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Sedation

Hickmann CE. et al, Ann int care 2016 



Not possible to reach 
patient activity

or

Not recommended to do 
active movement

Hickmann CE. et al, Ann int care 2016 



Really useful? Limits!



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)
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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



Griffiths RD et al, Nutrition 1995 

Continuous passive motion (CMP) therapy 
3 x 3h/day → 7 days

p = 0.04. Values are means ± SEM.

5 patients – neuromuscular blockade for 7 days.
3 severe sepsis 

Muscle fiber atrophy was prevented with passive motion in 
the more severely ill patients



Llano-Diez et al. Critical Care 2012

n =7 fully sedated and MV patients 
(without neuromuscular blockade) 

CPM
4 x 2.5 hours 

during 7 to 11 days
(start 1.7 ± 0.9 days)

35% higher 
specific force 
(P < 0.001) 
compared with 
the unloaded 
leg

no effect in the prevention of the 
loss of muscle mass



Preiser JC, et al., J Nov Physiother 2014 

2x30min + diet

2x30min

2x60min
Standard care

n = 27 patients: respiratory insufficiency with prolonged sedation (21 neuro) 
7 days (whitout neuromuscular blockade)

- Standard care (n=8)
- Passive cycling 2x30 min (n=7)
- Passive cycling 2x60 min (n=6)
- Passive cycling 2x30 min + hypercaloric hyperprotein diet (n=6)

Muscle thickness by US = no changes
Electromyographic examination = no changes

(decreased myofibrillar protein catabolism) 



Machado AS, J Bras Pneumol. 2017

38 patients on MV: control (n = 16) conventional physical therapy
intervention (n = 22) Passive cycling exercise

First assessment (by the MRC scale): days 2.5 days in both groups
Second assessment at ICU discharge ~2 weeks

at ICU discharge
~2 weeks

days 2.5 days



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



✓ Biceps (P = .005) and quadriceps (P = .034) strengths were 
significantly higher on the stimulated side

✓ Improvement mainly observed in more severe and weaker patients
✓ Arm circumference decreased only in non stimulated side 

Rodriguez PO, Journal of Critical Care, 2012

n= 16 septic patients 
EMS 30 min twice at day, one side:
✓ Vastus medialis
✓ Brachial biceps

For 13 days (IQR, 7-30)
Start: day 2 (IQR, 1-2) after ICU admission



n= 8 ICU patients with septic shock 
EMS 60 min per day (7 days)
Start: 72h of sepsis diagnosis
Mean intensity 30-40 mA

Poulsen JB, Critical Care  Med, 2014

Loss of muscle mass was unaffected by EMS

No increases in plasma levels of creatinine 
kinase or myoglobin were observed



J. Segers, et al. Journal of Critical Care 2021

n = 47 medical/surgical ICU 
7 days of unilateral NMES
mean intensity 75mA

- Prevent atrophy by US
- No differences in muscle strength (n=18 cooperative patients)

Patients with the worst type of contraction were the more 
beneficiated with the intervention. 

- No effect of NMES on necrosis or inflammation in the muscles



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)



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) 



n = 20 ICU patients (age: 66 ± 4.3y)
every day during the ICU stay
US at ICU discharge

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

Intervention Leg: 
Passive mobilization + blood flow restriction:
(80% of the patient’s anterior tibial artery systolic
blood pressure)

Barbalho et al. Resp Care (2021)

Quadriceps muscle thickness

Thigh circumference

Blood flow restriction prevented 6.5% of muscle wasting

Cuff placed in the 
thigh’s proximal region

metabolic accumulation 

↑ anabolic growth factors

↑ protein synthesis through 
mTOR

↓ Myostatin



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



Limits?





Medrinal C. et al.  Crit Care 2018



Wollersheim et al. Critical Care (2017)

N= 16 patients 
Longitudinal study: 
- Baseline
- PROM
- Whole-body vibration 
- Rest 

>1000 muscle contraction/min



Hickmann CE. Intensive Care Med 2014

Pat-6W (n = 17) 
Pat-3W (n = 7) 
Pat-0W (n = 15) → 13 MV patients

14 patients with sepsis/septic shock
Continuous Indirect Calorimetry

No change in VO2 during 30 min 
passive bed cycling was observed



PROM was not associated with relevant changes in sublingual 
microcirculation or systemic hemodynamics.

Pinheiro et al. Ann. Intensive Care (2017) 7:95

n = 35 septic shock patients.

PROM: 20 min of passive movements 
30 movements per minute (digital metronome) 



Callahan LA, Crit Care Med 2009 Dummond N, Am J Physiol Regul Integr Comp Physiol, 2008

“Primum non nocere”

Tetanic 
contractions
at 10, 20, 50, 
80, and 100 Hz

In vitro animal model

Isolated
muscles 

fibers



Inflammation was not enhanced by early exercise

Hickmann CE, Crit care med 2019CCM_46_9_2018_06_12_HICKMANN_CCMED-D-18-00124_SDC1.mp4; [Video] (98.75 MB)

n= 19 septic shock patients
Starting <72h sepsis onset



19 MV patients:
Control (n = 10)
Cycle-ergometer (n = 9)
single session => 20 min at 30 cycles/min

França EET et al. Clinics 2017

There was no significant difference between 
the values of TNF-a, IFN-g, IL-6 and IL-10
(before – after cycling)

Nitric oxide = oxidative stress



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) => NEMS
FES + PCE (20min+20min)

↓ TNF-α only
after passive 
cycling



Conclusion

• Passive movement is necessary when active movement is not possible or not allowed.

• Several benefits are described (prevention /maintain) =>  without muscle damage or inflammatory increase

• Novel techniques such as FES, whole-body vibration, 

or passive mobility with blood flow restriction

promise us future therapeutic benefits!

• We need more evidence (dose, longer endpoints, specific populations…)

Thanks


