
one of the main goals of the physiotherapist and 

respiratory therapist in the ICU is to prevent and treat 
respiratory complications in critically ill patients related 
to pulmonary secretion retention and atelectasis.

In the mechanically ventilated patient, the primary 
mechanisms of secretion clearance (ie, mucociliary
transport and cough) are impaired. The presence of the 
artificial airway, poor humidification of inspired 
gases, and relative immobility .









 Mucus and Normal airway 
clearance

 Impaired airway clearance 
in NM patients

 How to asses

 How to manage





• Gel Layer (high
viscosity and
elasticity)

• Sol Layer (low
viscosity and
elasticity)

Mucociliary
Transport





 Decreased airway diameter
during exhalation results in
increased flow velocity
Increased airflow velocity
shears secretions and
drives material in direction
of flow Present in large and
small airways but is the
primary mechanism of
transport in smaller
conducting airways
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 Antibiotics

 Bronchodilators

 Anti-inflammatory drugs

 Mucolytics

 Nutrition





 Mucomyst (acetylcysteine)
◦ Breaks disulfide bonds

◦ Airway irritant

 Pulmozyme (dornase alfa or DNase)
◦ Targets extracellular DNA in sputum

◦ Specifically developed for cystic fibrosis

 Hypertonic saline
◦ Sputum induction

◦ Australian studies













ACTs utilize externally applied
forces and manipulation of lung
volumes, pulmonary pressures
and gas flow with the aim of
shearing sputum along the inner
surface of the airway lumen
towards the mouth
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Preparation Mobilization Evacuation Evaluation

• Nebulizers/ 
pharmaceuticals

• Humidification

Mechanical technique
• High Frequency Chest Wall 

Oscillation (The Vest®)
• Oscillatory Positive 

Expiratory Pressure (PEP)
• Intrapulmonary Percussive 

Ventilation IPV

Manual technique
• CPT / Autogenic drainage
• Active Cycle of Breathing 

Technique

• Self Managed/ 
Cough

• Cough Assist
• Suction

mobilize

evacuate

Stages of Airway Clearance Therapy 



Considerations for Selecting ACT



Perfect Lung

Mechanisms of deposition of aerosol





 Mucomyst (acetylcysteine)
◦ Breaks disulfide bonds

◦ Airway irritant

 Pulmozyme (dornase alfa or DNase)
◦ Targets extracellular DNA in sputum

◦ Specifically developed for cystic fibrosis

 Hypertonic saline
◦ Sputum induction

◦ Australian studies







 Use of gravity to aid mucus transport— postural
drainage (PD).

 External application of forces against the chest
wall—percussion, vibrations, shaking, high-
frequency chest wall compression (HFCC).

 Breathing techniques—active cycle of breathing
techniques (ACBT) and autogenic drainage (AD).

 Devices designed to introduce positive pressure
and/or oscillation into the airways—positive
expiratory pressure (PEP) masks, flutter, cornet,
accapela, intrapulmonary percussive ventilation
(IPV).

 Physical activity and prescribed systemic exercise
programmes.



Use collateral airway in lower lungs and alveoli 

to go behind the mucus plugs and push mucus 

up with airflow



requires the patient to be placed in positions
that anatomically favor the gravity directed
movement of secretions towards the upper
airways, from where secretions can be cleared
by coughing.







It consists of a rhythmical clapping on the
patient’s chest wall with a cupped hand, whilst
the patient is asked to take deep breaths.





Mechanical Percussors



Vibrations consist of a fine oscillation of the
therapist’s hands placed either side of the
patient’s chest wall and directed inwards

Shaking is a similar but coarser movement in
which the hands rhythmically compress the
patient’s chest wall again in an inwards
direction.

 SIDE TO SIDE >>>>> vibration
 UP AND DOWN >>>>>> shaking









 Huff cough (forced
expiratory technique)

 Active Cycle of

Breathing Technique

(ACBT)

 Autogenic Drainage
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“Huff Cough” or Force Expiration

Technique (FET)– is an alternative

to deep coughing

Huff coughing involves taking a deeper

breath than normal. Then use the

diaphragm and stomach muscles to make a

series of rapid exhalations, with the airway

open, making a, “ha, ha, ha,” or “H” sound.

This is then followed diaphragmatic

breathing, and then a deep cough if mucus

is felt moving within the larger airways or

trachea.



a cycle of techniques of:

 Breathing control (tidal breathing at the patient's own rate
and depth, encouraging use of the lower chest with
relaxation of the upper chest and shoulders)

 thoracic expansion exercises (deep breathing exercises
emphasizing inspiration with or without a breath hold;
expiration is quiet and relaxed) >>>diaphragmatic
breathing

 forced expiration technique (one or two huffs combined
with periods of breathing control).

 Huffing to low lung volumes will assist in mobilizing and
clearing the more peripherally situated secretions and,
when secretions have reached the larger more proximal



 GPB is a technique useful in patients with a
reduced vital capacity due to inspiratory
muscle paralysis.

 It was first described by Dail in 1951, when
patients with poliomyelitis were observed to
be gulping air into their lungs.

 It is a form of positive pressure ventilation
produced by the patient's voluntary muscles,
in which boluses of air are forced into the
lungs.



 Three phases
◦ Unsticking
◦ Collecting
◦ Evacuating

 AD aims to control expiratory flow at differing lung
volumes whilst avoiding the generation of an EPP
during expiration, allowing flow rates to last
longer, therefore move secretions further during
each expiration. During therapy, tidal volume
breathing is maintained at low lung volume (un-
stick phase), mid lung volume (collect phase) and
high lung volume (evacuate phase) depending on
whether the secretions are located within the
peripheral, proximal or central airways,
respectively.



Normal

Breathing

Complete

Exhalation

VT

RV

ERV

IRV

Cough

UNSTICKING COLLECTING EVACUATING



 Positive Expiratory Pressure

 Action: splints airways during exhalation

 Can be used with aerosolized medications

 Technique dependent

 Portable

 Time required: 10 - 15 minutes



 This device is pipe-shaped with a high-density
stainless

 steel ball-bearing enclosed in a cone in the bowl of
the

 "pipe". During expiration through the Flutter VRP11

 (Flutter), the rise and fall of the ball and its
movement

 along the surface of the cone creates a positive
expiratory

 pressure and oscillatory vibration of the air within
the

 airways. In addition, intermittent airflow
accelerations are

 produced by the same ball movements. These three

 phenomena help to loosen secretions, which are
mobilized

 to the central airways and cleared by deep
exhalations

 through the device with the aid of subsequent
coughing

 and/or huffing.

 Time required: 10-15 minutes



The RC-Cornet1 (Cornet)
is a curved plastic tube
containing a flexible
latex-free valve-hose.
During expiration
through the Cornet, a
positive expiratory
pressure and oscillatory
vibration of the air within
the airways are
generated.



 The acapella® is a
ready-to-use small
hand-held device
that combines the
resistive features of
the positive

 expiratory pressure
of a PEP valve and
the vibratory
features of a flutter
valve to mobilize
secretions in the
airway.



 IPV is the delivery of a pulsatile flow of gas to
the lungs during inspiration. The volume of
gas released with each pulse can be preset
and the pulsation frequency adjusted.

 The patient initiates the flow of gas and
during inspiration the pulsatile flow results in
an internal percussion.

 Interruption of the inspiratory flow allows for
passive expiration.



Intrapulmonary Percussive Ventilation





The key to IPV and all
other Bird ventilators is
the Phasitron – which
delivers rapid, high
flow, mini-bursts
(percussions) of Air or
Oxygen into the lungs
while simultaneously
delivering therapeutic
aerosols.



 General and respiratory exercises

 Exercise increases sputum
production but is not as effective as
the ACBT.

 The additional cardiovascular
effects of exercise should be
considered

 Many patients limited by physical
disability
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 Manually assisted cough

 Mechanically assisted cough

 Suction



 significantly increases peak cough flow by a
well timed thrust from an assistant during the
expiratory cycle.

 MIC in inspiration

Hand placement can be on:

 the abdomen (Heimlich-style thrust)

 anterior chest wall or costophrenic angles
(thoracic compression)



Manually assisted 
cough via thoracic 

compression



Manually assisted cough 
via abdominal-thoracic 

compression







gradual application of
positive pressure to the
airway followed by a
rapid shift to negative
pressure. The slow
inhale/rapid exhale
airflow simulates the
natural coughing
process









BTS recommendation 
 Consider mechanical insufflation–exsufflation as

a treatment option in patients with bulbar muscle
involvement who are unable to breath stack.

 Consider mechanical insufflation–exsufflation for
any patient who remains unable to increase peak
cough flow to effective levels with other
strategies.

 Where cough effectiveness remains inadequate
with mechanical insufflation–exsufflation alone,
combine it with manually assisted coughing.









Suctioning is the
mechanical
aspiration of
pulmonary
secretions from a
patient with an
artificial airway in
place.



Suggested Procedure for Ventilator Hyperinflation



Ta
ke home message
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