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 .




Table 2 Time (hours) required for physiotherapy interventions in
uncomplicated and complex situations

Time (h)

Uncomplicated Acutely unwell or
Intervention patient complex patient
Initial assessment of all patients includes:
» History
» Physical examination
» Imvestigations and results 0.5-0.75 1
» Interpretation of imaging
» Tests of mobility, function or exercise

capacity

Airway clearance technigues
Initial exploration and teaching of appropriate  0.5-0.75 1
technigue
Airway clearance technigues
Follow-up/review 0.25-0.5 0.5-1
Breathlessness management 0.50 0.75
Self-management/education 0.25 0.50
Individual help with mobility, physical activity/ 0.50 1
exercise
Formal exercise test + mobility aids 0.25-0.50 0.75-1
Ambulatory oxygen assessment 1 1.25-1.45
Mon-invasive ventilation
CPAP, NIV, IPPB: set up 1 1
Mon-invasive ventilation
CPAP, NIV, IPPB ongoing 0.50 1
Special interventions, eg:
» Bronchoconstriction trials
» Induced sputum 1 1
» Hypertonic NaCl trial
Pulmonary rehabilitation assessment 1 per patient or 10 per group
Pulmonary rehabilitation 10/patient/programme, or
8-week programme 100/group or programme

CPAP, continuous positive airway pressure; IPPB, intermittent positive pressure
breathing; NIV, non-invasive ventilation.
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Critical Care Ultrasound 5 ALBERTA
LUNG ULTRASOUND STAGES OF COLLAPSE &/0R CONSOLIDATION

A. NORMAL AERATION, LUNG SLIDING + A-LINES C. SEVERELY REDUCED AERATION, -+/-LUNG
SLIDING ++B-LINES

B. REDUCED AERATION, LUNG SLIDING + B-LINES D. COLLAPSE, TISSUE-LIKE, LINEAR VASCULAR
MARKINGS &/OR DYNAMIC AIR BRONCHOGRAMS
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» Mucus and/Normal-ainvayay
clearance:

» Impaired-airway clearancece
in NM! patients s

» How torassess

» How toomanagee







Mucociliary
Transport

A Gel Layer (high
VISCOSIty and
elasticity)

A Sol Layer (low

and

viscosity
elasticity)

A

Airway lumen
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Periciliary layer 7 ym
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Ciliated cells

Secretory cells
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Cephalad Airflow Bias

\

y Decreased ainway, diameterr __
duningy exhalationn resultss im s
increased! floww  velocityy ®
Increased! airflowy velocityy .
shears  secretionss and |
drivess material! in directionn T
of flow Present in large: and &
smalll airways but: is the
primaryy  mechanism)  of
transpont ¢ in smallerr
conductingg airways




A VICIOUS CYCLE

Impaired airway clearance

Mucus
retention

Lung
damage

Inflammation,

Ventilation/perfusion mismatch,
Gas-exchange impairment,
Increased work of breathing,
Mechanical ventilation dependence,

I‘ncreases the risk of pneumonia and keeps feeding this cycle.

Mucus plugging,
obstruction

Lung
infection

| mucus production



Interrupting the Vicious Cycle

AIRWAY
CLEARANCE
TECHNIQUES

Ay,
/5/077
|t edustion







1 Antibiotics

} Bronchodilators

; Anti - inflammatory drugs
; Mucolytics

1 Nutrition




Nebulized drugs

mouthpisce

atoroge
campartmant

nabulizer cup

connector

tubing

Neb-u-Lite LX2 Nebulizer Compressor




MUCOLYTICS

) Mucomyst (acetylcysteine)
BBreaks disulfide bonds
BAirway irritant

) Pulmozyme (dornase alfa or DNase)
BTargets extracellular DNA in sputum

BSpecifically developed for cystic fibrosis
» Hypertonic saline

“Sputum induction
“Australian studies




Listing of mucolytic agents

Generic name

Erdasteine

Acetylcysteine

Bromheksin

Carbocysteine

Guiafenesin

iodinoted glycerol

Brand name
Erdostin
Mucotec
Bronkyl
Fluimucil

Mucomyst

Bisolvon

Mucedyne
Breonesin

Guiatuss

Humibid

Humibid LA

Hytuss

Robitussin

Solvipect

Expigen

How it is given
Capsules, syrup
Capsules, syrup
Tablets
Tablets

Tablets
Liquid solution

Tablets
Liquid solution

Syrup, capsules
capsules

Tablets
Liquid solution

Tablets
Liquid solution

Tablets
Liquid solution

Tablets
Liquid solution

Liquid solution

W —_

Dosage

300 mg twice daily
300 mg twice daily
200 mg twice daily
600 mg daily

200 mg twice daily

8-16 mg, 4 times daily
6-10 mL of 10%, or 3-5 ml of 20% every 6-8 hrs.

375 mg
200-300 mg 4 times daily

200-400 mg or
30 mg, 4 times daily

200-400 mg or
30 mg, 4 times daily

600 mg

200-400 mg or
30 mg, 4 times daily

200-400 mg or
30 mg, 4 times daily

200 mg, 3-5 times daily



Bronchial hyglene techmques

+ Postural drainage
* Percussion & vibration
*+ Directed cough

+ Forced expiratory technique ;35
+ Active cycle of breathing -
+ Autogenic drainage -

« Positive expiratory pressure
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Routine / Preventive Non-routine /

Manual Technigues Instrunental Techmigues

A I o S

 Endotracheal Suctioning  Manual / Ventilator Hyperinflation S
‘ : R

L Respiratory Gas ' - Mechamical In-Exsufflator =1
' S |

Humidification : 5 "
: - Devices for Artificial Asrway Patency CH 5 ¢

L Paticnt Mobilization + | Manual Rib Cage Compressions | ... ... .. ... .. ... ... ... ... St ™
] - - : :

: ' 9 2

- Patient Positioning ' } Percussion & Postural Drainage  } Intrapulmonary Percussive Ventilation & ' 5 ‘
' s two '

! T 2R

- Rowtiona! Bed Therapy 1 | Shaking - High Froquency Chest Wall Compression 3
: g

: s

Retained sirway secretions in patients who are intubated and mechanically ventilated may be managed using the above
preventive and interventional strategies




FOUR PHASES OF COUGH







DEFINITION

ACTs utlizec externallyy applied!
forcess and manipulationn of lungy
volumes;, pulmonaryy pressuress
and gas flow withh the aim of
shearing; sputumn along; the innen
surface: of the airway lumem
towardss the: mouth,







Cough
augmentationn

Mucus:
maobilizing ¢




COUGH AUGMENTATION THERAPY




Evaliation

Preparation
A Nebulizers/ Mechanmheehnlque A Self Managed
pharmaceutica : 19N Brequencys Chest/ Cougt

n

gw]lglmn(lrhl, ' VESIC A Cough Assist
@sciliatory POosItv:

EXpIratory Pressure (FE
Intrapulrmenary: PErCUssIv
Ventlauenii2y

A Humidification Suctior

Manual tedhfiigue

A CPI /. Autcgenic draiat
Active CyCle or Breatnir
[ECnNIqus



Considerations for Selecting ACT

=lo) @10 AN Key Factors in Selecting a Bronchial
Hygiene Strategy

» Patient’s motivation

* Patient’s goals

* Physician/caregiver goals

* Effectiveness of technique

* Patient’s age

 Patient’s ability to concentrate

 Ease of learning and teaching

o Skill of therapists/teachers

* Fatigue or work required

» Need for assistants or equipment

 Limitations of technique based on disease type and
severity

» Costs (direct and indirect)

¢ Desirability of combining methods

Moeby iterns and derived items © 2009 by Mosby, Inc., an sffiliste of Elsevier Inc.



Mechanismsofdepeosition ofiaerasol

Mechanism:

Particle size:

Representative site:

Impaction

Large (>5 ym)

Nasopharynx

A

Sedimentation

Medium (1—5 pm)

Small airways

Yoo
SR
3

Diffusion

Small (<0.1 ym)

Alveoli







MUCOLYTICS

) Mucomyst (acetylcysteine)
BBreaks disulfide bonds
BAirway irritant

) Pulmozyme (dornase alfa or DNase)
BTargets extracellular DNA in sputum

BSpecifically developed for cystic fibrosis
» Hypertonic saline

“Sputum induction
“Australian studies




Listing of mucolytic agents

Generic name

Erdasteine

Acetylcysteine

Bromheksin

Carbocysteine

Guiafenesin

iodinoted glycerol

Brand name
Erdostin
Mucotec
Bronkyl
Fluimucil

Mucomyst

Bisolvon

Mucedyne
Breonesin

Guiatuss

Humibid

Humibid LA

Hytuss

Robitussin

Solvipect

Expigen

How it is given
Capsules, syrup
Capsules, syrup
Tablets
Tablets

Tablets
Liquid solution

Tablets
Liquid solution

Syrup, capsules
capsules

Tablets
Liquid solution

Tablets
Liquid solution

Tablets
Liquid solution

Tablets
Liquid solution

Liquid solution

W —_

Dosage

300 mg twice daily
300 mg twice daily
200 mg twice daily
600 mg daily

200 mg twice daily

8-16 mg, 4 times daily
6-10 mL of 10%, or 3-5 ml of 20% every 6-8 hrs.

375 mg
200-300 mg 4 times daily

200-400 mg or
30 mg, 4 times daily

200-400 mg or
30 mg, 4 times daily

600 mg

200-400 mg or
30 mg, 4 times daily

200-400 mg or
30 mg, 4 times daily

200 mg, 3-5 times daily






) Use of gravityy to aid mucus: transporttfi- postural!
drainage: (PD).

» Externall applicationn of forces: againstt the chest
wall fi-percussion;, vibrations;, shaking;, high-
frequencyy chest walll compressionn (HFCC

» Breathingy techniquessh-activee cycle of breathingg
techniquess (ACBT) and autagenicc drainage: (AD).

» Devices desi to introducee paositives pressure:
and/oor osci atmnn intor  the  ainways i-paositives
expiratoryy pressure: (PEP) masks;,, flutter,, comnet;,
3@(@)@&, intrapulmonaryry percussive: ventilationn

» Physical activityy and prescribed:! systemioc exencise:
pragrammess.

/




L Interbronchioles
channels of Martin

\ \ C Bronchiole-alveolar

\) channels of Lambert
\ Alveolar pores of

Kohn

Use collateral! airvay, im lowen lungs: and alveali
to go behind! the mucus: plugss and pushi mucus:
up withh airflowv




1. Postural Drainage

requiress the patientt to be placed! in positionss
thatt anatomicallyy favonr the gravityy directed!
movementt of secretionss towards:s the upperr
airways,, franm where: secretionss can be cleared!

by coughingo.




g

Superior and inferior segments of tho :
lingula lcbe

Postericr segment of the lef upper lobe

Apical segments of both lower lobes



Antericr basal segments of both lower

Lateral basal segment ofthe right lower lobe

Lateral basal segment of the lef lower lcbe
and the medial basal segment of the right lower lcbe




2. percussion

It conmsistss of a rhythmicak! clapping; on the
patienti® chest wall withh a cupped hand,, whilstt
the: patientt is asked to take: deep breathss.




Correct Hand Position for Chest Percussion

Hand positioned
' ‘.. ) Binchesfrom
S ) chest(2)

— Strike chest
in waving
movement (1)



Mechanical Percussors
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3. Vibrations &

Vibratiomss consistt of a fine: oscillationn of the
therapistt® hands placed eitherr side of the
patienti® chest walll and directed! inwardss

Shaking) iIs a similarr but: coarsen movementt in
whichh the hands: rhythmicallyy compress: the
patienttGs chest wall agaim In an Iinwardss
directionn.




