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FIGURE 1

Endothelial biology and pathogenesis of ICU-acquired weakness. Endothelial cells (EC) engage in molecular crosstalk with myocytes and peripheral
nerves in skeletal muscle. Activated ECs secrete mediators of inflammation that lead to atrophy and oxidative stress within adjacent myocytes; disruption
of the vascular niche affects satellite cell function and capacity for muscle regeneration and repair; damage to the blood-nerve-barrier promotes
leukocyte adhesion and development of critical illness polyneuropathy. Created with BioRender.com
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Figure 1 Ultrasonic cross-sections through the tibialis anterior
muscles showing different grades in echogenicity as defined by
the Heckmatt score [23]. (A) Normal echo intensity with starry-night
aspect with distinct bone echo in a healthy control. (B) Increased
echo intensity with normal bone echo in a septic patient at day 4.
(C) Increased echo intensity with reduced bone signal in a septic

. . . patient at day 14. (D) Increased echo intensity and loss of bone
Crlt Care Med 2015, 43 1 603_1 611 signal in a septic patient at day 14.
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Figure.
The oxygen transport pathway, showing pulmonary<ardiovascular-metabolic coupling that affects cellulor respiration. O,=oxygen, CO,=carbon

dioxide, VO,=0, uptake from the alveoli, Vco,=CO, output from the alveoli. (Modified from Wasserman K, Hansen JE, Sue DY, Whipp BJ.
Principles of Exercise Testing and Interpretation. Philadelphia, Pa: lea & Febiger; 1987.)
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Fig. 4. Biological role of contraction-induced IL-6. Skeletal muscle
expresses and releases myokines into the circulation. In response to
muscle contractions, both type | and type Il muscle fibres express the
myokine IL-6, which subsequently exerts its effects both locally within the
muscle (e.g. through activation of AMP-activated protein kinase, AMPK)
and — when released into the circulation — peripherally in several organs in
a hormone-like fashion. Figure reproduced in modified form, with
permission (Pedersen and Fischer, 2007).
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Skeletal muscle adaptive response to endurance and resistant exercises. <, No
change; < 1 no change or small effect; 1, small effect; 11, large effect.
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Effects of Bilateral Passive Range of Motion Exercise
on the Function of Upper Extremities and Activities
of Daily Living in Patients with Acute Stroke

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

Table 3. Comparison of range of motion of affected shoulder between experimental and control groups

) Baseline After 2 wks After 4 wks
Variables
Mean+SD
, Exp (n=19) 114.1£13.0* 116.7+12 8P 119.0£12.6¢
Flexion () Cont (n=18 109.1£202¢  —  109.8£207 1111221 1°
IE{mt (n_lg} 25-2 52- 2'}'-1 4§;h 29-5 53-‘ T S upper limbs
= 2452 144, 545.3¢
Extension (°) xp (n=19) | Level of edema at 2 and 4 weeks
Cont (n=18) 31.2+47 — 31.3+47 319448 . .
Exp (n=19) 94.2+12.09 96.3+12.1v 98 4+12.5¢ T The self-care skills (eating and
Abduction (%) dressin )
Cont (n=18) 927£13.00 — 93.0+13.1 942413 4 g
, Exp (n=19) 51.3£19.82 53.8+19.5b 55.6+19.6°
Internal rotation (%)
Cont (n=18) 57.7+14 8* — 58.3+14 8P 58.8+15.2¢
] Exp (n=19) 44 8+24 92 46 7+25.3b 48.6+25.5¢
External rotation (%)
Cont (n=18) 35.0+18.22 — 3544183 36.0+18.3"

Exp=Experimental group, Cont=Control group, "< =Bonferroni test

Kim HJ, J Phys Ther Sci 2014



Continuous passive motion

9 £1 days (start 1.7 = 0.9 days)

n =7 fully sedated and MV patients Specific force in single muscle fibers.
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Figure 2 Specific force in single muscle fibers. Specific force in single musdle fibers expressing the type | myosin heavy chain isoform in the
Days loaded and unloaded legs from patients exposed to unilateral loading and mechanical ventilation for @ + 1 days. Black circles, individual means;
Figure 1 Ultrasound measurements of tibialis anterior cross-sectional area. (A) Relative cross-sectional area (CSA) during the intervention open triangles average for all patients p00|8d together + standard error of the mean.
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day of the intervention, and mean + SEM for all patients.

Llano-Diez et al. Critical Care 2012
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Hickmann CE. CCM 2019

Impact of Very Early Physical Therapy During
Septic Shock on Skeletal Muscle: A Randomized
Controlled Trial

Sans augmentation de I'inflammation déja existante

T
n= 19 patients avec choc septique
;l)lzlg:)lon'<7?|h du d7'f”/97n.°5“que 5 4 Group allocation:
min vélo sur /j//| - —
| 2 ezzzs  Control group
“ e e "E 3. = Intervention group
£ Activities:
€ 2 mm=  Active cycling
:-E' wem  Passive cycling
= “d.;', 14 === Active limbs mobilization
I wew  Passive limbs mobilization
In-chair sitting

CCM_46_9_2018_06_12_HICKMANN_CCMED-D-18-0( Figure 1. Amount of mobility activities performed per patient during the first week.



Very ealy exercice cycling

réanimation 2025

PARIS 11-13 JUIN

Impact of Very Early Physical Therapy During
Septic Shock on Skeletal Muscle: A Randomized
Controlled Trial

Control group Control group Intervention group Intervention group
Day1 Day1 Day7

Figure 3. Muscle fiber cross-sectional area changes by group. Skeletal muscle sections stained with adenosine triphosphatase pH 4.50; black fibers
correspond to type-| fibers; gray fibers are type-llb fibers and; pink fibers correspond to type-lla.

TABLE 2. Changes in Cross-Sectional Area by Groups

Control Group (n = 9), Mean % sp Intervention Group (n = 8), Mean % sp
Fiber Type Day 1 Day 7 Day 1 Day 7
All fibers types (um?) 3,603+ 1,284 2,629+1,1742 3,448+1,993 3770+1,473 0.01
Type | fibers (um?) 4,236+ 1,379 3,1356+1,103¢ 4,250+1,977 4,678+1,189 0.02
Type-lla fibers (um?) 3949+ 1,447 2744 +1,260° 2,574+ 856 2,920+ 745 0.003
Type-llb fibers (um?) 262411243 2,006+ 1,286¢ 2,082+1,083 2,576+948 0.04

*Different than day 1 (p < 0.05).
bp of the difference between groups changes, no differences were detected between groups at day 1 in any fibers type.

Plus d’activités ont été réalisés, le
maintient de la masse musculaire était
plus important.

r=0.64
p=0.006

Daily activity amount (number)

-1.0 0.5 0.0 0.5 1.0

Muscle Fiber-CSA (relative change)

Hickmann CE,
Crit Care Med
2019




Critical lliness Myopathy and GLUT4 n=4, ARDS and sepsis

Significance of Insulin and Muscle Contraction
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Acute effect of passive cycle-ergometry and functional gﬁggmghon 2025
electrical stimulation on nitrosative stress and

inflammatory cytokines in mechanically ventilated
critically ill patients: a randomized controlled trial

4 groups:
Control

PCE = Passive cycle-ergometry

FES = Functional electrical stimulation
FES + PCE

|

Table S1. Nitric oxide (NO) production in stimulated (C+) and non-stimulated (C-) monocytes
assessed before and after applying the study protocol to the four groups.

| TNF-a only
Nitric oxide Groups after PCE
Control (n=10) FES (n=9) FES + PCE (n=7) PCE (n=9)
Before After Before After Before After Before After
NO (C+) (uM) 10.78+1068 1151+124 8.19+64 6.96+54 12.95 + 6.1 1360+ 7.1 20.82+16.2 17.72+16.7
P=0.3123 P=0.0188* P=0.2644 P=0.0002*
NO (C-) (uM) 10.30£9.9 11.84 +13.2 8.64 £+6.7 7.49+56 1412+ 8.5 15.25+9.2 29.90+23.7 1872+196
P=0.2852 P=0.0258"* P=0.6743 P=0.0007*

E.E.T. Franca, Braz J Med Biol Res (2020)
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mstm@ JOURNAL OF
rican. J Appl Physiol 131: 266276, 2021,
mng'm APPLIED PHYSIOLOGY. First published May 13, 2021; doi10. 152 /jopplohysiol 01029.2020
RESEARCH ARTICLE

Neuromuscular electrical stimulation resistance training enhances oxygen
uptake and ventilatory efficiency independent of mitochondrial complexes after
spinal cord injury: a randomized clinical trial

Ashraf 5. Gorgey,"? Raymond E. Lai,"? Refka E. Khalil," Jeannie Rivers,* Christopher Cardozo,*5%

©'Qun Chen,”™® and Edward J. Lesnefsky”®
1Spinal Cord Injury and Disorders Hunter Holmes McGuire VA Medical Center, Richmond, Virginia: *Department of

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

2021
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Figure 1. Distribution of muscle cross-sectional area (means + SD) during
baseline (BL) and postintervention (postint.) for both the PMT and NMES-
RT groups for thigh muscle CSA (4) and knee extensor muscle CSA (B) in
persons with SCI. CSA, cross-sectional area; NMES-RT, neuromuscular
electrical stimulation-resistance training; PMT, passive movement training;
5Cl, spinal cord injury.
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Clinical parameters

S2 Fig. Physiological parameters while on mechanical ventilation (with indirect calorimetry) for before, during and after physiotherapy.

MAP
80 100
*
70 F T T 0
80
60

70

50 g
2 e

9 £
< a0 5 50

Q.
= £ 40

30 E
30

20
20
10 10
0 0
before PT during PT after PT
Control group
Experimental group
*p<0.013

ML/MIN

100

50

before PT during PT after PT

Control group

Experimental group

100
* * 90

T T 80
70

60

40
30
20

10

before PT during PT after PT

Control group

Experimental group

200

Sp0,

150

Total number

100

50

0

before PT during PT after PT

Control group

réanimation 2025
PARIS 11-13 JUIN

245
232
186
157
138
131
116
33
15
8
= B |

Resistance Endurance Movement Mobilisation Respiratory Functional
training training *  exercise therapy  dysphagia
therapy *

21 19

Other

Therapy interventions

H Control group Experimental group

Figure 3.2. Overview of each physiotherapy intervention for the control and experimental groups.
More than one therapy intervention per session (=single physiotherapy treatment) possible, total

sessions: 407 (85% of study days) experimental and 377 (68%) control group. * p<0.003

Experimental group

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 §,
PLOS one 2018




measurement value on its own scale

Clinical parameters
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19
- I

Resistance Endurance Movement Mobilisation Respiratory Functional Other
training training *  exercise therapy  dysphagia
therapy *

Therapy interventions

H Control group Experimental group

Figure 3.2. Overview of each physiotherapy intervention for the control and experimental groups.
More than one therapy intervention per session (=single physiotherapy treatment) possible, total
sessions: 407 (85% of study days) experimental and 377 (68%) control group. * p<0.003



Et sur oxygénation? réanimation 2025

Oxygenatlon in Critically 111 Sub]ectq

n=17 MV patients

10 C Lung aeration Tidal impedance n= 6, active chair-cycling
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MV parameters adaptation ' B (animation 2025
)

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.

Table 1 Patient characteristics

Patient Sex Age (years) Diagnosis ICU (days) MV (days) APACHE Il PS PEEP FiO, (%) Group
1 M 69 Sepsis-MOF 14 14 29 4 6 24 NAVA
2 M 53 Cardiac arrest 54 54 42 7 5 30 NAVA
3 F 53 CO intoxication 6 6 16 13 5 35 NAVA
4 M 66 Pneumonia 14 14 20 5 5 30 NAVA
5 M 54 Esophageal cancer 7 2 25 1 6 27 PAV+
6 M 72 Polytrauma 19 19 13 9 8 28 PAV+
7 M 61 ARF 32 32 22 16 7 21 PAV+
t 3 8 F 55 AECOPD 16 16 28 8 5 34 PAV+
Q . - o i.‘ o ) J 9 F 55 Sepsis—cirrhosis 12 12 13 9 5 30 PAV+
10 M 48 Pneumonia 14 14 18 7 6 35 PAV+
Fig. 1 Example of a patient ventilated with Neurally Adjusted Ventila- Median 55 14 14 21
tor Assist (NAVA) while performing exercise with the cycle ergometer QR 53-65 1257183 125-183  165-273
(MOTOmed Letto 2, RECK-Technik GmbH and Co. Betzenweiler, Csemse 0 e cae MY syt ration af eeharca vantlation (i cay) ot At sty da, APACHE #mplie acute physiotcgy seare 1 P ventiatr
. : P 5 assistance during baseline ventilation, PEEP positive end expiratory pressure, PAV+ Proportional Assist Ventilation with load-adjustable gain factors, NAVA neurally
Germany). Oxygen consumption is measured through indirect adjusted ventilator assist, IR interquartile range
calorimetry
e -/

Akoumianaki et al. Ann. Intensive Care (2017)
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Energy expenditure in the critically ill
performing early physical therapy

Hickmann CE.
ICM 2014

Ex start
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Pat-3W (n =7) 400~
Pat-OW (n =15) - 13 IVIV. patlen’Fs | | g 3s0- o ow
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> 2507 < Ctrl-3wW
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Comparison of exercise intensity during
four early rehabilitation techniques in 15,
sedated and ventilated patients in ICU: a

1.0+

randomised cross-over trial P el Ergometty
c & Quad-ES
:EI 0.5 -%- FES Cycling
0.0
-0.5-

Fig. 2 Cardiac output over time for each exercise. Black cirdes represent
passive range of leq moverment (PROM); black squares represent passive
cycle-ergometry; blue triangles represent quadriceps electrical stimulation;
red triangles represent functional electrical stimulation cycling (FES-Cycling).
*Significantly different between PROM and FES-Cyding; "significantty
different between passive cycle-ergormnetery and FES-Cycling; *significantly
different between quadriceps electrical stimulation and FES-Cycling
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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
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Fig. 4 Energy metabolism measurements for longitudinal observation.

Wollersheim et al. Critical Care (2017)
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Manque de description
des activités by CERT

R.S. de Queiroz et al. /

Heart & Lung (2018)
1. type of exercise equipment 61.1%
2. qualifications 38.9%
3. performed individually or in a group 88.9%
4. supervised or unsupervised 50.0%
5. adherence to exercise 44.4%

0.0%

T——————50.0%
I ——— KA 7%

6. motivation strategies
7a. decision rule(s) for determining exercise...
7b. how the exercise program was progressed

8. each exercise to enable replication 83.3%
10. non-exercise components 50.0%
11. type and number of adverse events =——————— 33.3%
12. setting in which the exercises are performed 88.9%

13. detailed description of the exercise

14a. generic (one size fits all) or tailored

14b. detailed description of how exercises

15. decision rule for determining the starting level
16a. adherence or fidelity

16.b delivered x planned

Evaluation of the description of active mobilisation protocols for mechanically
ventilated patients in the intensive care unit: A systematic review of randomized
controlled trials.

de Queiroz RS, et al. Heart Lung. 2018. PMID: 29609834 Review.



Table 2. Results of bed cycling.*

ICU patients (n = 9) Healthy persons (n = 6)

Duration of the test (min:s) 5:3 (4:6-8:2) 12:0 (12:0-12:0)
Maximal workload (W) 3(2.5-5) 34.5(32.5-54.5)
RPM 33.5(26-38.3) 60 (53.3-73.8)
Maximum steps 4 (4-5) 20 (20-20)

Borg score 13 (12-15) 13 (9-13)
Reason to stgp (n)
BED CYCLING EXERCISE o o :
Other 1 6 (end of program)

EMG left delta

ICU, intensive care unit; RPM, revolutions per minute.
20 *Data presented as median (interquartile range), unless noted otherwise.
ICU patients
L]
5 min
15 & ~ 3 W
’ ‘ ‘ 33 rpm
Borg ~13
% Group
= 10- - | B3 icu
W 4 E Control
| |
. : e | | Control
8 g .
" § 9 [6 | N s 5 6 12 min
: 6| —
el | P “ | ~35W
9 ) |
8 | | | : T 60 rpm
8 | T
T I Borg ~13
0 -
passive level 0 level 1 level2/d  level 316 level4/8  level 5110  level 6112  level 74  level 8116  level 9/18  level 10720 Sommers J. Muscle

(patients and (patients)

controls) 2 controls) & NGI’VG 20 1 8
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TABLE 5. Classification of exercise intensity: relative and absolute exercise intensity for cardiorespiratory endurance and resistance exercise.

Cardiorespiratory Endurance Exercise Resistance Exercise
Intensity ("/o\'l[lz,,.,,,} Relative to Absolute Absolute Intensity
Relative Intensity Maximal Exercise Capacity in METs Intensity (MET) by Age Relative Infensity
%HRR or _ Perceived Exertion 20 METs 10 METs 5 METs Young Middle-aged

Intensity %V0,R %HR 1y %V0,max  (Rating on 6-20 RPE Scale) %V 0,2y %V0pmax %oV 0zmax METs (20-39 yr) (40-64 yr)  Older (=65 yr) % 1RM
Very light <30 <57 <37 <Very light (RPE < 9) <34 <37 <44 <2 <24 <20 <1.6 <30
Light 30-39 9763 37-45 Very light-fairly light 34-42 37-45 44-51 2.0-29 2447 2.0-39 1.6-3.1 30-49

(RPE 9-11)
Moderate 40-59 64-76 46-63 Fairly light to somewhat 43-61 46-63 52-67 30t059 4.8-71 4.0-5.9 3247 50-69

hard (RPE 12-13)
Vigorous 60-89 77-95 64-90 Somewhat hard to very 62-90 64-90 68-91 6.0-8.7 7.2-10.1 6.0-8.4 48-6.7 70-84

hard (RPE 14-17)
Near-maximal >90 >96 >91 >Very hard (RPE > 18) >01 >91 >92 >8.8 >10.2 >8.5 >6.8 >85

to maximal

Table adapted from the American College of Sports Medicine (14), Howley (173), Swain and Franklin (344), Swain and Leutholtz (346), Swain et al. (347), and the US Department of Health and Human Services (370).
HRnax, maximal HR; %HR ., percent of maximal HR; HRR, HR reserve; V0,may, maximal oxygen uptake; %V0,max percent of maximal oxygen uptake; VO,R, oxygen uptake reserve; RPE, ratings of perceived exertion (48).

Medicine & Science in Sports & Exercise


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
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Hypoxia in skeletal muscle

Normobaric Hypoxic

chamber (FiO2: 12-16%) Skeletal muscle High Altitude

(Hypobaric Hypoxia)

Critical illness +
immobilization

Increase in:

- Protein turnover
(degradation>synthesis)
- Inflammation

Decrease in:

- Physical activity

) Sleep. Deldicque L.
- Appetite 2013 Cell and
Molec Ex Phy




Blood flow restriction (BFR) iraining’g\"

% réanimat e
PARIS 11-13 SN

It was originally developed in Japan in the late 1970s termed as KAATSU training.

Wider tourniquet:
Lower pressure
More effective

¢ Pain

To predsude Ironsducers +— 1l cm CLFF —

—

Occlusive pressure
First : 200 mmHg
Currently: 50 mmHg

40-80% of the
: Arterial occlusion
pressure (AOP).

To pressure lronsducers

Crenshaw AG.
1988 Acta orthop
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Metabolic Stress +Mechanical Tension
» Hypoxia

+ Cellular Swelling
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BFR Training
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Factors Influencing the\
Response to BFR Training

and IHRT
Individual factors:
. Age
+ Sex

= Training history

Training factors:
* Intensity
* Volume
* Inter-set rest
* Frequency and program duration
+ Exercise to failure or to a pre-
determined amount of repetitions
* Hypoxic dose
o BFR: Cuff type, dimensions

IHRT: F,0, and exposure
duration

and pressure, and duration of
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Passive BFR

Surgical reconstruction of the anterior

30 - t .
| B e cruciate ligament (ACL)
< 25 - ) oo Day 3to 14
S 180 — 260 mmHg
o
O
=
® 1st 2nd 31d 4 th 5th
1]
2 occlusion occlusion occlusion occlusion occlusion
a pressurc pressure pressure pressurc pressure
S min S min S min S min S min
rest rest rest rest
3 min 3 min 3 min 3 min

Experimental group

Control group

Figure 2—Relative decreases in muscular cross-sectional area during
the period between 3rd and 14th days after the operation. Symbols just
above the columns denote statistically significant changes from CSAs
measured on the 3rd day after the operation (* P < 0.05 Wilcoxon
signed-ranks test), whereas 1 denotes significant difference between
control and experimental groups (F < 0.05, Mann-Whitney U-test).

Takarada J. 2000

Medicine and Science

in Sports and Exercise




Cardiopulmonary exercise testing (CPET) réanimation 2025

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

(a) 0, uptake and CO, production (b) Heart rate and O,-pulse
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Cardiopulmonary exercise testing (CPET) réanimation 2025
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Endurance testing for ICU patients réanimation 2025

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.

(a) (b)

Figure 2. (a) Bluetooth surface electromyography device (MOT10; PhysioLab Co., Busan, Republic of
Korea); (b) user interface of surface electromyography software (MoTive-Rs v1.0).

Figure 1. Modified FI2 endurance task using surface electromyography in the ICU patient.
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Physiological Acquired CPET Metabolic CPET
Age mitochondrial Muscle- conditioning Participation
Frailty dysfunction Ultrasound Targeted Coaching
Comorbidity ICU Quality of life rehabilitation Health Status
Aerobic deconditioning questionnaire/ || Nutrition
conditioning polymyopathy/ Health status
polyneuropathy
Measure
.Metabolic changes and
adapt

intervention as .
n venton
.Assess patient part o.f' '
rehabilitation

.Development
of multiorgan
dysfunction
& PICS

.Baseline
Health
—)(
ICU admission ICU Discharge Rehabilitation Improving function

FIGURE 4. The continuum of loss of function, metabolic assessment and rehabilitation: suggested time-points for incorporation
of cardiopulmonary exercise testing into a rehabilitation program.

Whittle J.
Curr Opin Crit Care 2021
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from 26 to 27 September 2026 in Paris
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