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40-50% of human body weight is muscle

 in muscle strength 1-6% per day of 

strict bed rest

Early development of atrophy

Change in type or density of muscle 

fibers



Incidence

25- 60% of mechanically ventilated

patients (5-7days) with sepsis, MOF, 

coma 

Denehy L et al Int Care Med 2017



 Early mobilization in deeply sedated or paralyzed ICU 

patients on mechanical ventilation has been shown to 

shorten ventilator and ICU days, to reduce health care costs

as well as to improve QOL



Matsumoto A et al Acta Histochemica 2014

Electrical muscle stimulation

Overexpression of Calpain-1,-2 and 

ubiquitinated protein in denervated is 

inhibited by EMS, no = in unloaded and 

unloaded + EMS

preventive effect of EMS = denervated

or unloaded



Grunow J et al submitted Crit Care 2019

Electrical muscle stimulation



415 studies => 11 included



415 studies => 11 included

No effect on mortality





 Is passive physical activity able to decrease the loss in 

muscle proteins (nitrogen balance and 3-MH/creatinine

ratio)?  

 to influence muscle mass (anthropometric)?

 to influence muscle function (electrophysiology)?

De Prato C et al Reanimation 2009;18



p<.05
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Burtin C et al CCM 2009

90 patients    GR control standard PT  

GR intervention standard PT + 20 min ergocycle



 162 participants, to FES-cycling (n=80) versus control 

(n=82). 

 Mean of 5  FES-cycling sessions +/- 56 min/day plus 15  

min/day of usual care rehabilitation. 

 The control group 15 min/day of usual care rehabilitation. 

Results:

 No significant differences for muscle strength at hospital 

discharge, no difference of cognitive impairment at 6 

months (OR 1.1 (95% CI 0.30 to 3.8)) or secondary 

outcomes measured in-hospital and at 6 and 12 months 

follow-up.
Berney S et al Thorax 2020
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Results:

0° 20° 40° 60° 80°

HR 96 ± 3 99± 3* 101 ± 3* 105 ± 3* 107 ± 3*

MAP 96 ± 3 90 ± 2 89 ± 2 87 ± 2 88 ± 2

CO 5.9 ± 0,5 6.1 ± 0.5 5.5 ± 0.5 5.6 ± 0.5 5.2 ± 0.5

SpO2 95 ± 1 96± 1 95 ± 1 95 ± 1 95 ± 1

Vt 513 ± 50 501 ± 43 516 ± 44 515 ± 38 504 ± 40

RR 27 ± 1 29 ± 1 29 ± 1 31 ± 1 32 ± 1

* statistically significant at 5%, Level vs Angle 0

Anova Variance analysis for repeated mesurements.
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 44 patients   CG 45 min neurorehabilitation (with Tilt up table)

 TG 45 min ERIGO   

2019
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133 patients   7-28 of onset

Gr A conventional PT

Gr B Erigo 40 min, 6/week 4 weeks

(30° st week, 50° 2-3 weeks, 75°, 4th 

week)





19 patients mechanical ventilation

PRM before body vibration (15 min)

Vital signs, haemodynamic parameters





✓Transferring











Kho ME  et al J Crit Care 2012

•use of major muscle 

groups

•performance of fine 

movements

•mental effort

•motivation



Protocol BMJ 2020

• 88 patients Mech vent 

>48H, MRC>2, seated

unsupported edge of bed

• Treadmill + usual care or 

usual care  40 min

• Number of days to 

functional ambulation, 6 

min WT












