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Désencombrement du patient 
ventilé



§Mucus clearance
§Cough



Toux
•Inspiration rapide à 70% de CV
•Fermeture de la glotte
•Contraction isométrique des muscles expiratoires                                               

montée en pression
•contraction diaphragmatique très brève
•Ouverture soudaine de la glotte
•expulsion d’air de l’ordre de 45% de CVF



Mucus = 97% water associated with electrolytes and 
solid particles (mucins,proteins, phospholipids…)

2 parts: sol layer (fluid)
gel layer (gel)

Velocity: 0,4 mm/min peripheral bronchus
20     «       central      « 

Mucus amount: 50-150 ml/day. Controlled by ortho-
and para-sympathetic nervous system

Fahy J et al NEJM 2010



Efficacy:
Number of active cilia
Coordination between frequency and beats of cilia
Depth of sol and gel layers
Rheologic properties of mucus



Primary ciliary dyskinesia
Bronchial inflammation, edema
Changes in mucosal rheologic properties
Morphologic changes of bronchial tree
Restrictive syndrome
Decreased expiratory muscle force



Fahy J et al NEJM 2010



Excessive mucus and impaired mucus 
clearance:
§Airway plugging (COPD, CF)
§Airway trapping
§Airway obstruction
§Abnormal lung perfusion   ratio V/Q 

Marcus A Mall et al Ann Am Thorac Soc 2016



§Gas exchange



Eur Resp J 1997



§Excessive mucus = nutrient rich nidus for 
bacterial infection, inflammation
§Progressive and irreversible structural lung
dammage (brochiectasis)
§Chronic inflammation and infection  

developpment of emphysema
(structural damage of distal airways)

UNPLUGGING = effective treatment
Marcus A Mall et al Ann Am Thorac Soc 2016
Vestbo J et al AmJ Resp Crit Care Med 2013



§Cough
effective or not

§Dyspnea
mucus obstructs airflow by occupying lumen of numerous

airflow
physical signs-bronchial sounds
atelectasis-opacities

Fahy JV et al NEJM 2010



Mall M A et al Ann Am Thorac Soc 2018



§« Mucus plugging per se can trigger 
airway inflammation in the absence of 
bacteria infection »



§Asthma
§Role of diffuse 
plugging well
recognized

Fahy JV et al NEJM 2010



§COPD
§Increased mucin production

deleterious effects for airway health
(mucus stasis, airway infection
Infection rate increases increasing disease
severity)

Fahy JV et al NEJM 2010



§Cistic fibrosis: poor mucus clearance 
infection
inflammation
injury

Bronchiectasis
Fibrosis
Cough, purulent sputum, hemoptsisis, 
dyspnea, rapid loss of lung function

Fahy JV et al NEJM 2010



§Acute viral and bacterial infection
§Bronchiectasis
§Primary ciliary dyskinesia
§Immunodeficiency status (organ
transplantation….)
§Intubated patient
§Paralysis
§Immobilization
§Surgery…. Fahy JV et al NEJM 2010





§Bypass of normal barriers
§=> lower airways are opened for intrusion of 
bacterias, viruses….
§=> lower-airway infection => impaired
mucociliary transport
§Impaired mucociliary transport due to loss of 
cilia (suctioning) rather than structural 
abnormalities

Konrad F et al Int Care Med 1995



§Incidence of lower respiratory tract colonization
(LRTC): 22-95% of intubated patients => major risk
of VAP
§Risk of colonization of oral cavity, nasopharynx, 
aspiration gastric content, position, sedation
§ cough reflex and effectiveness
§ =>  altered mucus clearance, hypersecretion, 
retention……

Konrad F et al Int Care Med 1995



§Cough:
§Ineffective (closure of glottis)
§Muscle weakness, neuromuscular disorders, 
ICUAW

secretions pooling, atelectasis, 
respiratory tract infections

weaning failure
reintubation

Fahy JV et al NEJM 2010





AJRCCM 1998



§ « …. Mucus clearance is aided by any maneuver that promotes
cough and increased minute ventilation including exercices. »

§Airflow generates shear stress on airway cell surfaces                                 
effects on mucus hydratation
both mechanical and biochemical beneficial effects from

non pharmacological approaches

Fahy JV et al NEJM 2010
Flume PA et al Resp Care 2009
Tarran R et al Annu Rev Physiol 2006



Aims of respiratory physiotherapy

• To clear airways secretions
• To improve ventilation and lung

compliance
• To reduce airway resistance and    

work of breathing









J Thorac Dis  2017, 9



J Thorac Dis  2017, 9

Conclusions: meilleure clearance
effets sur oxygénation et ventilation: 

éphémère
le plus utilisé: MHI mais nécessité de 

déconnection
CPT plus intense: bénéfice?
position et  compressions thoraciques 

manuelles? ( études préliminaires et expérimentales)



Wang MY Pan L Hu XJ

§ RESULTS: 

A total of 6 randomized (n = 704) controlled trials were identified. CPT 
did not significantly reduce the incidence of VAP (risk ratio = 1.02; 95% 
confidence interval, 0.82-1.26; P = .87), but reduced hospital mortality 
(risk ratio = 0.68; 95% confidence interval, 0.48-0.95; P = .02). No 
significant differences were observed regarding length of intensive care 
unit stay and duration of mechanical ventilation.
§ CONCLUSIONS: 

CPT may not significantly reduce the incidence of VAP.

However, the results should be interpreted cautiously owing to the 
heterogeneity and the limited trials. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20MY%5bAuthor%5d&cauthor=true&cauthor_uid=30642672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pan%20L%5bAuthor%5d&cauthor=true&cauthor_uid=30642672
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hu%20XJ%5bAuthor%5d&cauthor=true&cauthor_uid=30642672


RESEARCH Open Access

Benefits and risks of manual hyperinflation in
intubated and mechanically ventilated intensive
care unit patients: a systematic review
Fr. Paulus, Jan M Binnekade, M. B Vroom and M J Schultz                        Crit Care 
2012;16

Results:  50 articles ( 19 relevant). Trials differed too much 
to permit meta-analysis.
Short-term improvements in lung compliance, 

oxygenation, and secretion clearance, no changes in 
outcomes. 
!!! decreases in CO, alterations of HR, and increased CVP.
Conclusions: Studies have failed to show that MH benefits  
intubated and mechanically ventilated patients. 
!!! short-term side effects.



Lung hyperinflation by mechanical 
ventilation versus isolated tracheal 

aspiration in the bronchial hygiene of 
patients undergoing mechanical ventilation

50 patients were included. 
Compared to the Control Group, the MVH Group showed 
greater aspirated secretion amount (3.9g versus 6.4g, p = 
0.0001)

C Assmann et al Rev Bras Ter Intensiva 2016;1



Experimental study on the efficiency and 

safety of the manual hyperinflation 

maneuver as a secretion clearance technique
8 respiratory therapists

CONCLUSIONS:

MHI produced safe Palv levels. However, the MH maneuver 

was often performed in a way that did not favor secretion 

removal (PIF exceeding PEF), even after instruction. 

The unfavorable PIF/PEF ratio was attributable to overly 

rapid inflations and low VT. 

de Arruda Ortiz T et al J 2013 Bras Pneumol



PlosOne 2018



Effects of duty cycle and positive end-expiratory pressure 
on mucus clearance during mechanical ventilation

Li Bassi G et al Crit Care 2012; 40

In the semirecumbent position, mucus clearance is improved with 
prolongation of the duty cycle.

Effects of manual rib cage compressions on expiratory 
flow and mucus clearance during mechanical ventilation.

Marti D et al Crit Care 2013; 41

Hard manual rib cage compression improved mucus clearance in 
the semirecumbent position. The technique appeared to be safe. 
Conversely, soft manual rib cage compression was not effective 
and potentially unsafe. 
Predominant role of peak expiratory flow on mucus clearance.



Comparison of changes in tidal volume associated with 
expiratory rib cage compression and expiratory 

abdominal compression in patients on prolonged 
mechanical ventilation.

Morino A J  et al 2015 Phys Ther Sci

18 patients: Vt at rest: 7.2 ± 1.7 mL/kg
Vt chest compression: 8.3 ± 2.1 mL/kg
Vt abdominal     « :9.1 ± 2.2 mL/kg *

* Vt rest# abdo p < 0,05

Expiratory abdominal compression may be an 
effective alternative to the manual breathing assist 
procedure. 



December 2016 : online expert panel as part of a 
Delphi Process, to determine expert consensus 
regarding physiotherapy management of intensive 
care patients with community acquired pneumonia 
(CAP) during the acute, intubated period. 
Lisa van der Lee
PhD Candidate, School of Physiotherapy
University of Notre Dame Australia

§ Systematic review protocol
§ JBI Database System Rev Implement Rep. 2017 

Jun;15(6):1508-1511. 





Conclusion: Multidisciplinary peer-review established
clinical validity of expert consensus statements for 
implementation with invasively ventilated adults with
community acquired pneumonia



Mechanical ventilation

Impaired mucus clearance Ineffective cough

Bypass of N barriers risk of pulmonary infection 



Mechanical ventilation

Impaired mucus clearance Ineffective cough

Bypass of N barriers risk of pulmonary infection 

UNPLUGGING = EFECTIVE TREATMENT



- Intubated patients:
• CPT recommended to avoid mucus plugging
• Chest wall or abdominal compression can be

recommended but P exp flow > Pinsp flow
- Pneumonia : some evidence for recommendations





§ SELECTION CRITERIA: 

§6 Randomised controlled trials (RCTs) assessing the efficacy of 
chest physiotherapy for treating pneumonia (conventional CPT, 
active cycle breathing tech, osteopathic manipulative treat, PEEP) 
in adults.

§No effect on mortality, improvement chest X-ray, length of stay

§AUTHORS' CONCLUSIONS: 

§Based on current limited evidence, chest physiotherapy might not 
be recommended as routine additional treatment for pneumonia 
in adults.

Cochrane Data base syst rev 2013


