

No

Device specific

Time/labor intensive

Need to modify postural drainage
positions

Requires a second caregiver

Takes time to learn

Depending on the decline in FEV,
may be difficult to perform
during exacerbations

Requires concentration

Depending on the decline in FEV,,
may be difficult to perform
during exacerbations

Requires concentration

Takes time to learn

Monitor pressures during therapy
to determine positive expiratory
pressure applied to airways

May be uncomfortable or difficult
to use with indwelling catheters
and chest tubes

Risk of bronchospasm

Risk of oxygen desaturation

) Integrated Computerized

Decision Support Systems
Non-pharmacologic Airway Clearance Syst
Therapies: ACCP Evidence Based Clinical gioVystesn

Practice Guideline®® New Horizons in

Respiratory Care:
Airway Clearance

Summaries

Cystic Fibrosis Pulmonary Guidelines: Airway Evidence based

Clearance Therapies®! linical ti Tecnnigues,
S CeDaCIce December 2001
guidelines
- 39th RESPIRATORY
Cochrane Reviews 9 Synopsis CARE Journal
y Systematic reviews Conference,

“Airway Clearance:

Synthesis
Evidence based conference proceedings

; Physiology,
e Pharmacology,
Techniques, and

Practice,” April,
2007

Studies
Original research

Clinical trials

é device

evaluations

Fig. 2. A hierarchical structure for classifying pre-appraised evidence, which can be used to evaluate the resources available to clinicians
interested in appraising airway clearance research. (From reference 40, with permission.)

ACT is time-consuming, poor adherence to the study pro-
tocol, and/or lack of device use may occur.*? Several stud-
ies have suggested that poor adherence to prescribed ACT
exists across all age ranges. For example, school-age chil-
dren demonstrated ACT adherence rates of 51-74%,4?
approximately 50% during adolescence,*> and 30-32%
among adults.** Lack of adherence has been linked to
lengthy treatment times,*> perceived lack of efficacy for

RESPIRATORY CARE ® OcTOBER 2013 VoL 58 No 10

the prescribed intervention,** coping mechanisms,*’ level
of education,*® and personal preference* for the ACT de-
vice or modality. To accurately evaluate the effectiveness
of ACTs it is essential to monitor and determine adherence
to therapy.

There is also sparse use of sham treatment.>® Sham
treatment is a medical procedure, analogous to a placebo,
which is given to a control group of subjects, to enable the
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Table 3. A Summary of Clinical Practice Guideline Recommendations

Cystic Fibrosis Pulmonary Guidelines: Airway Clearance Therapies®

Nonpharmacologic Airway Clearance Therapies: American College
of Chest Physicians Evidence-Based Clinical Practice Guidelines>”

Airway-clearance therapy is recommended for all patients with cystic
fibrosis, for clearance of sputum, maintenance of lung function,
and improved quality of life.

No airway-clearance therapy has been demonstrated to be superior to
any other.

For the individual, one form of airway-clearance therapy may be
superior to the others. The prescription of airway-clearance
therapy should be individualized, based on factors such as age,
patient preference, and adverse events, among others.

Aerobic exercise is recommended for patients with cystic fibrosis, as
an adjunctive therapy for airway clearance and its additional
benefits to overall health.

Postural drainage, clapping, and vibration has relatively modest
effectiveness, with unproven long-term benefits.

Manually assisted cough and cough assist should be considered for
patients with expiratory muscle weakness and impaired cough,
to reduce the incidence of respiratory complications.

Manually assisted cough may be detrimental and should not be
used in patients with air-flow obstruction, such as COPD.

Huffing and autogenic drainage should be taught as an adjunct to
other methods of sputum clearance in patients with COPD and
cystic fibrosis.

Oscillatory positive expiratory pressure, high frequency chest wall
compression, and positive expiratory pressure are effective
alternatives to postural drainage, clapping and vibration.

Expiratory muscle training is recommended for patients with
neuromuscular weakness and impaired cough to improve peak
expiratory pressure.

Long term outcomes of airway clearance therapy are unknown.

effects of the supposedly “active” treatment to be assessed
objectively. A sham treatment is not necessarily expected
to be ineffective. Rather, the purpose of a sham treatment
group is to identify any specific benefit of one element of
a medical treatment above and beyond all benefits that
might be attributed to everything else about that treatment.
Since ineffective mucociliary clearance leads to increased
morbidity and mortality, ethical considerations deter the
use of sham treatment in ACT research.

Synthesis

Conference proceedings review the clinical evidence and
scientific basis for diagnosis and treatment of diseases or
the use of therapeutic modalities. For respiratory therapists
the New Horizons Symposiums and RESPIRATORY CARE
Journal Conferences provide a venue for clinical experts
and scientists to review and present evidence specific to
our practice. Conference proceedings are then published in
REspIRATORY CARE. Two conference proceedings were ded-
icated to airway clearance: the New Horizons Symposium,
presented at the 47th AARC Congress in December, 2001,
and the 39th RespiraTOrRY CARE Journal Conference, con-
ducted in April, 2007. The scientific evidence with respect
to the physiology of mucus production and cough, phar-
macologic management, and non-pharmacologic ap-
proaches to airway clearance were presented and discussed,
and findings summarized. The aforementioned narrative
reviews also provide recommendations for new directions
and opportunities for future research and clinical care.
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Systematic Reviews

A systematic review is a summary of the literature that
uses an organized method to thoroughly search, critically
appraise, and statistically combine data from valid studies
in the literature.>! This evaluation is performed systemat-
ically and rigorously, the results of which are based on the
strength of the evidence found in the literature. Systematic
ACT reviews are available and include reviews of specific
techniques, such as active cycle of breathing,>? positive
expiratory pressure devices,>* and oscillatory positive ex-
piratory pressure devices,>* as well as sequencing pharma-
cologic agents,>>>° and comparing therapeutic modalities
for specific diseases such as CF>7 or COPD.%8

Evidenced-Based Clinical Practice Guidelines

In the last decade, 2 airway clearance clinical practice
guidelines have been published. Guided by systematic re-
view of the literature from multiple databases and hand
searches, authors constructed recommendations for the
non-pharmacologic management of secretion clearance in
pulmonary disease® and the use of airway clearance for
the treatment of CF lung disease.®® The authors acknowl-
edged methodological limitations of airway clearance re-
search, and reported recommendations made through
these guidelines were derived from a “fair” level of evi-
dence, or data that were valid enough to make plausible
conclusions in the absence of rigorously conducted scien-
tific studies. Recommendations were provided with re-
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@

Treatment not
indicated
Notify licensed
independent
practitioner

Secretion
clearance
problem

Performs Known

correctly

Continue
therapy

Intrapulmonary Yes
— percussive -
ventilation

Body weight
>3kg

breathe

Postural drainage
and clapping
OPEP with mask

Thick
secretions

PEP

' Yes

responder

Able to deep

Suction

No

Clear upper Yes
airway

CoughAssist

Directed cough
Quad cough

Muscle
Weakness

Forced
expiratory
technique

Consider
combination

Age and other
considerations
See Table 3

High frequency chest wall compression
OPEP
Breathing techniques

Atelectasis

therapy

b

Fig. 3. Respiratory therapist driven algorithm to guide airway clearance use. OPEP = oscillatory positive expiratory pressure.

spect to the general needs for airway clearance, as well as
for treatment of individual patients. A summary of the
pertinent findings from these guidelines can be found in
Table 3.

Putting Evidence Into Practice

The lack of empirical evidence to determine superiority
of any airway-clearance device or technique supports the
need for protocols to guide device/technique selection. The
literature supports the use of respiratory therapist-driven
protocols. Studies demonstrate that protocol use improves
appropriate allocation of respiratory services, by reducing
over-ordering and under-ordering of respiratory therapies,
and the cost of care.°’-** A few studies report that match-
ing ACT to clinical need improves patient adherence and
reduces missed therapy, especially when the patients are
educated consumers of care and actively engaged in the
ACT selection process.05-08

RESPIRATORY CARE ® OCTOBER 2013 VoL 58 No 10

An algorithm for guiding ACT was proposed!” but did
not account for an assessment of the patient’s ability to
perform therapy, determination of cough characteristics,
or frequency of re-evaluation. This algorithm recom-
mends to “continue effective therapy” if the patient is a
“known responder.”!” However, decline in pulmonary
and/or muscle function can occur during exacerbations or
with time, as a function of the natural progression of the
disease. The rate of decline in muscle and/or pulmonary
function can affect treatment efficacy and patient out-
comes. Evaluation of the need for ACT and use of a par-
ticular device or technique must include initial and on-
going assessment of the patient’s lung function, muscle
strength, and cognitive ability to perform the therapy.
Figure 3 integrates expert opinion,'>!7 evidence from
published systematic reviews,52-5457:58 and clinical prac-
tice guidelines®®°° to construct an algorithm to guide the
use of ACT. The establishment and evaluation of patient,
process, and financial outcomes are crucial elements in
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Fig. 4. An example of an integrated system for storing health information, guiding and evaluating clinical care.

protocol implementation. A computerized system pro-
vides an efficient and cost-effective method for evaluating
outcomes.%

An electronic medical record provides the potential to
create an integrated system to guide practice, store health
information, and evaluate patient and process outcomes
(Fig. 4). It is important not only to house protocols and
clinical pathways, but also to have an electronic health
record that can easily perform protocol or pathway audits
to determine allocation of services and patient and process
outcomes. Collecting outcome variables, such as hos-
pital or ICU stay, re-visitation rates, delays in care, missed
therapy, and order variances, can waste human capital if
the data collection process is cumbersome and time-
consuming.

Summary

ACT has for decades been considered one of the cor-
nerstones of therapy for the prevention and treatment of
pulmonary disease and neurorespiratory dysfunction. Al-
though there are methodological challenges that make it
difficult to evaluate the clinical efficacy of ACTs clini-
cally, literature does exist to guide our practice. An inte-
gral knowledge of ACTs (limitations of use derived from
the literature, recommendations from narrative and sys-
tematic reviews, and evidence-based clinical practice
guidelines), device performance, and patient characteris-
tics (disease state, lung and muscle function, cognitive
ability, preferences) is needed to construct evidence-based
approaches to guide care.
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