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Two axes

Physiopathological aspects of 
ICUAW

Very Low dose of exercise during 
Critical illness

Mankowski et al. 

J Clin Med.2021 



Critical illness
Inflammation

ICUAW

↓ oxygen delivery 

↓ energy production 

Upregulation of catabolic 

and/or apoptotic pathways 

Muscle atrophy & 

Nerve/muscle 

necrosis 

Damage via ROS 

↑ ↑ ↑ NO 

Cheung et al. J Appl

Physiol (1985) 2021

Chronic Hypoxia 
environment

Increased vascular 

permeability and edema

Tissue 

hypoperfusion



Exercise in ICU 

c.hickmannopazo@condorcet.be



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

Hypoxia

He F. et al 2016 
Frontiers in 
physiology



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 



Exercise modality
Aerobic-exersice
Low-moderate

intensity
40-60% VO2max 

Resistance 
(anaerobic)

High intensity
70-90% VO2max 

>60% 1RM

BFR + RE
Low intensity
20-30% 1RM

BFR + AE
Low intensity
<40% VO2max 

Clinical conditions

Passive BFR (without exercise)

BFR + EMS

BFR  + passive exercise

Patterson SD. 
Front. Physiol. 
2019



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



Passive BFR

Kubuta A. 2008 
Medicine and Science
in Sports and Exercise

200 mmHg
Kubota A. 2011 

Journal of Science and 
Medicine in Sport 

Knee flexor torques after 2-wk immobilization

50 mmHg

Complete BFR Partial BFR

Knee flexor torque after a 2-week immobilization



BFR passive mobilization 
20 ICU patients

Muscle Strength (MRC)
Muscle thickness (US)

One side control

Barbalho et al. 
Resp Care (2021)

Quadriceps muscle thickness

Thigh circumference

Blood flow restriction prevented
6.5% of muscle wasting

n = (age: 66 ± 4.3y)
every day during the ICU stay

Control Leg: 
Passive mobilization: 
3x 15 knee flexion-extension

Intervention Leg: 
Passive mobilization + blood flow 
restriction:
(80% of tibial artery systolic blood 
pressure)



BFR + NEMS

Gorgey AS 2016 
Eur J Appl Physiol

9 spinal cord injury patients

Flow mediated dilatation Spinal cord injury

6 weeks of training, twice weekly for 30 min 



Spranger MD 

2015 Am J 

Physiol Heart 

Circ Physiol



Spranger MD 

2015 Am J 

Physiol Heart 

Circ Physiol



Portential risks 

Patterson SD. 
Front. Physiol. 
2019



Future data in ICU population



This BFR approach seams to be safe in other 

populations and effective to improve vascular 

flux, metabolite accumulation and metabolic 

stress. 

Enhancing exercise benefices at very low 

intensity/duration exercise is particularly 

attractive for the ICU population.

There are emerging literature in the ICU 

population to assess the feasibility, safety, 

practical application and appropriate selection of 

patients.

Conclusion

↑ limb muscle volume and strength


