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Schreiber A, Bertoni M, Goligher EC. Avoiding Respiratory and Peripheral Muscle Injury During Mechanical Ventilation: 
Diaphragm-Protective Ventilation and Early Mobilization. Crit Care Clin. 2018;34(3):357–81. 

Mechanical ventilation



Farhan H,. Anesthesiology. 2016

ICU acquired weakness
Diaphragmatic dysfunction 

Inactivité des muscles 
+

Environnement inflammatoire
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Les preuves manquent encore: 
• Meilleure technique de mobilisation précoce

• Délai d'initiation adéquat

• Dosage-réponse

• Type d'entraînement

• Intensité
• Durée
• Fréquence
• Temps de repos

EVALUATION 

INDIVIDUALISATION



Electrostimulation neuromusculaire (NMES)
Alternative ou complément à l’activité contractile volontaire.



Gerovasili V, et al. Electrical muscle 
stimulation preserves the muscle mass of 
critically ill patients: A randomized study. 
Crit Care. 2009

Effets sur l’atrophie musculaire

Twenty-six ICU patients



Effets sur l’atrophie musculaire

Dirks ML.  et al. clinical science 2015



Wageck B, et al. Application and 
effects of neuromuscular 
electrical stimulation in critically 
ill patients: Systematic review. 
Med Intensiva [Internet]. 2014

Effet sur la fonction des muscles périphériques 



Ruvistay Gutierrez-Arias, Yorschua Jalil , et al.  Effectiveness
of neuromuscular electrostimulation in COPD subjects on

mechanical ventilation. A systematic review and meta-
análisis. Clinics 77 (2022) 

Effet sur la durée de la VM

Effets sur la fonctionnalité (temps du lit au chaise)

BPCO 



Maryam Balke, et al. 

Therapeutic Potential of

Electromyostimulation

(EMS) in Critically Ill

Patients—A Systematic

Review. Frontiers in 

Physiology, May 2022,







Cheryl Hickmann O.  - PT, PhD

Molinger J. Curr

Opin Crit Care. 2021

Défaillance énergétique



Medrinal C. et al.  Crit Care 2018
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Video: Valentin Durant
Hopital Ambroise Paré Mons – Belgique 



França E.E.T. , 
Braz J Med Biol 

Res 2020

4 groups: 
Control 
PCE = Passive cycle-ergometry (20min, 30 cpm)
FES = Functional electrical stimulation (20min)
FES + PCE (20min+20min)



Weber-Carstens S, et al. AJRCCM 2013

Electrical muscle stimulation n=4, ARDS and sepsis

EMS may:

- Diminish protein breakdown
- Prevent muscle-specific AMPK failure
- Restore GLUT4 disposition

(GLUT4, red; nuclei, blue)



Resistance training + NMES

Gorgey AS, Appl
Physiol (1985)
2021



Resistance training + NMES

Gorgey AS, Appl
Physiol (1985)
2021



BFR + NEMS

Gorgey AS 2016 
Eur J Appl Physiol

Flow mediated dilatation Spinal cord injury

6 weeks of training, twice weekly for 30 min 

9 spinal cord injury patients



A.M. Dall’ Acqua et al. J Rehabil Med 49, 2017

n = 11 patients EMS + conventional PT
n = 14 patients sham + conventional PT
For ~5 days, 1 x 30 min 
From first 48 h of MV

Chest muscle thickness Abdominal muscle thickness

Intervention
Group

Control
Group

↓ in length of stay in the ICU
= MV duration

53 mA (SD 15) 68 mA (SD 18)

5 mA (SD 0) 5 mA (SD 0)

Thickness preservation



Jonkman et al. Crit Care 2020

n = 10 patients= breath-synchronized EMS (60-100mA)
n = 10 patients= sham (10mA)
expiratory muscle FES (30 min, twice daily, 5 days/week until weaned)

10 vs 52 days                                                        12 vs 54 days 

Early FES did not induce systemic inflammation (plasma cytokines levels) 



NEMS des muscles ORL

MHH



n= 52 ICU patients (APACHEII>13)
n= 24 in the EMS group 
n= 28 in the control group.
EMS 55 min daily (from day-2 to ICU discharge)

(OR = 0.22; CI: 0.05 to 0.92, P = 0.04). 

- Higher MRC score at discharge
- Shorter weaning period
- Prevents the development of CIPNM

Routsi et al. Critical Care 2010



n=12     n=13    n = 11     n= 15
P value= 0.007

Dos Santos et al. Neuromuscular electrical
stimulation combined with exercise decreases
duration of mechanical ventilation in                                                    
ICU patients:  A randomized controlled trial. 
PHYSIOTHERAPY THEORY AND PRACTICE 2020

Duration of mechanical ventilation



ENM Contracción 
muscular

Perfil protector

Miokines
(IL-6, IL-15, 

Decorin, 
Myonectin, etc)

Brain

Brain

Brain

Effets 
indésirables

Atrophie des muscles

Inactivité 
musculaire

Pedersen BK, Febbraio MA. Muscle as an endocrine organ: Focus on muscle-derived interleukin-6. Physiol Rev. 2008;88(4):1379–406.
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Effet systémique antiinflammatoire (sujets sains)

Brain-derived neurotrophic factor (BDNF) plays several important roles in 
nervous system function including neuronal growth and plasticity.

Kimura T, et al. Neuromuscular 
electrical stimulation increases 
serum brain-derived neurotrophic 
factor in humans. Exp Brain Res. 
2019;237(1):47–56. 



Brain-derived neurotrophic factor (BDNF) plays several important roles in 
nervous system function including neuronal growth and plasticity.

Truong et al. Effects of neuromuscular 
electrical stimulation on cytokines in 
peripheral blood for healthy participants: 
a prospective, single-blinded Study. Clin 
Physiol Funct Imaging. 2017

Effet systémique antiinflammatoire (sujets sains)



Ruvistay Gutierrez-Arias, Yorschua Jalil. 
Estimulación eléctrica neuromuscular en el 

paciente crítico. Una revisión narrativa. 
Revista Chilena de Anestesia 2021

Effets sur l’atrophie musculaire



Protocole d’étude

Obtención muestra
Almacenaje y 

procesamiento
Kit ELISA multiplex

Analisis de miokinas

(IL-6, BDNF, 
Myostatin y Decorin)

Resultados



Metodología según objetivos
Intervención sobre cuádriceps y medición ecográfica 
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Protocole d’étude

ClinicalTrials.gov Identifier: NCT05536531



Medición de Presión traqueal (Ptr,tw).

Metodología según objetivos
Efecto de la ENM sobre la función (Ptr,twitch) y estructura diafragmática 

(Engrosamiento muscular).

Metodología según objetivos
Efecto de la ENM sobre la función (Ptr,twitch) y estructura diafragmática 

(Engrosamiento muscular).

Protocole d’étude

ClinicalTrials.gov Identifier: NCT05536531



Goligher EC,, et al. Measuring diaphragm thickness with ultrasound in mechanically ventilated patients: feasibility, 
reproducibility and validity. Intensive Care Med. 2015;41(4):642–9. 

Fracción de engrosamiento
Tfdi = (Tei-Tee / Tee) x 100

Medición de la fracción de engrosamiento diafragmático twitch (Tfdi).

Metodología según objetivos
Efecto de la ENM sobre la función (Ptr,twitch) y estructura diafragmática 

(Engrosamiento muscular).

Tee Tei

Metodología según objetivos
Efecto de la ENM sobre la función (Ptr,twitch) y estructura diafragmática 

(Engrosamiento muscular).

Protocole d’étude

ClinicalTrials.gov Identifier: NCT05536531
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