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Poor long term outcomes...
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Outcome and measurment

Number of studies

Sensitivity
(95% Cl)

Specificity
(95% Cl)

Area under the curve (95% Cl)

Likelihood ratio (95% Cl)

Positive

Negative

Overall Death

Diaphragm excursion
Diaphragm thickening fraction

Transdiaphragmatic twitch
pressure

Maximal Inspiratory Pressure
MRC Score

ICU Death

Transdiaphragmatic twich
pressure
MRC Score

Hospital Death
Diaphragm excursion
Diaphragm thickening fraction
Maximal Inspiratory Pressure
MRC Score

Weaning failure
Diaphragm excursion
Diaphragm thickening fraction

Maximal Inspiratory Pressure

o H b b

0.59 [0.27 to 0.85]
0.71[0.41 to 0.90]

0.87 [0.76 to 0.93]

0.79 [0.41 to 0.95]
0.70 [0.62 to 0.77]

0.88 [0.76 to 0.94]

0.78 [0.65 to 0.87]

0.56 [0.21 to 0.86]
0.71 [0.41 to 0.90]
0.80 [0.40 to 0.96]
0.75 [0.67 to 0.82]

0.76 [0.61 to 0.87]
0.76 [0.67 to 0.83]
0.76 [0.61 to 0.86]

0.62 [0.54 to 0.70]
0.64 [0.49 to 0.77]

0.36 [0.27 to 0.43]

0.61 [0.44 t0 0.75]
0.57 [0.52 to 0.63]

0.34 [0.23 to 0.48]

0.54 [0.48 to 0.59]

0.62 [0.54 to 0.69]
0.64 [0.49 to 0.77]
0.60 [0.42 to 0.75]
0.57 [0.51 to 0.63]

0.80 [0.73 to 0.85]
0.86 [0.78 t0 0.92]
0.66 [0.54 to 0.77]

0.64 [0.59 to 0.68]
0.71[0.67 to 0.75]

0.74 [0.70 to 0.78]

0.71[0.67 to 0.75]
0.68 [0.63 to 0.72]

0.85 [0.82 to 0.88]

0.66 [0.61 to 0.70]

0.63 [0.58 t0 0.67]
0.71[0.67 to 0.75]
0.71[0.67 to 0.75]

0.71[0.67 to 0.75]

0.84 [0.81 to 0.87]
0.86 [0.83 to0 0.89]
0.77 [0.73 to 0.80]

1.60 [0.9 to 2.6]
2.00 [1.50 to 2.70]

1.36 [1.15 to 1.61]

2.01[1.56 to 2.6]
1.64 [1.47 to 1.84]

1.33 [1.08 to 1.64]

1.68 [1.48 to 1.91]

1.50 [0.80 to 2.80]

2.00 [1.50 to 2.70]

1.33 [1.08 to 1.64]
1.74 [1.52 to 2]

5.50 [3.40 to 9.00]
3.70[2.70 to 5.10]
2.30 [1.6 to0 3.3]

0.65 [0.30 to 1.41]
0.45 [0.21 to 0.97]

0.36 [0.19 to 0.68]

0.34[0.11 to 1.05]
0.52 [0.42 to 0.63]

0.36 [0.16 t0 0.77]

0.41[0.26 to 0.64]

0.71[0.30 to 1.65]
0.45 [0.21 to 0.97]
0.36 [0.16 to 0.77]
0.43 [0.32 t0 0.57]

0.28 [0.20 to 0.38]
0.30[0.17 to 0.52]
0.36 [0.21 to0 0.62]

Medrinal, ERJ, 2020
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Experimental Control
Study Total Mean sD Total Mean sSD Mean Difference MD 95% Cl Weight
Regimen = Endurance
Ozyiirek 2014 15 3500 9.0000 16 2500 9.0000 e 1000  [3.66;16.34]  4.1%
Holliday 1990 20 1200 4.0000 16 6.00 2.0000 » 6.00  [3.99; 8.01] 12.1%
Porta 2005 32 900 12.0000 34 500 9.0000 - 400 [-1.14; 9.14]  55%
Caruso 2005 12 500 9.0000 13 7.00 19.0000 ——af—F -2.00 [-13.52; 9.52]  1.5%
Chang 2011 8 1000 80000 5 1400 10.0000 —— = 400 [-14.37; 6.37)  1.9% Experimental Control
Random effects model 87 B4 ﬂ‘l* 4.75 [1.28; 8.22] 25.2% Study Total Mean SD Total Mean SD Mean difference MD 95% CI Weight
Regimen = Strength Condessa 2013 45 91 40 47 92 33 010 [-1.80; 1.40] 16.4%
Bissett 2016 33 1600 19.0000 36 500 17.0000 ——m—— 1100 [246:1954] 26% Shimizu 2014 8 178 68 5 181 47 -0.30  [-6.56; 5.96] 10.5%
Condessa 2013 45 700 80000 47 -300 6.0000 - 1000 [7.10;12.90]  9.8% Chang 2011 8 64 40 5 69 53 -0.50  [-5.81; 4.81] 11.6%
Pascotini 2014 7 500 13.0000 7 —400 4.0000 : 9.00 [-1.08;19.08]  2.0% Caruso 2005 12 86 36 13 98 80 -1.20  [-6.00; 3.60] 12.5%
Cader 2010 14 1000 2.0000 14 200 1.0000 = 8.00 [6.83 9.17] 14.1% Martin 2011 35 57.3 205 34 B35 340 —6.20 [-21.24; 8.84] 37%
Dixit 2014 15 1500 6.0000 15 7.00 3.0000 i 8.00 [4.61:11.39]  8.7% Mohamed 2014 20 33 16 20 104 25 -7.10  [-8.40;-5.80] 16.6%
Martin 2011 35 1000 11.0000 34 200 11.0000 — 8.00 [2.81:13.19]  55% Yosef-Brauner 205 8 80 50 9 182 20 —7.20 [10.72,-3.68] 14.2%
Mohamed 2014 20 800 20000 20 200 1.0000 = 6.00  [5.02; 6.98) 14.5% Tonella 2017 11145 100 8 218 98 —780  [18.30; 1.70]  7.4%
Ibrahiem 2014 15 500 1.0000 15 1.00 2.0000 -1 4.00  [2.87; 5.13] 14.2% Holiday 1990 20 206 89 16 326 176 —12.00 [-21.46;-2.54]  7.0%
Tonella 2017 11 700 120000 8 1000 11.0000 —=—f—F -3.00 [-13.41; 7.41]  1.8% Random effects model 168 157 <= -4.07 [-7.35; -0.80] 100.0%
Shimizu 2014 8 -500 7.0000 5 200 11.0000 — @ | -7.00 [-17.79; 3.79]  1.7% Heterogeneity: /2 = 86%, 12 = 16.41, p < 0.01 |
Random effects model 203 20 Q 6.62 [4.82; 8.43] T74.8% r T T ]
: 20 -0 0 10 20
Random effects model 290 285 < 6.22 [471; 7.72] 100.0% Favors IMT  Favors control
Heterogeneity: /° = 72%, v =|3_-g:196' p= D__D1 ~ — Figure 3. Impact of inspiratory muscle training (IMT) on the duration of ventilation in mechanically ventilated patients. After exclusion of studies at serious risk
Test for subgroup differences: 0= 0.88, df = 1 (p=0.35) -10 0 10 of bias, the treatment effect was no longer significant (mean difference, 4.6 d; 95% Cl, —1.0 1o 10.1 d; F = 94%). Weight refers to the contribution of each
Favors control  Favors IMT study to the meta-analysis estimate of effect. Cl = confidence interval; MD = mean difference; SD = standard deviation.

Figure 2. Effect of inspiratory muscle training (IMT) on the change in maximal inspiratory pressure from baseline to the completion of the treatment course.
The effect of IMT did not significantly differ with strength training versus endurance training regimens. Weight refers to the contribution of each study to the
meta-analysis estimate of effect. Cl = confidence interval; MD = mean difference; SO = standard deviation.
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Table 1. GRADE summary of findings for the impact of inspiratory muscle training in critically ill patients

Outcome

Change in maximal inspiratory pressure
from baseline after IMT

Change in maximal inspiratory pressure
from baseline after IMT (sensitivity
analysis excluding studies at high risk
of bias)

Maximal inspiratory pressure after IMT

Change in maximal expiratory pressure
from baseline after IMT

Change in maximal expiratory pressure
from baseline after IMT (sensitivity
analysis excluding studies at high risk
of bias)

Duration of ventilation

Impact Effect (95% ClI)

Mean difference in change 6 (5 to 8) cm
H>O higher in IMT group than in control
group

Pooled ratio of means for change in MIP
relative to baseline MIP, 1.21 (1.16 to
1.26)

Mean difference 9 (7 to 12) cm H.O higher
in IMT group than in control group

Mean difference 7 (6 to 8) cm Hz0 higher
in IMT group than in control group

Mean difference in change 9 (5 to 14) cm
H>O higher in IMT group than in control
group

Pooled ratio of means for change in MEP
relative to baseline MEP, 1.39 (1.27 to
1.54)

Mean difference in change 9 (5 to 14) cm
H,O higher in IMT group than in control

group

Pooled duration of ventilation was 4.1 (0.8
to 7.4) d shorter in IMT group than in

(RCTs)

647 (15 RCTs)

175 (3 RCTs)

575 (15 RCTs)

153 (4 RCTs)

106 (2 RCTs)

325 (9 RCTs)

No. of Participants  Quality of the Evidence

(GRADE)

=000 Very low™T#

@@es High

00 Low™t

@0 Moderate®

soea High

000 Very low=T+5

[

Duration of ventilation (sensitivity analysis
excluding studies at high risk of bias)

control group

Pooled duration of ventilation was 4.6
(—1.0 to 10.1) d shorter in IMT group
than in control group

220 {4 RCTs)

&m00 Low™S

Duration of weaning from mechanical
ventilation

Pooled duration of weaning from
mechanical ventilation was 2.3 (0.7 to
3.9) d shorter in IMT group than in
control oo

257 (8 RCTs)

=000 Very low™ TS

Duration of weaning (sensitivity analysis
excluding studies at high risk of bias)

ICU length of stay

Mortality in ICU

Pooled duration of weaning from
mechanical ventilation was 3.2 (0.6 to
5.8) d shorter in IMT group than in
control group

Length of stay in ICUwas 3.1 (—1.0to 7.1)
d shorter in IMT group than in control
group

Pooled relative risk of death in ICU was
0.67 (0.20 to 2.20) in IMT group

209 (5 RCTs)

28 (2 RCTs)

197 (3 RCTs)

@200 Low™

2000 Very low* 5

SO0 Low®s

Compared with control group
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Change in maximal inspiratory pressure  Mean difference 9 (7 to 12) cm H20 higher
from baseline after IMT (sensitivity in IMT group than in control group
analysis excluding studies at high risk
of bias)

175 (3 RCTs)
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How do weak respiratory muscles progress?
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ORIGINAL RESEARCH ARTICLE
M.N. NUNEZ-SEISDEDOS ET AL.

50 patients
61 ans, IMC 28k/m?

Epaisseur de diaphragme: 0,2cm
Fraction épaississement 150%

Pimax: 70cmH20
%Pimax théorique 70%
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Thorax

EPaNIC MRC
cohort (N=600)

Mo MIP:
- Refusal: N=15

- Practical: N=142

MIP & MRC cohort
(N=368)

Lost-to-follow-up: N=2

- Medical contra-indication: N=30

- Artificial airway: N= 45

|

RMW No RMW
FIVE YEAR MORTALITY (N=136) (N=230)
Dead: M=52 Dead: N=53
Lost-to-follow-up: N=5 Lost-to-follow-up: N=14
Refusal: N=18 . Refusal: N=53
Exclusion: M=5 Exclusion: N=107
¥ ¥
RMW No RMW
FIVE YEAR MORBIDITY
(N=56) (N=100)

Van Aerde, Thorax, 2022
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ELMER
Heart & Lung 59 (2023)37-43 PRESS

Original Article J Clin Med Res. 2017;9(11):929-934

Contents lists available at ScienceDirect

Heart & Lung Inspiratory Muscle Training in the Intensive Care Unit: A New
Perspective

journal homepage: www.heartandlung.com

Threshold Loading Resistive Loading

il

Early passive orthostatic training prevents diaphragm atrophy and )
dysfunction in intensive care unit patients on mechanical ventilation: A~ '

retrospective case-control study

Flow

o : ' M W

Comparison of TD and TFdi values in the two groups after 7 days of

early passive orthostatic training (at Day B). ///// by
Pes i Lung resistive pressure
NG [“ = 3?] TG [FE = 44:' L FVE]U.E‘ ///I Applied training pressure
Tdiee (mm) 1.77 £ 029 191 £ 043 1.717  0.090 /)
Tdiei (mm] 213 £ 037 2342057 1.953 0.055
TEdi 020+002 022003 3450 0001
MOTE. Values are means + 5Ds.
Abbreviations: TD, thickness of the diaphragm; Tdi ee, diaphragmatic
thickness at end-expiration; Tdiei, diaphragmatic thickness at end-
inspiration; TFdi, diaphragm thickening fraction; NG, no-training
group; TG, training group. Sl et
* Estimated by independent © rests.
Raccord annelé

Valve threshold
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Diaphragm Neurostimulation Assisted Ventilation in Critically IlI
Patients
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Lung- and Diaphragm-Protective Ventilation Table 3. Potential Therapeutic Targets for Diaphragm Protection

Goal Potential Therapeutic Target*

Prevent overassistance myotrauma  Any 1 of:

Pmus=31t0 5 cm HO

APdi=3to 5 cm H:O

APes= -3 to -2 em H:O

Po1=11t0 1.5 cm HO

TFdi=15%

EAdi =target value selected on the basis of

Pocc-EAdi index and above targets

Prevent underassistance myotrauma Any 1 of:

Breath-stacking dyssynchromy

Insuficient respiratory offort and dr Pmus = 10 to 15 cm H;0
nsumcient respiral L] an nve Il
p;” APdi=10 to 15 em H:0O
Baby lung stress Disusa Excessive .I'lPE‘E = _12 t‘:l _B‘ GI‘I‘I HED
and strsin atiophy V Pocc=—-20to —15 cm H,0
Longitudinal atrophy (sarcomere drapout) Pﬂ._1 <35to5em HQD
3 :):t:;::‘[ma .-'.‘:;xpimtnry TFdi = ﬂﬂ% tﬂ 4[}%
- it EAdi = limit value selected on the basis of
Lng i o et < Pocc-EAdi index and above targets
PRSP e dnarragm iy drssyrh Prevent eccentric myotrauma Avoid ineffective triggering and reverse triggering
: ' Prematurt cycing Avoid premature cycling
“P-SILI ; - - Premature cycling . : i
gl 1 A ... Ly Underasssiance etecte store Minimize expiratory braking
heterogenaity myo rauma’
Baby lung stress Nelaclah:c lung Load-inducad
and strain stress and strain diaphragm injury
wcessive raspi . ort and drive - Legand M M M
| Ebe ey st amis ot et st Goligher, Am J Respir Crit Care Med, 2020

tedalily of avaliable experimental and cinical avidence
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Implementation

Monitoring

» Airway occlusion
pressure (Py,)

e Single-breath expiratory
occlusion (P,.)

e End-inspiratory occlusion
(P_in PSV and PPS)

® P.u= Poc/Eadi *Eadi/1.5

Ventilator
Settings

e ? PAV and NAVA

» Adequate pressures,
volume, and flow.

e Appropriate PEEP

Sedation

» Address sources of
respiratory drive (e.g.,
peak flow and pressure
settings, PEEP, metabolic
acidosis, pain, etc)

» Opioids for high drive
witk high RR

e Propofol for high drive
with high efforts

Adjuncts

» Extracorporeal
CO, removal (reduce
drive and efforts)

e Partial neuromuscular
blockade.

* Phrenic nerve
stimulation




Take Home Message

Rehabilitation of respiratory muscles in intensive care presents numerous limitations (workload,
cooperation capacity, risks) for uncertain benefits.

Respiratory muscles may have a spontaneously favorable long-term evolution.

Strategies for diaphragm prevention are recent, difficult to implement, and require further
research.



Thank you for your attention
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