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Conflit d’intérêt 

Pas de conflit d’intérêt à déclarer 



LE PROBLÈME?
Lors du séjour en réa
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Altérations



Catabolisme accru

Fazzini et al. Critical Care (2023) Crit Care Med 2015; 43:1603–1611



Fonction altérée 

A. Mesejo y cols. 

Nutr. Hosp. (2006) 



Fonction mitochondriale altérée 

Molinger J. Curr Opin Crit Care. 2021
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Micro et macro adaptations

Convertino V.A. Medicine & 

Science in Sports & Exercise 1997 



LES EFFETS

De l’exercice physique?
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Micro et macro adaptations



ROS in exercise
reactive oxygen species

Moderate exposure to

ROS is necessary to

induce adaptive 

antioxidant defense 

mechanisms

Oxidative stress can occur

when the generation of ROS 

exceeds the ability of the

antioxidant system

He F. et al 2016 

Frontiers in 

physiology



Myokines et ses effets globaux 

Pedersen B.K. 
The Journal of Experimental Biology 2010  

J. Ntanasis-Stathopoulos 
Journal of musculoskeletal & neuronal interactions 2013 



Spranger MD 

2015 Am J 

Physiol Heart 

Circ Physiol

Adaptations cardiovasculaires



Adaptations à l’exercice 

Flück M.
The Journal of Experimental Biology 2006  



Effet de l’entraînement

Qaisar R. Free Radical Biology and Medicine 98 (2016) 



Thyfault JP Diabetologia. 2020 

Effets multiples



In other populations PROM:

Promote muscle regeneration by activating 

satellite cells
Relaix F, Zammit PS (2012) Satellite cells are essential for skeletal muscle 

regeneration: the cell on the edge returns centre stage. Development 

139:2845–2856

Induce a reorganization of sensorimotor 

representation
Carel C, Loubinoux I, Boulanouar K, Manelfe C, Rascol O, Celsis P, Chollet 

F (2000) Neural substrate for the efects of passive training on 

sensorimotor cortical representation: a study with functional magnetic 

resonance imaging in healthy subjects. J Cereb Blood Flow Metab 

20:478–484 39. 

Infuence the excitability of the corticomotor 

pathway
Edwards DJ, Thickbroom GW, Byrnes ML, Ghosh S, Mastaglia FL (2002) 

Reduced corticomotor excitability with cyclic passive movement: a study 

using transcranial magnetic stimulation. Hum Mov Sci 21:533–540

Coffey VG. Sports Med 2007 



LES EFFETS

De l’exercice physique, mais en REA?



Kim HJ, J Phys Ther Sci 2014

Acute stroke patients:

Control (n=18) → PROM from week 2

Intervention (n=19) → <72h PROM 15-minute 

twice a day, 5 times a week, for 4 weeks

↑ ROM upper limbs

↓ Level of edema at  2 and 4 weeks

↑ The self-care skills (eating and 

dressing)

→

→

→

→

→

→

→

→

→



Llano-Diez et al. Critical Care 2012

9 ±1 days (start 1.7 ± 0.9 days)

n =7 fully sedated and MV patients

2,5h X4j 

Continuous passive motion



Very ealy exercice cycling

CCM_46_9_2018_06_12_HICKMANN_CCMED-D-18-00124_SDC1.mp4; [Video] (98.75 MB)

Sans augmentation de l’inflammation déjà existante

n= 19 patients avec choc septique 

initiation <72h du diagnostique 

2X 30 min vélo sur 7j/7j

Hickmann CE. CCM 2019



Plus d’activités ont été réalisés, le 

maintient de la masse musculaire était 

plus important.

Hickmann CE, 

Crit Care Med 

2019

Very ealy exercice cycling



NMES

Weber-Carstens S, et al. AJRCCM 2013

n=4, ARDS and sepsis

EMS may:

- Prevent muscle-specific AMPK failure

- Restore GLUT4 disposition

- Diminish protein breakdown

(GLUT4, red; nuclei, blue)



E.E.T. França, Braz J Med Biol Res (2020)

4 groups: 
Control
PCE = Passive cycle-ergometry 
FES = Functional electrical stimulation
FES + PCE

↓ TNF-α only 

after  PCE



Resistance training + NMES

Gorgey AS, Appl
Physiol (1985)
2021

Neither NMES-RT nor PMT changed mitochondrial complex tissue
levels; however, changes in peak VO2 were related to complex I in 
mitochondrie.



Intensité idéale?
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Clinical parameters

Only full data sets (from before to after physiotherapy) were included. Total sessions: MAP: experimental n=193, 

control n=214, HR: experimental n=195, control n=222, VO2: experimental n=166, control n=192, SpO2: 

experimental n=195, control n=221. 
Eggmann S, 

PLOS one 2018



Eggmann S, 

PLOS one 2022

Clinical parameters



Et sur oxygénation? 

Hickmann CE et al. Resp Care (2021)

Reflex of FRC Reflex of Vt

n=17 MV patients   

 n= 6, active chair-cycling

 n= 11 passive chair-cycling



MV parameters adaptation

Akoumianaki et al. Ann. Intensive Care (2017) 

Proportional ventilation during exercise results in higher work 

efficiency and less increase in VO2 compared to ventilation 

with PSV. 

These preliminary findings suggest that proportional ventilation 

could enhance the training effect and facilitate rehabilitation. 



Hickmann CE. 

ICM 2014
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Consommation d’oxygène



Medrinal C.

Annals of Int Care 2018

Débit cardiaque 



Wollersheim et al. Critical Care (2017)

Mechanical stretch and reflex mechanism by the 

peripheral nerve.

Leads to much more than 1000 muscle 

contractions per minute 

Leading to increased muscle strength and mass, 

seen as muscle hypertrophy in other populations

Whole-body Vibrations
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Hickmann CE, et al submitted 

R.S. de Queiroz et al. / 
Heart & Lung (2018)

Manque de description 
des activités by CERT



5 min

~3W

33 rpm

Borg ~13

12 min

~35W

60 rpm

Borg ~13

ICU patients

Control

Sommers J. Muscle 

& Nerve  2018

Intensité



Intensité de l’exercice 

Medicine & Science in Sports & Exercise 43(7):p 1334-1359, July 2011

https://journals.lww.com/acsm-msse/toc/2011/07000
https://journals.lww.com/acsm-msse/toc/2011/07000
https://journals.lww.com/acsm-msse/toc/2011/07000


Hypoxia in skeletal muscle

Critical illness + 

immobilization

COPD

High Altitude

(Hypobaric Hypoxia)

Normobaric Hypoxic 

chamber (FiO2: 12-16%)

Blood flow restriction training

Deldicque L. 

2013 Cell and 

Molec Ex Phy



Blood flow restriction (BFR) training
It was originally developed in Japan in the late 1970s termed as KAATSU training.

Vopat BG.  

2020

JAAOS

Occlusive pressure

First : 200 mmHg

Currently: 50 mmHg

Wider tourniquet:

Lower pressure

More effective

⇣ Pain 

Crenshaw AG. 

1988 Acta orthop 

scand

40–80% of the 

Arterial occlusion 

pressure (AOP).



Scott 2014

Intermitent Hypoxia 

environment

Acute local 

Hypoxia 



Passive BFR

Surgical reconstruction of the anterior 

cruciate ligament (ACL)

Day 3 to 14 

180 – 260 mmHg

Takarada J. 2000

Medicine and Science

in Sports and Exercise



Cardiopulmonary exercise testing (CPET) 

Cheryl Hickmann O.  - PT, PhD

Van den Oever HLA, 

Physiological Reports 2022

MV patients mobilizing actively on an in-bed cycle ergometer, while recovering from critical illness

N=7



Van den Oever HLA, 

Physiological Reports 2022
Cheryl Hickmann O.  - PT, PhD

Cardiopulmonary exercise testing (CPET) 

All patients had reduced exercise 
tolerance, because of: 
- an insufficient gas exchange
- Cardiovascular limitations and/or
- Ventilatory restriction.
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Endurance testing for ICU patients 

Kim SH, et al Healthcare 2023 

knee extension (40 BPM, 60 repetitions) and ankle dorsiflexion (80 BPM, 120 repetitions) 

at a constant pace using a metronome for 3 min and counts the number of repetitions. 



Cardiopulmonary exercise testing (CPET) 

Whittle J. 

Curr Opin Crit Care 2021 



NOUS AVONS ENCORE

DU TRAVAIL !
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