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40-50% of human body weight is muscle

>\ in muscle strength 1-6% per day of
strict bed rest

soEarly development of atrophy

soChange in type or density of muscle
fibers



ICU acquired weakness

Incidence

25- 60% of mechanically ventilated
patients (5-7days) with sepsis, MOF,
coma

Denehy L et al Int Care Med 2017



Eifect of passive loading

s 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
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[46. De Jonghe B, Lacherade |C, Sharshar T, Outin H. Intensive care unit-acquired weak-
ness: risk factors and prevention. Crit Care Med 37: S309-S315, 2009.

495. Morris PE, Goad A, Thompson C, Taylor K, Harry B, Passmore L, Ross A, Anderson 623. Schweickert WD, Pohlman MC, Pohiman AS, Nigos C, Pawlik A, Esbrook CL, Spears
L, Baker S, Sanchez M, Penley L, Howard A, Dixon L, Leach S, Small R, Hite RD, L, Miller M, Franczyk M, Deprizio D, Schmidt GA, Bowman A, Barr R, McCallister KE,
Haponik E. Early intensive care unz mobility therapy in the treatment of acute respi- Hall |B, Kress JP. Early physical and occupational therapy in mechanically ventilated,

ratory failure. Crit Care Med 36: 2238-2243, 2008. critically ifl patients: a randomised controlled trial. Lancet 373: 18741882, 2009.



Electrical muscle stimulation

Table 1
Wet weight and relative mass of the tibialis antersor musde.
Cont Den Den+ES HU HUSES
Body weight (g) 270 4 15 256 & 4 2412 1) 215 247 208 £ 6/
Muscle wet weight {mg) 480 = 35 T2+ 360 £ 25" 372 + 48" 181 £ 22"
Relative muscle mass (mg/g) 1.77 4 009 1.06 4 0.1 152008 1732014 179 £ 01

Values are expressed as the mean & SEM. Cont, control group: Den, denervation group; Den+ ES, denervation plus electrical stimulation group: HU, hindlimb unloading
group; HU + ES, hindlimb unloading plus electrical stimulation group.
" significantly different from the Cont group at P<0.01.
! Significantly different from the Den group at P<0.01.

Overexpression of Calpain-1,-2 and
ubiquitinated protein in denervated is
inhibited by EMS, no ain unloaded and
unloaded + EMS

mmmm) preventive effect of EMS A denervated
or unloaded

Matsumoto A et al Acta Histochemica 2014



Electrical muscle stimulation

Responder non-Responder p-value

patients/stimulations (n) Bf702 1371122
Sex (mf] T/B7.5% ) 1/12 5% 9,/69_2%/4,/30.8% 0.340
Age (years) 56.0 [36.5/71.0] 53.0 [47.0/70.0] 0.545
Weight (kg) B0.0 [70.0/92 5] 92.0 [75.0/109.0] 0.301
Height (m) 1RB0[1.77/1.83) 1.76 [1.70/1.80] 0.500
BMI (kg/m?) 265 [22.6/29.0] 27 8[25.5/33.6] 0.210
Diagnosis responsible | ARDS 2/25% By/46.2% 0118
fior ICU admission o 0,/0% 3/23.1%

multiple trauma 4,/50% 3/23.1%

neurologic 2/25% 0/0%

MisLENaneais T 7
SOFA at ICU admission 12.0[2.5/13.5] 14 [12.0/16.0] 0.030
APACHE Il at ICU admissicn 24.0[17.0/27.0] 25.0[23.0/29.0] 0.414

igzi 430133 0/61 5] fl 0 [57 /66 0] {084

GCS at ICU admission 5.5 [3.0/7.5] 3.0 [3.0/6.0] 0.455
Time until first awakening (days) 12.0[7.5/15.5] 205 [10.0/42.0] 0.287
ICU length of stay (days) 28.0[19.0/36.0] 39.0 [25.0/49.0] 0.185
Percent of days with RASS > -3 during ICU 50.2 [26.9,/94.6] 71.4 [50.0/79.2] 0.750
stay
Moradrenalin {pg/kg*min) 0.0& [0.03/0.10] 0.07 [0.06/0.11] 0.414
Time requiring noradrenalin [days) 12.0[3.5/15.5] 12.0[11.0/25.0] 0.585
Survivors/non-Survivors T/B7.5% /112 5% 11/84 6% / 2/15.4% 0.854
Mon-excitable muscle membrane/excitable 2/33.3% 7 4/66.7% 5,/62.5% J/ 3/37.5% 0.280
muscle membrane
Start of NMES treatment after ICU admission | 3.0 (2.0/6.0) 4.0 [2.0/6.0) 0.750

(days)

Grunow J et al submitted Crit Care 2019




Review

Intervention effect of neuromuscular electrical stimulation on ICU

acquired weakness: A meta-analysis

Miao Liu * ", Jian Luo ™, Jun Zhou ?, Xiaomin Zhu *
* School of Nursing Yangtze Univessity, Hubei Ching

= Afliated Union Haspital of Tongii Medical College, Muashong University of Science and Tachnology, Hubei Orina

415 studies => 11 included

Intemational journal of Nursing Sdences 7 (241X)) 228-237

M. Liv et ol / Internasional fournal of Nursing Scences 7 (2020) 228-237
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415 studies => 11 included

Exparimontal Control Maan Difference Mcan Difference
0 5D o gan '3 . Agigh Randam, 958% Cl IV, Bandaom_ $5% CI

4.1.1 Longth of ICU stay

Acqua 2017 0 4 11 18 9 14  42% 6001127073 ——
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Leite 2018 97 492 24 128 783 26  $1%  -3.10{670,050) -l i
Subtotal (5% CI) 87 96  BS.1%  -3.41(-4.58,-2.24) L
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4.1.2 Total length of stay

Hong Chen 2018 2964 668 36 2602 BO2Z 38 105%  -3.38[-674,-0.02) -
Kno 2015 3% 22 16 35 20 18 06% 1.00[-13.20, 15.20) r
Leits 2018 182 1128 24 254 1204 26 28% -7.20[-13.65,-0.74] ——
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Test for overall effect: Z » 2.67 (P = 0.008)

Total (35% CI) 163 178 100.0%  -3.49[4.58, -2.41) L 4
Heterogeneity: Tau? = 0.00; Ch = 3.49, df « € (P = 0.75) P = 0% z:o ? 1’0 > ‘50 250

Test for overall effect. Z = 6,30 (P < 0.00001)

E
Test for subgroup dfferences: Chit = 0.12, df = 1 (P = 0.73), P = 0% R Inparieot] - Esrs ooy

Fig. 5. Effects of NMES an ICU Jength of stay and tots] length of stry.

No effect on mortality






s |S passive physical activity able to decrease the loss in
muscle proteins (nitrogen balance and 3-MH/creatinine
ratio)?

s> to Influence muscle mass (anthropometric)?
s» to Influence muscle function (electrophysiology)?

De Prato C et al Reanimation 2009;18



Effects of exercise on muscle protein
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Early exercise In critically ill patients

enhances short-term functional recovery

90 patients GR control standard PT
GR intervention standard PT + 20 min ergocycle
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Figure 3. A, Boxplof of 6MWD at hospita discharge. 6WD, 6-min walking distance. *%p < .05 Rl Bt s f s Ao

compared with control group. B, Boxplof of SF-36 PF score al hospilal discharge, SF-36 FF, "Physical care unit (JCU)) discharge and at hospital dis-
Function” item of Short Form 36 Health Survey Questionnaire. #p < .01 compared with control charge. Data are presented as mean and standard
group. deviation. QF, quadriceps force; haspifal, day of

hospital discharge. *p < .01 belween ICU and
hospital discharge; {p < .05 compared with con-
trol group.

Burtin C et al CCM 2009
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s 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.

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

s> 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



Functional electrical stimulation-assisted cycle
ergometry-based progressive mobility programme for
mechanically ventilated patients: randomised
controlled trial with 6 months follow-up

Petr Waidaul ' Natilia HruSkowd,” Barbora Blahutowa @ ' Jan Gojda,* Tomas Urban,'
Adéla Kraikowa,' Michal Fric,’ Katefina Jiroatkovd, ' Kamila Rasowd.”

FrantiSek Duska @ '

150 patients

Thorax May 2021
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Figure 2  Protocol implementation indices. (A) Average duration of rehabilitation in intervention (blue line) and control (red line) groups in all days
of all patients (ie, including days without rehabilitation). Thin lines are individual patients (one outlier received up to 180 min of rehabilitation a day
due to protocol violation). (B) Sedation level heatmap. (C) Average types of exercise delivered daily. FESCE, functional electrical stimulation-assisted
cycle ergometry; RASS, Richmond Agitation-Sedation Scale, where 0 (alert and calm) or —1 (drowsy) were target levels of sedation management.



Functional electrical stimulation-assisted cycle
ergometry-based progressive mobility programme for
mechanically ventilated patients: randomised
controlled trial with 6 months follow-up
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‘igure 3 (A) Physical component summary of SF-36 score (primary outcome); (B) Kaplan-Meier curve of survival in the study; (C) Kaplan-Meier
urve of patients in the ICU (censored for non-survivors); (D) Kaplan-Meier curve of patients at hospital (censored for non-survivors). P values are from
Vilcoxon in (A) and log-rank test in (B), (C) and (D). ICU, intensive care unit; LOS, length of stay; PCS, Physical Component Summary.

Thorax May 2021



Functional electrical stimulation-assisted cycle
ergometry-based progressive mobility programme for
mechanically ventilated patients: randomised

controlled trial with 6 months follow-up

Petr Waidaul ' Natalia HruSkova,’ Barbara Biahutova @ ' Jan Gojda,* Toméas Urban,'
Adéla Krafova,' Michal Fric,’ Katefina Jiroatkovd, Kamila Rasowd,”

FrantiSek Duska @ '

Table 2 Secondary outcomes

Secondary outcomes Intervention Standard of care P value

PFiT-s at ICU discharge 94 96 0.77*
(8.0 to 10.8) n=37 (8.3 t0 10.9) n=42

Rectus muscle diameter at ICU discharge (mean difference from baseline (cm)) —11 (-17 to —6) % n=57 —13(-19t0 —7) % n=54 0.64

MRC score at ICU discharge 424 394 0.13
{(39.2 t0 45.6) (36.5t0 42.4)

Nitrogen balance (gN/m’/day) -2.7 -34 0.004
(-3.1t0-2.4) (-3.7t0-3.0)
n=852 days of 75 patients n (days)=759 days of 75 patients

Ventilator-free days at D28 93 nao 033
(6.5 to 12.0) n=75 (8.2 to 13.8) n=75

Number of untoward dialysis interruptions/days of rehabilitation during dialysis 0/17 /41 N/A

Numbers of ICP elevations/days with ICP measured 15021029 0 (n=3 patients, 15 ICP days) 0.018"
(n=4 patients, 15 ICP days)

Thorax May 2021



‘ """"'“
J

»
















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 59+05 61+x05 55x£05 5605 52=x05
SpO2 95 + 1 96+ 1 05 +1 95 +1 95 +1
Vit 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 O

Anova Variance analysis for repeated mesurements.
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BN Antonio De Tanti® - Donatella Saviola® - Giovanni Pietro Salvi'

Effect of verticalization with Erigo” in the acute rehabilitation
of severe acquired brain injury

Neurdogical Seences 2019

httpsy /doLorg/10.1007 /51007 2-019-0391 70

Emilio Ancona' - Annamaria Quarenghi' - Marcello Simonini' - Raoul Saggini® - Stefano Mazzoleni* -

-

s« 44 patients CG 45 min neurorehabilitation (with Tilt up table)

%)

Table2 Trend of NTHSS in subsets of patients

TG 45 min ERIGO

Intervention goup (V=22)

Coatrol group (N=22)

T0 I ™ ™ Tl T2
Sex
Males 1293 + 432 1193 + 395 1064 + 310* 1433 + 998 1380 + 956 1193 + 991+
Feoules 1438 + 342 1350 + 411 1238 + 403 1100 + 976 1086 + 984 1043 = 1011
Etiology
Ischemic stroke 1409 + S.11 13090 + S22¢ 1200 + 431** 1069 + 898 1054 + 897 962 + 908*
Hemoslegicstroke 1367 + 186 1317 + 194* 1183 + 133 2050 + 1110 1933 + 1080 1767 + 104l
Traumatic brain injury 1180 + 3.01 1040 + LR 900 + 255 1000 + 173 1000 + 173 700 + 346

Values are expressed as mean + standand deviation

P <005.** P <0001



Effect of verticalization with Erigo” in the acute rehabilitation
of severe acquired brain injury

Emilio Ancona ' - Annamaria Quarenghi’ - Marcello Simonini' - Raoul Saggini® - Stefano Mazzoleni® -
BN Antonio De Tanti® - Donatella Saviola® - Giovanni Pietro Salvi' - 1

Neurdogical Seences 2019
https/ /doLorg/10.1007 /51007 2-019-0391 7-0

s« 44 patients CG 45 min neurorehabilitation (with Tilt up table)

50 TG 45 min ERIGO
Hewrol 54
Table 3  Trend of Tinett scale in subsets of patients
Iniervention goup (N =22) Control group (W= 22)
™ Tl T2 TO Tl T2
Sex
Males 28 + 402 58 + Jde* Ted £ 46 380 + 369 580 £ 443 THD + 519+
Females 2% + 34 663 + 518 1) + &30 443 £ 500 543 + 465 T £ 512%
Etigkezy
Tschemic stroke 345 £ 39 627 + 44l BI8 £ 453+ 423 + 400 592 + 427 B15 £+ 465
Hemoar hagic stroke Le7T + 361 617 £ 426 1) + 593+ 317 £ 397 4107 + 482 517 £ 508
Trawmatic brain injury 240 + 378 580 + 390 T40 + 462 467 £ 569 THT + 513 1133 + 5690

“alues ane expressed a5 mean + samndand deviation
*Po< 005 P <0001)



Effect of verticalization with Erigo” in the acute rehabilitation
of severe acquired brain injury

Emilio Ancona' - Annamaria Quarenghi' - Marcello Simonini' - Raoul Saggini® - Stefano Mazzoleni* -

I Antonio De Tanti* - Donatella Saviola® - Giovanni Pietro Salvi' - 1
Neurdogical Seences 2019
https/ /dolorg/10.1007/51007 2-019-03917-0

s« 44 patients CG 45 min neurorehabilitation (with Tilt up table)
5 TG 45 min ERIGO

Table4 Trend of FIM in aubsets of patients

Intervention group (N= 22) Conwpl group (V=22)
TO i T2 T Tl ™7
Sex
Males $300 + 1399 5929 + 16.10F" 6414 £ 2015** 9030 + 2268 $327 = 2372* P33 + 2660~
Ferales $250 + 2152 S728 + 23T 5988 + 25.00* 5843 + 2724 60N + 22 6529 + 2931+
Etiology
Ischemic stroke 5591 + 1534 6236 + 17.11* 6727 + 19095 562 + 2397 SO + 2479* 6531 + 2656°
Hemonhagicstroke 4750 + 1586 5217 + 1863 S500 + 2036 4033 + 2581 408 + 2489 4617 + 2994
Trasnatic brain injury 5240 + 2180 S7T80 + 2387 6140 +2784 $033 + 1644 6700 + 1609 7367 + 1097

Values are expresad as mean +standard deviation
P <00S, P <0001



Comparison between Erigo tilt-table
exercise and conventional physiotherapy
exercises in acute stroke patients: a

randomized trial
L

Table 3 Outcome measure score (Mean = S[) of two groups
over the periods

Outcome measure Cay O Day 30 Day S0
QOL:
Group A 7545+ 659 832049417 8984 + 1174 133 . _28 f
Group B 7771 +869  B758+993° 10047 + 1197°° patl e nts 7 oro nset
il v et o Gr A conventional PT
MMT (UE):
ot pszeoso ziewose zesoz= Gr B Erigo 40 min, 6/week 4 weeks
Group B 117 +086 242+ 083 33140907
P value® asse 1.000 0463 (30° st week, 50° 2-3 weeks, 75°, 4th
MMT (LE):
Group A 125 +104 247+ 1077 336+ 089 wee k)
Group B 142 +098 288+ 083" 390 +054%
P valus® 1.000 0241 0.030
NIHSS:
Group A 1253+ 159  678+211 407 +207%®
Group B 1195+ 145 620+ 200° 296+ 199%
P value® 1.000 1.000 0.035
MMSE:
Group A 1522 + 445 2200+ 359° 2433 + 293"
Group B 15804410 2215+ 345° 2442 +281%
P value® 1.000 1.000 1.000
Ashworth
Group A Q09 +0.29 056+ 054 064 +0627°
Group B 011 £031 033+057° 045 +057"
P value® 1.000 0181 0793

Group A Conventional physiotherapy, Group B Erigo tilt-table, QOL Quality of
life, MMT (UE) Manual muscle testing (upper extremity) or overall upper limb
strength, MMT (LE) Manual muscle testing (lower extremity) or overall lower
limb strength, NIHSS National institute of health stroke scale, MMSE Mini-

mental state examination, Ashworth Ashworth scales
*p <0.001- as compared to day 0 and ®p < 0.001- as compared to day 30
(intragroup comparison), *(intergroup comparison)

Kumar et al. Archives of Physiotherapy
https://doi.org/10.1186/540945-020-0075-2

(2020) 10:3






Whole-body vibration to prevent intensive @
care unit-acquired weakness: safety,
feasibility, and metabolic response

Wollersheim et gl Critienl Care (2017) 219

Tobias Wollersheim ', Kurt Haas'", Stefan Wolf', Knut Mai™, Claudia Spies’, 7 '*!1eestestaielosy
Kaus-D. Wernacke'?, Joachim Spranger’ ™’ and Steffen Weber-Carstens™* @

19 patients mechanical ventilation
PRM before body vibration (15 min)
Vital signs, haemodynamic parameters

Fig. 1 Study protecd and visua peesenstaion of study exscution 8 Visualzation of study protecol. Intervangon staned with 10 mnussof
resting, folowed by 6 minutes of physiotheagy |(pa e @nge of motion of upper and lows exverity] Afler fhysoterapy thes was 2 shon
reting Tinie, followesd by WEV. After WV, & long resting pesiod 1ok plsce Semum blood sampies and Hood gas snalysess weres parformed a1
diffeert Sme pontS, &5 shown, Longitudting! analsis of intervals was paformed ot fve diflesnt time segments. Aralyds was parfosned &t
baseling, a1 physotherapy, Qiring WEV, and at ealy and late st periods. b Famaie patient in a sugine position Vityation device posisoned at
theend of the hevd with the putiant’s fest placed on e middie of the device. An dastic strap s placed arcund the knae Gint 10 generas
pressuse on the viwation device. The aim was 10 fex e knee pint about 207 The physatheragist asisted in e stabilizaton of the lowe
extaerrities f necessay. WEVwhdle-body vitration

Conclusions: in our study the application of whole-bogy vibration was safe and feasible. The technique leads to
Increased energy expenditure. This may offer the chance 1o treat patients in the ICU with whole-body vibration.

Further investigations should focus on the efficacy of whole-body vibration in the prevention of KCU-acquired
weakness.
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Feasibility and observed safety of interactive video
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*use of major muscle
groups

*performance of fine
movements

*'mental effort
*motivation

Kho ME et al J Crit Care 2012



Steps to recovery: body weight-supported
treadmill training for critically ill patients: a
randomized controlled trial

Robin C. H. Kwakman =7, Juultie Sommers', Janneke Horn', Frans Nollet', Raoul H. H. Engelbert'~ and

) | 3¢
Marike van der Schasaf

« 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

Protocol BMJ 2020
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