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Muscles & weaning failure

• Imbalance between respiratory 
load & respiratory capacity

Santangelo E et al., Curr Opin Crit Care, 2022McConville JF et al., NEJM 2012

Major determinant of weaning failure 
Doorduin Anesth 2018

Muscles dysfunction



Pathophysiology of muscle weakness

Doorduin J et al. Am J Respir Crit 

Care Med 2013

Respiratory
muscles



Respiratory muscles, which ones?

Bureau C et al., Eur Resp Rev 2023

Shi ZH et al., Intensive Care Med 2019

Diaphragm
Extradiaphragmatic muscles

Abdominal muscles



Respiratory muscles, which ones?

• Diaphragm

• Extra-diaphragmatic inspiratory muscles
• Parasternal intercostal muscles

• Expiratory muscles
• Transversus abdominis

• Internal & external obliques

• Rectus abdominis



Diaphragm & weaning

Supinski GS et al. Critical Care. 2013

Dres M et al., Am J Respir Crit Care Med 2017



Parasternal IC muscles & weaning 

Umbrello M et al., Brit J Anaesthesia.

Dres M et al., Anesthesiology. 2020

ρ = −0.79 [CI 95%, −0.87 to −0.66]



Expiratory muscles & weaning

Shi ZH et al., Intensive Care Med 2019



Expiratory muscles & weaning

Doorduin J et al., Anesth 2018



Respiratory muscles ultrasound

Tuinman PR et al., Intensive Care Med 2020



Parasternal intercostal muscle ultrasound

• Semi-recumbent position

• 10–15  MHz linear transducer

• Between the 2nd and the 3rd rib

• 3–5 cm laterally from the sternum, longitudinal scan

• B mode to identify the three-layered biconcave structure

• M Mode to measure the muscle thickness

• between the two hyperechogenic layer (fascial 
borders)

• at the cranio-caudal midpoint between the ribs

• at end-expiration and end-inspiration

• Thickening fraction (TFic): calculated as the percent 
change in thickness between end-inspiration and end-
expiration

Formenti P et al., Ann Intensive Care. 2020



Parasternal IC muscle ultrasound accuracy

Dres M et al., Anesthesiology. 2020



Parasternal IC muscle ultrasound accuracy

Dres M et al., Eur Respir J. 2021



P. intercostal muscle ultrasound accuracy

Truong D., Crit Care Med 2023



Expiratory muscles ultrasound

Shi ZH et al. Intensive Care Med 2019

Inspiration Expiration



Expiratory muscles ultrasound accuracy

Schreiber AF et al. Chest. 2021

AUC ROC curve = 82% [95% CI, 59-100]



Diaphragm ultrasound - excursion

Wormser J. et al. Kinésithér Rev 2017



Diaphragm ultrasound - excursion

• Normal values (Boussuges et al., 2009) :
• Tidal volume : 1 - 2,5 cm
• Deep breathing : 3,6 – 9,2 cm

• Dysfonction (Le Neindre et al., Int J Nursing Studies, 2021) :
• < 1 cm 



Diaphragm thickening fraction

Le Neindre A. et al. Australian Crit Care 2022



Diaphragm thickening fraction

• Normal values (Summerhill, Chest 2008)

• Healthy subject :  28 – 96 %

• Dysfunction (Dubé, Thorax, 2017)

• < 30%
• Well correlated with PdiTw



Diaphragm ultrasound accuracy

Le Neindre A. et al., Int J Nursing Studies 2021



Guide to clinical practice

Spontaneous

Breathing Trial
Mechanical

Ventilation

Inspiratory muscles

-> Otpimize PS level

Expiratory muscles

-> thicknening at cough

-> predict reintubation

Lung & inspiratory muscles

-> Detect DD & lung 

derecruitment

LUS/Pleural &

Cardiac

-> Detect high-risk patients

SBT FAILURE

Diaphragm, Cardiac & Lung

-> Explain failure

SBT SUCCESS

EXTUBATION

Santangelo E., Curr 

Opin Crit Care 2022

Mayo P., Intensive 

Care Med. 2016

Tidal volume, Low PS/T-tube

Expiratory muscles

-> Detect expiratory 

muscles  « over » 

activation



Respiratory muscles within a holistic US 
approach



Thank you for your attention

Contact: aymeric.leneindre@gmail.com
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