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Days Spent at Home and Mortality After

Critical Illness
A Cluster Analysis Using Nationwide Data

Guillaume L. Martin, MD, Alice Atramont, MD,; Marjorie Mazars, MSc; Ayden Tajahmady, MD; Emin Agamaliyev, PhD;
Mervyn Singer, MD,; Marc Leone, MD, and Matthieu Legrand, MD

Length of ICU stay in days, 5 (3-10)
median (IQR)

2-3 d (Quartile 1) 27,387 35.5

4-5 d (Quartile 2) 15,065 19.5

6-10 d (Quartile 3) 16,401 21.3

> 10 d (Quartile 4) 18,279 23.7
96,177 patients admis en
réanimation en France en

40%

2018.

Faiblesses musculaires

Martin, Chest, 2022
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719 Patients screened

L

228 Eligible

195 Enralled

33 Excluded
21 Declined
9 Missed evaluation
3 Excluded after audit

The NEW ENGLAND
JOURNAL of MEDICINE

L

117 Patients survived

78 Died

L

10% Included

& Declined

L

3-Menth follow-up
83 of 104 survivors
(B0%) evaluated
(18 missed evaluation
and 3 last to follow-up)

5 Died

L

6-Month follow-up
82 of 100 survivors
{82%) evaluated
(& missed evaluation
and 10 lost to fallow-up)

4 Died

12-Manth follow-up
83 of 97 survivors
(86%) evaluated
(3 missed evaluation
and 11 lost to follow-up)

3 Died

ESTARLISHED IN 1812 FEBRUARY 20, 2003 VOL. 348 NO.®

One-Year Outcomes in Survivors
of the Acute Respiratory Distress Syndrome
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Figure 2. Mean (+5E) Change in Weight from Base Line
among Patients with the Acute Respiratory Distress Syn-
drome at the Time of Discharge from the ICU and at 3, 6,
and 12 Months.

Herridge, NEJM, 2003




Table 3. Ability to Exercise and Return to Work and Health-Related Quality
of Life among Patients with the Acute Respiratory Distress Syndrome
during the First 12 Months after Discharge from the ICU.

Outcome 3 Months 6 Months 12 Months
Distance walked in 6 min
Mo. evaluated 20 731 81%
Median — m 281 396 422
Interquartile range — m 55-454 244-500 277-510
Percentage of predicted valuef 49 64 66
Returned to work — 13/83 (16)  26/82 (32)  40/82 (49)
no.ftotal no. (%)Y
Returned to original work — 10413 (77) 2326 (88) 31/40 (78)

no.ftotal no. (%)
5F-36 score®¥

Physical functioning

Median (normal value) 35 (90) 55 (89) 60 (89)

Interquartile range 15-58 30-75 35-35
Physical role

Median (normal value) 0 (85) 0 (84) 25 (84)

Interquartile range 0-0 0-50 0-100
Pain

Median (normal value) 42 (77) 53 (77) 62 (77)

Interquartile range 31-73 37-84 41-100
General health

Median (normal value) 52 (78) 56 (77) 52 (77

Interguartile range 35-67 Ie-74 35-77
Vitality

Median (normal value) 45 (89) 55 (68) 55 (68)

Interquartile range 30-55 28-63 28-63
Social functioning

Median (normal value) 38 (88) 63 (28) 63 (B88)

Interquartile range 19-69 38-88 38-100
Emotional role

Median (normal value) 33 (24) 67 (34) 100 (24)

Interquartile range 0-100 0-100 17-100
Mental health

Median (normal value) 68 (78) 70(78) 72 (78)

Interquartile range 54-80 54-88 52-28

The NEW ENGLAND
JOURNAL of MEDICINE

ESTARLISHED IN 1812 FEBRUARY 20. 2003 VOL. 348 NO.%

One-Year Outcomes in Survivors
of the Acute Respiratory Distress Syndrome

July, 2014 August, 2014
(Pre-iliness) (Post-ICU/Surgery)

Figure 4 Lean Body Mass Loss Over 20 days following surgery and critical illness (20 kg over 20 days = 1 kg lean body mass lost/
day).

Herridge, NEJM, 2003
Wischmeyer, Critical Care 2015




Capacités musculaires a 1 an

TABLE 1. Biomechanical Characteristics of ICU Survivors and Age- and Sex-Matched
Controls

Differences
(95%

ICU survivors Controls Confidence
Characteristic (n=16) (n=15) Interval)

Maximum contraction

Extension MVC (Nm) 179+ 66 230+57 51 (6-95) 0.03
Flexion MVC (Nm) TO+22 93122 14 (—2-30) 0.08
Handgrip strength (Mm) 39+7 BO+T 11 (6—-18) 0.001
Fast contraction
Absolute rate of force development (Nm/sec) 8681372 1739470 871(661-1181) 0.001
Relative rate of force development (%MVC/sec) 5312587 765+190 234 (66-401) Q.008
Time from force onset to 1/3 MVC (msec) 127+42 101+20 26 (2-56) 0.04
Electromechanical delay (msec) 39+6 36+6 4 (—0.2-8) 0.06
EMG onset (msec) 282447 27T +26 4 (—24-31) NS
Reaction time (msec) 320+ 46 312+30 8(—21-36) NS
EMG coactivation (% of maximum EMG) 17 (12-35)* 18 (14-20)" NA NS
Agonist EMG motor drive (% of maximum EMG) 81 (54-98) 91 (69-106)* MNA NS
Endurance contraction
Endurance time (sec) 136+ 84 296+ 111 90 (17-160) 0.02
EMG coactivation (% of maximum EMG) 18 (10-38)= 14 (9-20)* MNA NS
Agonist EMG motor drive (% of maximum EMG) 28 (26-33) 27 (25-33) NA, NS

MVC = maximum voluntary contraction; EMG = electromyography; MA = not applicable; NS = not significant.

Data are expressed as means 50 and 95% confidence interval for differences, except for a non-Gaussian distribution,” where data are presented as medians
linterquartile range).

Poulsen, CCM, 2013



Capacités aérobiques a 5 ans

A VO,peak B VO,AT
P<0.001 P<0.001 P=0.015 P<0.001
[ORIGINAL 4 150 3 100
- - - - m 40
Aerobic exercise capacity in long-term P ’
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Fig. 2 Key outcomes of cardiopulmonary exercise testing in the post-EPaNIC 5-year follow-up cohort and controls, depicted as mean and standard
Va N Ae r'd e’ ICM , 202 1 deviation. AVO,peak in ml/kg/min and as percentage predicted of VO,peak; B VO,AT in ml/kg/min and as percentage predicted of VO,peak. Com:-
parisons were performed with t test. VO,peak: peak oxygen consumption rate; VO,AT: oxygen consumption rate at the anaerobic threshold




Leqg protedn balance (n=11)

Une atteinte précoce et rapide...

Time From Admisslon
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b P 001 for chamge from day 1to day 10.

Puthucheary, JAMA, 2013



...majoree par la déefaillance multi-organique.

|E| Single ws multlorgan fallure

Single vs multiorgan fallure

Singla failure
_'_"LEI__ET_F"' ailure

—_______‘:

Multiorgan failure
(4-6 organs)
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Time From Admission, d
Mo. of patients No. of patients
SIngle organ fallure 15 14 15 15 Single organ fallure 15 14
Multlorgan fallure 47 43 45 47  Multlorgan fallure
2-3 Organs 31
-G Organs 14 12

4 5 [ 7 3 9 10
Time From Admission, d

15 15
12 33
13 14

Puthucheary, JAMA, 2013



Des répercussions musculaires en 7 jours....

 DesJ1:

-Augmentation de |la destruction protéinique
vs. synthese protéinique

* Entrelletl)7:

-Diminution de 10% de la CSA du Droit Fémoral
-Diminution de 20% de la CSA des Fibres Musc
-Diminution de 30% du Ratio Protéine/ADN

A J10:
- Diminution de 18% de la CSA du Droit Fémoral

Puthucheary, JAMA, 2013
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1 7 10 14
Days from ICU admission
% RF th 175 -12.25 155 245
%RFCSA  -2.10 14.7 -20.1 -29.4
% QMLT 1.82 12.74 182 -25.48
% BB Th 1.64 10.7 15.5 216
%BBCSA  -2.23 -15.61 2230 3122

150g de viande/Jour Fazzini, Crit care, 2023
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Nerve mitochondnal Sadiurn channel
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fiber
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Table 3. Clinical Risk Factors and Pathophysiological Features of Critical
lliness Polyneuropathy and Critical lliness Myopathy.

Sarcoplasmic
reticulum

Capillasy ="

Mitochondrion

Sarcolemma

Myofibril

muscle loss

Muscle necrosis.

Variable

Clinical risk factors of both critical

illness polyneuropathy and
critical illness myopathy

Female sex
Sepsis

Catabalic state

Multiorgan system failure

Systemic inflammatory respense
syndrome

Long duration of mechanical
ventilation

Immobility

Hyperglycemia
Glucocorticoids

Meuromuscular blocking agents

Pathophysiclogical processes
Critical illness polyneurcpathy

Motor nerves affected more than
SEMNsory Nerves

Secondary denervation muscle
injury {myopathy)
Proposed mechanisms
Merve ischemia
Merve microvascular injury
Merve mitochondrial injury
Sodium channelopathy
Critical illness myopathy

Primary myopathy — selective
ryosin boss, muscle necrosis
(e.g., ubiguitin—proteasome
protectysis)

Mitochondrial dysfunction
Owidative stress
Sodium channelopathy

Reference

De Jonghe et al.™*
Garnacho-Montero et al.2®

Trojaborg et al.,'* Gamnacho-Montero
etal.®®

De Jonghe et al.**

Jaber et al.,? Levine et al 3+
De |onghe et al.2?

Levine et al.,** Papazian et al,**
lwashyna et al.

Van den Berghe et al.*?
De Jonghe et al.™*

MacFarlane and Rosenthal ®
Leatherman et al.'?

Bolton et al.#

Bolton et al.#

Bolton®®
Bolton,*® Fenzi et al.®*
Van den Berghe et al.22
Rich and Pinter™®

Derde et al ®

Carré et al.®®

Reid and Moylan®®
Rich and Pinter*®

Neuromyopathie de

réanimation

Faiblesses musculaires
acquises en
réanimation

ICU acquired
weakness

Critical illness
WEEL S

Kress, NEJM, 2014



Contexte

Healthy
Nutrltlon Exercise
Verrou
lipidique et
Résistance
Muscle anabolique

protein synthesis




High Mitochondrial Density

ST Exercise Physiology Testing

World Class Athlete
Heart Rate and Lactate vs Workload (Watts) FAT and CHO Oxidation rates vs HR
190.0 7 0.80 0.77 55 585,
6.5
Heart
1425 Rate ¥ ¥an e |
T 0.55
5 i %
g e 35 ‘g % 0.40 M§
§ 45 Lactate 18 2-‘ g =
2 § m“ I.BE
° " - CHO 0x (9/min)
2 25 3 35 4 45 5 55 6 ,’mm(m) ®
Workload 2wikg 3wkg 4wkg Swkg 6wikg

(watts)

Wischmeyer, Crit care, 2015



Chute des réserves de glycogene

Skeletal Muscle Glycogen Content Score Via U/S

Athlete Before Competition=90 Moderately Active at Rest= 65

Moins de 72 heures

Scale:
0-90

Figure 3 Skeletal muscle glycogen content score via ultrasound
\




Chute des réserves de glycogene

Skeletal Muscle Glycogen Content Score Via U/S ‘ ;
Athlete Before Competition= 90  Moderately Active at Rest= 65 Muscle Glycogen Scores Via U/S

Athlete-Rested

Sedentary-Rested

Post-2h 30m Cycling

Figure 3 Skeletal muscle glycogen content score via ultrasound

Post Soccer Match

+ Insulinorésistance

Figure 2 Muscle glycogen scores via ultrasound.
J ATP L .

\ 4

™ AMPK - baisse de la synthése protéique (mMTORC1)

Critical lliness I4 *

*-p<0.001

Wischmeyer, Crit care, 2015



ATP et AMPK
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High Mitochondrial Density
High Fat and Lactate Oxidation

Heart Rate and Lactate vs Workload (Watts) FAT and CHO Oxidation rates vs HR
7 0.80 5850
8.5

&

Fat Oxidation Rate (g/min)

:
g

I.-I.lch't‘l (mM)
CHO Oxidation Rate (g/min)

B
=

-+~ CHO Ox (9/min)
- Fat Oxidation (g/min)

2 25 3 35 4 45 5 55 6 0 0
Workload 2wikg 3wkg 4wkg Swkg 6wikg
(watts)

Wischmeyer, Crit care, 2015



Post-Burn Patient Testing

No Mitochondrial Fxn
No Fat Oxidation

Typel
muscle
cells

CHO Oxidation Rate (g/min)
w o

o

EXERCISE TESTING RESULTS
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FAT and CHO Oxidation rates (g/min)

- 4.9

/w:: CHOox (g/m) FAT ox (g/m)

W CHO I-11 FAT I-11 -

No Fat m’k"‘“ | “""35- Apri il
Oxidation . ' —
25Wkg 455 0|

3W/Kg 4.9 0|

Heart Rate (b/min)
wpes CHO Ox CHOOX (g/m) == Fat Ouidation FAT ox (g/m)

Wischmeyer, Crit care, 2015




Le verrou lipidique

63 patients Biopsies du VL

Prélevements
sanguins au J1 et J7

intubés et
ventilés>48h

Ftapes Résultats Conséquences

Les AG ne rentrent plus

. , ) . At o/ N O :
Baisse d’enzymes de B-oxydation 25 % a—40 % sur 7 jours efficacernent dans la mitochondrie.

Moins de mitochondries = moins

L ) a0 o .
Diminution de PGC-1a et ADNmt 27 % & —1 859 copies de capacité 3 produire de IATP.

Stockage/accumulation de lipides

Augmentation phosphocholine +847 UA ,
non oxydés.

Moins d’énergie pour la synthése

ATP musculaire ¢, —4,8 mmol-kg-1 ,.
protéique.

Puthucheary ZA, et al. Thorax 2018



Stress mitochondrial

Adenission |_ Control |
.
E—

PR

FluxO,} SR ’ =
1 Digestion T .

myofibrille
Chaine respiratoire v

ralentie

2
l partilellement
Fuite d’électro.réduit -~ O,~ Résistance
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Stabilisatio
de HIF-1a
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ATP|
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Jameson, Crit Care, 2023



Résistance anaboligue

. ‘ POPULATION METHOD
.. 15 ICU patients Double-tracer study
10 healthy controls (IV + duodenal)
Biopsies of vastus lateralis
RESULTS
) Pic plasmatigue de phénylalanine exogéne plus lent mais
0 Absorptlon of AAs quantité totale absorbée égale

(3 Whole-body protein balance

Incorporation de phénylalanine dans la myofibrille :
Sains : 0,017 + 0,009 MPE
' Muscle incorporation - §09, ICU : 0,007 + 0,007 MPE

Chapple, Am J Respir Crit Care Med, 2022



Cascade de la faiblesse
musculaire en réanimation

i

&

‘i
L&

Inflammation systémique
(IL-6, TNF, sepsis)

L 2

Lésion endothéliale
- hypoperfusion & oédéme

¥

Ischémie nerveuse +
canaux Na dysfonctionnels
- dénervation

L 2

Muscle inactif hypoxique

L 2

Crise mitochondriale
+ LATP 1Ca TROS

L 2

Destruction des myofibrilles

-> Faiblesse musculaire

~

Inflammation 4

Dysglycémie

Faiblesse
musculaire

Dénervation

Hypoxie

Générée par IA



Intéréet d’'une supp

08—
o T Estimated difference -0.05 (-0.10,-0.01)
S 07+ P=0.03|
7]
.E 0.6
S
=)
£ 05-
©
T
2 0.4 = Standard Protein .
¥ P =S
2 ¢ $ High Protein
" = igh Protein
o 0.3 ¥
w
02 T T T T T 1
0 30 60 90 120 150 180
Days since randomisation
No. of observations
Standard Protein (N=430) 407 396 394
High Protein (N=419) 398 386 393

Résultats similaires pour I’étude EFFORT Protein (Heyland, Lancet, 2023)

The secondary endpoint overall survival over 180 days.

No. at risk

Probability of survival

1.0

0.8

0.6

0.4

0.2

0.0

émentation protéinique?

Standard Protein 465

High Protein

Standard Protein
High Protein
HR 1.14; 95% Cl (0.92, 1.40)
p=0.22
T T T T T 1
0 30 60 90 120 150 180
Days since randomisation
316 280 262 254 251 250
470 286 256 247 24| 235 233

Bels, Lancet, 2024



Interét d’'une activité musculaire precoce?

Time: P<0.001

H
J

Biogénese mitochondriale

N
|

-
H

[
N
|

A

I
HV SC FES

PPARGC1A (Log2 fold change from CON patient) 3>

Jameson, Crit Care, 2023



Intéerét d’une activité musculaire précoce?

A B cs® .
g G_WMOH § s_r“ e § 6_""’”“ Inflammation musculaire
g
g 4- : § 4 S 3 3 :
! 3 : 2 E 4- :
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Jameson, Crit Care, 2023



Besoin accru de stimulus?

- Adequate nutrition -PUFA - Resistance training
support - Beta blockers - Cycling
- Amino acids (propranolol) - Neuromuscular
-HMB - Non-steroidal electrical stimulation
-PUFA anti-inflammatory agents - Graduated mobility

. y, \ J . J

Legend: PUFA: Polyunsaturated fatty acids (eicosapentaenoic acid, n-3, fish oil); HMB: B-
Hydroxy B-methylbutyric acid. Multimodal interventions can include treatments from all
domains. While we have focused on protein and amino acids in the proposed intervention, the
potential use of n-3 fatty acids to attenuate inflammation while also promoting anabolism in
other clinical scenarios could be investigated.

Fig. 1. Multimodal approach to optimize recovery from critical illness.

Heyland, Clin Nutr, 2015



Merci de votre attention
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