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Introduction

Objectifs pédagogiques

e Définir IAP, IAH et syndrome compartimental abdominal (SCA).

e Reconnaitre les situations a risque.

e Expliquer Uimpact sur la mécanique ventilatoire, ’hémodynamique et la perfusion d’organes.

e Comprendre les bases du “crosstalk” pancréas/foie/poumon (inflammation stérile, DAMPs, axe
intestin-lympe—-poumon).

e Comprendre les stratégies de prise en charge.

e |dentifier les implications pratiques pour la kinésithérapie (positionnement, mobilisation,
ventilation).



Introduction

1) Syndrome compartimental

e Casclinique interactif (SAP + défaillances). e |nflammation stérile (DAMPs), cytokines,
e Définitions & physiopathologie neutrophiles.
e Mesure de la pression intra-abdominale (IAP) : * Axeintestin-poumon

technique et pieges. e Atteinte hépatique dans la PAG & impact
e Conséquences cardio-respiratoires et pronostique.

“polycompartment syndrome”. * |nteractions foie©poumon (systemes
e Prise en charge : bundle, ventilation, vasculaires, immunitaires).

indications de drainage/chirurgie. ¢ Implications kiné : ventilation, drainage,

mobilisation, précautions.
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Cas clinique

* Patient suivi pour une éventration complexe opérée a plusieurs
reprises

* ATCD de SAS appareillé + BPCO

* Syndrome occlusif grélique évoluant depuis 1 semaine traité
meédicalement sur obstacle situé au sein du sac d'éventration

(probable bride)

* Chirurgie en urgence: résection gréligue avec anastomose en 1
temps. Pas de péritonite constatée. Réfection de paroi avec fermeture
sur plaque.
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Cas clinique
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Cas clinique
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Cas clinique
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Cas clinique

* Post-op immédiat:
* Extubation précoce, patient dyspnéique
* Mise en place d'une VNI intermittente + continue nocturne (ATCD de SAS appareillé + BPCO)
* Réintubation en urgence la nuit suivante dans un tableau de détresse respiratoire aigué
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Définition

Hyperpression intra-abdominale
PIA>12 MmHg

Syndrome compartimental abdominal
PIA>20 mmH
+

Défaillance d’organe récente (SOFA > 3)

World Society of the Abdominal Compartment Syndrome (WSACS)
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PIA normale = 0-5 mmHg chez |'adulte sain

Soderberg, Scand J Urol Nephrol 1970; 4:155-6
Sanchez, Am Surg 2001; 67:243-8
De Keulenaer, Intensive Care Med 2009

Variations normales de la PIA:
« respiration (T PIA a I'inspiration)
* vomissement, défécation...
* exercice physique

HIA « physiologique » : grossesse, obésité morbide

Pneumopéritoine chirurgical = modele HIA transitoire
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Variations physiologiques de la PIA

RS

Glotte fermée

A

Shoulder

movement 19mmHg

15° Flex
15° Ext

29mmHg

J Appl Physiol (1985). 2000 Sep;89(3):967-76
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Mesure de la
PIA

Sterile saline
on infusion set
tubing

30mL
instillation
syringe

Disposable Cable to

} pressure bedside monitor

- transducer

Stopcocks —

\

Pressure Urine drainage \
tubing tubing &
b collection bag

Foley
catheter

Urine
sampling port
(Luer lock)

clampereuren 3 Chest. 2017 Aug 2. pii: S0012-
' 3692(17)31319-3
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Mesure de la PIA

* Patients en décubitus dorsal 0°
* Rincer la tubulure au SSI avant zéro du capteur de pression

* Injection < 25ml de SSI dans la vessie (colonne d’eau) et clamper
apres capteur

e Attendre 30-60s (relaxation du muscle vésical)

* Mesure de la pression en fin d’expiration et absence de contraction
abdominale

NB: ImmHg =1,36cmH20
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Gradation de U'lAH & pression de perfusion abdominale

Gradel:12-15 La pression de perfusion abdominale
Grade ll : 16-20 (APP) est un gradient.

Grade lll : 21-25

Grade IV : >25 * APP basse = risque de défaillance

rénale/splanchnique
* Objectif souvent proposé : APP = 60

> plus la compliance abdominale est basse, mmHg (approche pragmatique)

plus “petits volumes” font monter la
pression.
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Study/Year Population Findings
I Trauma
Ivatury et al®#/1998 70 patients with “severe abdominal trauma” 32% incidence of ACS
Balogh et al®/2003 188 consecutive patients with major torso trauma 14% incidence of ACS
requiring shock resuscitation
Balogh et al*°/2011 81 consecutive shock/trauma patients admitted to 0% incidence of ACS;
an ICU 75% incidence of IAP > 12 mm Hg
I Burn
Ivy et al®>®/2000 10 severely burned patients 20% incidence of ACS requiring

surgical decompression;
70% incidence of peak IAP >

25 mm Hg
Strang et al®’/2014 Systematic review of 50 publications, reporting 4%-17% prevalence of ACS; 65%-
1,616 severely burned patients 75% prevalence of IAP >
12 mm Hg
Ruptured abdominal aortic
aneurysm
Karkos et al®’/2014 Meta-analysis of 1,134 patients in 39 studies 8%-17% incidence of ACS
undergoing endovascular repair of ruptured
abdominal aortic aneurysms
Adkar et al*®/2017 1,241 patients undergoing endovascular repair of 7% incidence of need for
ruptured abdominal aortic aneurysms concomitant laparotomy?
I Pancreatitis
Al-Bahrani®>/2008 18 patients with severe acute pancreatitis I 56% incidence of ACS I
Aitken et al*®/2014 218 patients admitted to a medical ICU with acute 1% incidence of ACS;
pancreatitis 14% incidence of IAP > 12 mm Hg

on admission

I Mixed populations

Malbrain et al*°/2004 1-d snapshot prevalence study of all 97 patients in 8% prevalence of ACS;
13 general and specialized ICUs across 6 countries |§ 59% prevalence of IAP >
12 mm Hg

Chest. 2017 Aug 2. pii: S0012-3692(17)31319-3
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Pourquoi 'lAH impacte la ventilation ?

' T Brneui oo Mécanismes clés

e Ascension du diaphragme > ¥ volumes
pulmonaires (FRC) > atélectasies.

e 2 élastance de la paroi thoracique ~>
plateau/pressions “élevées” # forcément stress
transpulmonaire élevé.

e 7 pression pleurale > ¥ gradient de perfusion et
drainage lymphatique.

e Conséquences : hypoxémie, hausse des besoins
en PEEP, risque de surdistension si mal titré.

Diaphragme (illustration historique)
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IAP (mm Hg)

Compliance
abdominale
altérée

10

Abdominal volume (L)

Malbrain ML et al; Anaesthesiol Intensive Ther. 2014,46(5):406-432
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Relation CRF-volume de fermeture

La CRF : volume

d’équilibre entre I'expansion
thoracique et la rétraction du
parenchyme pulmonaire

TLC i T Airway closure begins
- ? ‘

Volume
Capacité résiduelle De fermeture
Closing capacity

fonctionnelle {

Rv ’ .
y Volume résiduel Y

Si CRF<volume de fermeture => un maximum d’alvéoles seront fermées

Apparition d’atélectasies
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Relation CRF-volume de fermeture

Augmentation du
Volume de

Fermeture
AN ] ' S | A 1
Diminution de VAN A
CRF —:il\'—l‘l"— LaCRF -—“‘“‘-_h*
A 1 1 ]
‘‘‘‘‘ AN - Age
Volume de AV A - Tabagisme
Fermeture

« Décubitus dorsal

« Obésite

- Anesthésie geneérale
« Coelio chirurgie +++

Nunn JF. Br J Anaesth 1990,65:54-62
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Relation CRF-volume de fermeture

Functional residual capacity (FRC) mL

-—
N
o
o

1000

800

600

400

200

PEEP10

35

25
Intra-abdominal pressure (IAP) cmH,0

0 5 10 15 20 30 40

PEEP minimise la réduction de CRF

Crit Care Med 2013; 41:1870-1877)
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. . Healthy Injured
Cas clinique

0 cmH,0
IAP

20 cmH, 0
IAP

Am J Respir Crit Care Med. 2004 Feb 15;169(4):534-41
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Conséquences

2 PIC

Poumons:
N CRF
? Pressions VA

Compression VCI:
N Retour veineux

Reins:

* Congestion
veineuse rénale

* N PPR

A RV spanchnique
* |schémie mésentérique
* Translocation

Increased jugular venous pressure impairs venous return from the brain,
increasing intracranial pressure.

Decreased functional residual capacity and increased
ventilation / perfusion mismatch impairs oxygenation.
Increased ventilator pressures are seen during mechanical
ventilation.

Right ventricular afterload is increased.
Cardiac output may fall as venous return is impaired.

Vena cava compression decreases preload.
Increased femoral venous pressures and peripheral
vascular resistance may reduce arterial flow

to the lower extremities by as much as 65%.

Renal venous congestion, direct compression

of renal parenchyma, decreased renal perfusion,
and activation of the renin-angiotension system
lead to oliguria and kidney injury.

Increased splanchnic vascular resistance
leads to visceral ischemia, bacterial translocation,
and lactatemia.

Chest. 2017 Aug 2. pii: S0012-3692(17)31319-3
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Prise en charge

1) » Compliance paroi

¢ Analgésie/sédation

e (Curarisation courte si
besoin

¢ Limiter compression
externe

3) ¥ Contenu “extra”

e SNG:décompression e Diurétiques/ UF

e Prokinétiques (selon e Drainage percutané
contexte) (ascite/collections)

e Décompression rectale, e Réévaluer remplissage

laxatifs
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Cas clinique

 Evolution respiratoire initialement favorable
=> PIA=18mmHg

* Puis brutale dégradation respiratoire a J10
* Fi02=100%; P/F=60, Sa02 a 85%
* Curarisation + DV + NO
e Sécrétions sales et abondantes
* Majoration de la PIA a 26 mmHg (20 apres curarisation)
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Cas clinique

Vt=5ml/kg
Autopep=2
Fi0O2=100%

I T T E T
Vvt 270 270 270 270

PEEP tot 8 12 16 20
FR 27 27 27 27
Pplat 38 41 40 45
Sa02 84 88 90 95
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Ventilation protectrice ?

I T T T
Vvt 270 270 270 270

PEEP tot 8 12 16 20
FR 27 27 27 27
Pplat 38 41 40 45
Pression 30 29 24 25
motrice

Sa02 84 88 90 95

Pression motrice= variation de pression alvéolaire induite par le volume courant

Reflet de la compliance dynamique
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The respiratory pressure—abdominal ® e
volume curve in a porcine model

1,2,34*

Adrian Regli
and Peter Vernon van Heerden

239

Pressure, cmH50

, Bart Leon De Keulenaer'?, Bhajan Singh®”#, Lisen Emma Hockings®?, Bill Noffsinger®®

—> Augmentation
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Pplat
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Compliance mL/cmH,0
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Crit Care Med 2013; 41:1870-1877
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Driving pressure: a marker of severity, a
safety limit, or a goal for mechanical
ventilation?

Guillermo Bugedo* , Jaime Retamal and Alejandro Bruhn

Airway pressure

Esophageal pressure
60 - phageal pi

50 -

40
Pressure |
(cmH20) %0

20

10 -

IAP 5 mmHg IAP 15 mmHg IAP 25 mmHg

-10-

Bugedo et al. Critical Care (2017) 21:199
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Cas clinique

Vit 270
PEEP tot 15
FR 27
Pplat 41
Ppl Inspi 30
Ppl Expi 19
PTP Inspi 11
PTP Expi -4

PTP inspi = Plat — Ppl inspi
PTP expi = PEEP — Ppl expi

PM transpulmonaire
(Pplat-PEEP)-(Ppli-Pple)
=15
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Cas clinique

Vit 270
PEEP tot 15
FR 27
Pplat 41
Ppl Inspi 30
Ppl Expi 19
PTP Inspi 11
PTP Expi -4

PTP inspi = Plat — Ppl inspi
PTP expi = PEEP — Ppl expi
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Lésions de cisaillement
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Obésite

Chirurgie du sein vs laparotomie

Premedication After surgery At1h At3h
0 - Y

L S ] s | | |
Capacité vitale Y M : . :
> y Vo : ' i
5204 | | : LT :
@ | | ! l : : I
m | | | | ' * |
8 | | ! | ' |
. 1 1 | | * | 1 |
s 4 , o L L
= | | : . ! : i |
o | . ; I ' , ! I

@ _40 - (] Group Awith | | : : ! | | *
- breast surgery | ! : : : : |
= 1|8 Group Bwith || | L. o
s . laparotomy ‘ | ; , |
lBMi b o o

<25 25-30 >30 [ <25 25-30 >30 | <25 25-30 >30 | <25 25-30\ >30

-60 - '

Von Ungern BS BJA 2004, 92:202-7
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Obésite

Atelectasis (%)

20 -

—_
(6]
I

—
o
I

Non-obese
E1Obese

"

Before induction After extubation 24 hours after
extubation

Eichenberger, A. et al. Anesth Analg 2002,95:1788-1792
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Obésite

Before induction After extubation
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Implications en kinésithérapie

Positionnement

e Eviter la compression abdominale (sangles, coussins,
etc.).

e Attention : U'élévation de la téte de litimpacte UIAP
mesurée > standardiser si suivi.

e Décubitus ventral : bénéfice ARDS possible mais
surveiller IAP et perfusion.

e Optimiser alignement diaphragme/paroi (décubitus
latéral, décharge) au cas par cas.

Mobilisation précoce = faisable mais
adapter a la stabilité (FiO,, vasopresseurs,
etc.).

Open abdomen / chirurgie récente :
précautions de traction, douleur,
déhiscence; coordination équipe.

Surveiller signes d’intolérance :
désaturation, instabilité hémodynamique,
douleurs/pression abdominale.

Objectif : maintenir mobilité sans
aggraver |AH.
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Dysfonction diaphragmatique

Définition

Réduction de la capacité motrice des muscles
respiratoires dans les suites d'une intervention
chirurgicale thoracique et/ou abdominale

Ford G et al; Diaphragm function after upper abdominal surgery in humans
Am Rev Respir Dis 1983 ; 127 : 431-6
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Diminution de la fonction inspiratoire diaphragmatique

augmentation de la part baisse ampliation
des muscles intercostaux v abdominale inspiratoire




Dysfonction diaphragmatique

* Patient normal: bonne synchronisation des
muscles inspi et expi et fonctionnement du

Expiration

respiratoire. Réduction de type restrictive des
volumes postop

Expiratory
muscles

“- RV
Lung
volume

T 0 B 0 diaphragme tel un piston
nspiratory
muscles E
- b . Anesthésie: asynchronisme des muscles

Inspiration

(At::gl::inaled) y anes‘h::lzidd) ‘l’ CRF
F h 4 CV (30-40%)
T Atelectasies

=>Maximale a J1

=>Durée jusqu’a J15

Lung
volume volume

Warner DO Anesthesiology 2000,92 (5): 1467
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Volumes pulmonaires apres chirurgie

% valeur controle

100

80

60

40

100

80

60

6 8 10 12
jours

sous-mesocolique

sus-meésocolique

0 2 4 6 8 10 12

Capacité Vitale Jours

Ford G et al; Diaphragm function after upper abdominal surgery in humans

Am Rev Respir Dis 1983 ; 127 : 431-6
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Volumes pulmonaires apres chirurgie

e Variation de la

densité des - e,
recepteurs __Racine du
sympathiques tranavarse
visCeraux
- Etage sous- sous mésgeolique
meésocolique:
—Pas de dysfonction
diaphragmatique
majeure
—Peu de complications
respiratoires s mboeotave soueemsemmalique
- CEsophage abdominal - Jéjuno-iléon (intestin grele)
- Estomac - Colon (gros intestin)

- Voies biliaires
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Selon le type de chirurgie

Group 1: superficial plastic surgery

70 -

Group 2: upper abdominal surgery
Group 3: thoracoabdominal surgery o |
b3 <~ & - Group !
100
90 50
98 ; a
97 |
96 E 40 1
95 | 5
%y 'g 30 |
s 93 b “ }g
2? 7 S
91 20 |
90 +
89 I
88 | 10
87 | —:—g;
86 ...
85 ‘ . : S S LY S S, ALY TEEY PSP
Preop. 0 5 10 15 20 30 40 50 60 120 180 6 5 10 15 20 30 40 50 60 120 180
Time (minutes) . Time(minutes) .
Spo2 in the early postoperative period Incidence of hypoxemia after surgery
while patients were breathing room air while patients were breathing room
air

Xue FS et al. The influence of surgical sites on early postoperative hypoxemia in adults undergoing elective
surgery. Anesth Analg 1999; 88:203-2109.
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Coeliochirurgie

Perco, (mm Hg) MV (L/min) Ppeak (cm H,0) Pplat (cm H,0) C(mL/em H,0) V1.0 (%) n

Duting anesthesia
Supine, lithotomy 352 (0.7) 6.4(0.2) 14.0(0.6) 13.5(0.6) 50(24) 76(11) 20
Trendelenburg 35.0(0.3) 53(0.2)* 14.8(0.6) 14.7 (0.6) 41 24 81(13) 20
During laparoscopy
5 min 359(0.3) 70031 27091 22.1(0.8)* 28177 86 (1.2)* 20
20 min 35.6(0.2) 74(02) 23.3(0.9) 228(0.8) 28(L5) 86(12) 20
35 min 35.4(0.3) 76(0.3) 238(0.9) 232(09) 27(1.6) 87(1.0) 20
50 min 35.8(0.3) 7.7(0.3) 23.8(1.0) 231(09) 26(1.5) 88(09) 20
65 min 35.6 (0.3) 8.0(0.3) 245(0.9) 24109 27(14) 87(09) 19
80 min 35.6 (0.3) 7.8(04) 25.0(1.3) 245(1.4) 27(1.7) 87(L1) 14
Before deflation 35.5(0.3) 8.0(0.3) 245(0.9) 24.1(0.9) 26(1.4) 88(09 20
After deflation
Trendelenburg 359(0.3) 8.3(04) 19.2(0.7)* 18.0(0.7)* 40 (1.9)* 8209 20
Supine, lithotomy 354 (0.4) 7.0(0.2)* 152 (0.5* 145 (0.5)* 46 (2.2 78(1.0* 20

Results are given as mean (SE),
* Significantly different from the previous value: P < 0.05.
MV = minute ventilation; Ppeak = peak airway pressure; Pplat = plateau inspiratory pressure; C = compliance; V 1.0 = expiratory resistance.

* Au cours de la ceelioscopie, la pression des voies respiratoires T et la compliance
du systéme respiratoire |

* La compliance est diminuée de 20 % par la position de Trendelenburg et de 30 %
par I'élévation de la pression intra-abdominale

Hirvonen EA et al, Ventilatory effects, blood gas changes and oxygen consumption during laparoscopic
hvsterectomv Anesth Anala 1995 : 80 : 961-6
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Coelio vs laparo
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Figure 1. Postoperative changes in forced vital capacity (FVC) following Figure 3. Postoperative changes in peak expiratory flow (PEF) following
laparoscopic or conventional resection of colorectal tumors. Pre indicates laparoscopic or conventional resection of colorectal tumors. Pre indicates
preoperative measurement; Op, day of surgery; asterisk, P =.01; dagger, preoperative measurement: Op, day of surgery: asterisk, P<.05; dagger,
P<.05; and double dagger, P =.06. P =.06; and double dagger, P<.01.

Effets respiratoires moins prononcés et de plus courte durée
CV et le VEMS se normalisent le plus souvent avant le 2€ jour postopératoire, alors
que la normalisation de la CRF se fait entre le 3¢ et le 5¢ jour.

Schwenk W et al; Pulmonary function following laparoscopic or conventional colorectal resection Arch Surg
1999 ; 134 : 6-12
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Effets des agents anesthesiques

- Limités a la période postopératoire immédiate
=>Morphiniques
v'Hypoventilation alvéolaire
v'Suppression de la toux et du soupir

v'Dépression de la réponse ventilatoire a ’hypoxie,
I'nypercapnie

« Dépression du tonus des muscles intercostaux

« Raccourcissement du périmetre thoracique




Effets de la douleur

Surgical /
trauma /

Origine multifactorielle:
® « agression »
chirurgicale
e inhibition phrénique

Vs reflexe

---- * réaction

* inflammatoire
e agents anesthésiques
e douleur
postopératoire

inhibition Muscle disruption

viscera

Réflexe
d’ inhibition
diaphragmatique

Hypoventilation
atelectasis

Anesthesiology 2000;92:1467-72
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Effets de la douleur

100
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>

A: Antalgique
s - B: Placebo

+ #

PAIN (VAS scale)

1 'l J

C 24 H 25 H -2 é 54 H 55 H

RoOle dans le réflexe d’inhibition diaphragmatique probable

=> role des récepteurs abdominaux pariétaux’

Vassilakopoulos T et al, Contribution of pain to inspiratory muscle dysfunction after upper abdominal
surgery , Am J Respir Crit Care Med 2000 ; 161 : 1372-5



Interactions d’organes

Interactions
pancréas-foie—-poumon



Interactions d’organes

Le “crosstalk’ en réanimation : un modele simple

Pancréas Foie Poumon

P P

Médiateurs : DAMPs (HMGB1...), cytokines (IL-6, TNF...), neutrophiles
Axe intestin—barriere-lympe, microcirculation, coagulation

Boucles d’amplification (MOF)



Interactions d’organes

Pro-inflammatory immune response Counter-regulatory immune response

Local activation of
defensins and cytokines Regulation and control of inflammation

Activation of phagocytosis

and killing of cells . :
Increase in tissue repair

Local endothelial activation for
increased cell recruitment

Beneficial effects

Nature Immunology, Giamarellos-Bourboulis et al, 2024



Interactions d’organes

Systemic cytokine release with Too strong inhibition of antimicrobial
endothelial activation and hypotension mechanisms

Systemic activation of complement :
Immunosuppression

Disseminated intravascular coagulation
Opportunistic infections

Deleterious effects

Organ dysfunction

Nature Immunology, Giamarellos-Bourboulis et al, 2024



( Potential triggers and initiators
e

=X latrogenic causes
(e.g., CAR T-cell therapy,
blinatumomab, other T-cell engaging
immunotherapies, gene therapies).
R 4

o

Pathogen-induced triggers
P re i
(es g bacterlal sepsis,
EBV- assoaated HLH, Covid-19)

Monogenic and
autoimmune disorders
(e.g., automf']ammatory disorders,
primary or secondary HLH)
=

(=) Negative regulators

Inadequate
negative
regulation

« Tregs, mesenchymal stem cells
« Decoy cytokine receptors {IL1RA)
« Antiinflammatory o

cytokines (mterleukm-l(()g L _......I
(| o

« Adaptive T cells (CD4*, CD8")

« Innate antigen-presenting cells
(macrophages, dendritic cells)

Immune hyperactivation

« Inappropriate triggering or danger sensing
« Inappropriate or ineffective amplitude

of response
« Failure to resolve inflammation

and return to homeostasis
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Interactions d’organes

Dysfunction of
the Vascular
Endothelium

and
Mitochondria

rocirculation

V11 ¢

lissue

Tissue hypoperfusion

Increased coagulation Decreased anticoagulation

Endothelial cell

v_@) JTissue ) ’
A 2 T factor pathway (‘ »
| ) — inhibitor L TM | Endothelial
protein C receptor
1 Antithrombin 1 Protein C
| !
NETs 4 Activated Vasodilatation
with trapped protein C 1 Blood pressure
platelets -
g o ©°
1 PAIF1 2> LFibrinolysis 1 Red-cell
e 0°® deformability

— > Thrombosis
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Activated protein C
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Cell shrinkage
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{ Tight junctions
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barrier function
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contents —
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Organ failure

N Engl J Med 2013; 369:840-851 DOI: 10.1056/NEJMra1208623




Interactions d’organes

Axe pancréas > poumon : ALI/ARDS extra-pulmonaire

Pancreatitis
Interstitial pancreatitis _

L BT

[ M o
80 to 85% \® |

Acute pancreatitis

During first
2 weeks

Necrotizing pancreatitis

g @) A
{ iz

15 to 20%

During first
2 weeks

Transient organ failure
Acute fluid collections
Mortality <2%

Transient organ failure

Moderately severe
acute pancreatitis

Mortality <5%

{ ~70%

Persistent organ failure
Severe acute pancreatitis
Mortality 15-20%

L

~30%

Y

Resolution of
fluid infiltration
or pseudocyst

Sterile necrosis
Mortality ~10%

Infected necrosis

“Critical” acute
pancreatitis

Mortality 30%

‘ | pancreatic

Resolution

Walled-off
| pancreatic
necrosis

Walled-off

necrosis

Admission 872 Hows | dweeks ek /s weels 2

N EnglJ Med 2016; 375:1972-1981 DOI: 10.1056/NEJMra1505202




Interactions d’organes

Axe intestin-lymphe—-poumon

Eubiosis Dysbiosis

Healthy lung microbiome 4
¢ Reduced inflammatory
mediators f

¢ Increased epithelial
barrier integrity

~© = Lunginflammatory diseases

Mechanisms in Gut-Lung axis
e Dysbiosis

Microbial cross-talk

Immune cell mis-homing

Mucosal cross-talk

Breaching of epithelial

barriers

Gut microbiota

restoration with
pre-, pro- and post-

biotics “

Intestinal inflammatory
diseases

https://doi.org/10.1016/j.heliyon.2024.e24032



Interactions d’organes

Axe pancréas > poumon : ALI/ARDS extra-pulmonaire

¢ Inflammation stérile : nécrose acinaire > DAMPs (ex.
HMGB1) > TLRs - cascade cytokines.

¢ Activation neutrophilique + perméabilité endothéliale >
cedeme pulmonaire lésionnel.

¢ Axe intestin-lympe—poumon : facteurs “toxiques” issus
du tube digestif transitent via la lymphe mésentérique.

Clinique : hypoxémie précoce, atélectasies, pleurésies;
ARDS possible.

e Support ventilatoire protecteur (ARDS) +
prise en charge source (SAP).

e Eviter iatrogénie (bilan hydrique, IAH).

e Kine : désencombrement raisonné,
mobilisation progressive, prévention
atélectasie.



Interactions d’organes 22/28

Axe intestin-lymphe—-poumon

Hypoperfusion / inflammation Facteurs dérivés du tube Circulation systémique
> permeéabilité intestinale > lymphe mésentérique > poumon

Hypothese “gut-lymph” : le poumon recoit des médiateurs issus de Uintestin via la lymphe, pouvant
contribuer a Uatteinte pulmonaire lésionnelle.
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Pancréas - foie : atteinte hépatique dans la SAP

¢ Cytolyse/cholestase fréquentes (compression, * Cytokines, stress oxydant,
inflammation, hypoperfusion). microthromboses

» Dysfonction de synthése possible en contexte de * DAMPs / activation immunitaire
choc/MOF. e Hypoperfusion + congestion (I1AH)

La dysfonction hépatique s’associe a une gravité
accrue (souvent marqueur d’atteinte systémique).
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Foie © poumon:

1) Cirrhose > hypoxémie 2) ARDS / sepsis - foie

e Syndrome hépatopulmonaire : vasodilatations
intrapulmonaires > shunt / diffusion.

¢ Portopulmonaire : HTAP associée a HT portale (autre
tableau).

Kiné : attention a la dyspnée/hypoxémie “non
proportionnelle”, et a Uorthodéoxie (HPS).

Le foie est un organe immuno-métabolique :
e cholestase du sepsis, cytolyse
d’hypoperfusion

e altération clairance cytokines/endotoxines
- boucles inflammatoires



Interactions d’organes

Foie © poumon:

e

Mixed venous

blood

Bk J 2
%U:Et: ST R e oS

e

Uniform
ventilation %

‘o

Hypoxemic
rterial
Nonuniform perfusion ab|:2:

N Engl J Med. 2008 May 29:358(22):2378-87.



Place de la kinésithérapie



Kinésithérapie en réanimation

-AFE
f— -Toux dirigée
-Drainage bronchique

-Recrutement
4 -Ventilation dirigée
-Posture
-Drainé
/_

-Non drainé :




Kinésithérapie en réanimation

Augmentation des pa—

volumes

Boussignac




VNI: Effets bénéfiques VNI: Effets déléteres?

1. Humidification 1. Intolérance

2. FiO, max. 100% 2. Asynchronies

3. Assistance Respiratoire = Al

3. Intubation retardée

4. PEP 4. Barotrauma: V;

5. Effets cardiaques



Confort: via lunettes et humidification

Oxygénation: Haut Débit = Haute FiO,

Effet PEP: Oxygénation - Prévention
des atélectasies?

Lavage espace mort: PaCO,

Augmentation de la PaO,
Diminution de lI'effort et de la fréquence respiratoire



Mobilisation en réanimation

ORIGINAL ARTICLE

Early Active Mobilization during Mechanical Patients adultes sous ventilation mécanique >24h

Ventilation in the ICU

The TEAM Study Investigators and the ANZICS Clinical Trials Group* Etat SUfflsamment Stable pour rendre Ia

mobilisation possible
TEAM trial

750 Underwent randomization

' :

372 Were assigned to early-mobilization group 378 Were assigned to usual-care group

14 Were excluded
8 Withdrew consent for
all data
3 Withdrew consent for
follow-up at day 180
3 Were lost to follow-up

3 Were excluded
1 Withdrew consent for
all data - -
2 Withdrew consent for
follow-up at day 180

\ \i

369 Had primary outcome available at day 180 364 Had primary outcome available at day 180

N EnglJ Med. 2022 Nov 10;387(19):1747-1758.



Mobilisation en réanimation

Early Mobilization Usual Care
Characteristic (N=371) (N=370)
Age —yr 60.5+14.8 59.5+15.2
Female sex — no. (%) 128 (34.5) 146 (39.5)
Body-mass indext 29.9+7.9 30.4+7.8
Frailty and function
Median score on Clinical Frailty Scale (IQR): 3(2to4) 3 (2to4)
Median score on Functional Comorbidity Index (IQR)§ 2 (1to3) 2(1to3)
Median score on WHODAS 2.0 (IQR)Y| 10.4 (2.1 to 25.0) 8.7 (2.1t0 22.7)
Highest score on the ICU Mobility Scale in wk before ICU admission| 9.9+0.6 9.8+0.7
Median interval from hospital admission to randomization (IQR) — hr ~ 88.3 (50.5 to 137.0) 81.6 (48.2 to 147.0)
[ Median interval from ICU admission to randomization (IQR) — hr 60.1 (35 to 92.3) 61.3 (33.8t096.1) |
ICU admission type — no. (%)
Planned ICU admission after elective surgery 68 (18.3) 58 (15.7)
Unplanned ICU admission 303 (81.7) 312 (84.3)
I Median RASS score at randomization (IQR)** -3 (-4 to -2) 3 (-4to-2) |
Measurements and interventions at randomizationy
Positive end-expiratory pressure — cm of water 8.9+3.0 8.8+3.1
Pao,:Fio, 226+79.1 230+85.2
Receipt of vasopressors by infusion — no. (%) 228 (61.5) 231 (62.4)
Receipt of renal-replacement therapy — no. (%) 82 (22.1) 79 (21.4)
| APACHE Il scoreii 18.2+6.8 18+6.9 |
Diagnosis subgroup — no. (%)
| Sepsisqq 246 (66.3) 245 (66.2) |
Trauma 15 (4.0) 14 (3.8)
Covid-19 7 (1.9) 10 (2.7)

N EnglJ Med. 2022 Nov 10;387(19):1747-1758.



Mobilisation en réanimation

Early Usual Between-Group
Mobilization Care Difference
Characteristic (N=371) (N=370) (95% CI)

Patients who were assessed by a physiotherapist on day of 320/370 (86.5)  265/363 (73.0)  13.5 (6.7 to 20.3)
randomization — no./total no. (%)

No. of days per patient when physiotherapy assessment oc- 0.94+0.11 0.81+0.24 0.14 (0.12 to 0.16)
curred
No. of minutes of active mobilization per day 20.8+14.6 8.8+9.0 12.0 (10.4 to 13.6)
Mobilization milestones::
ICU mobility IMS 3 or higher
scale Patients — no. (%) 331 (89.2) 330 (89.2) 0 (-4.3to0 4.3)
Median no. of days since randomization (IQR) 3 (1to6) 4 (2to7) -1 (-2.2t0-0.2)
IMS 4 or higher
Patients — no. (%) 287 (77.4) 286 (77.3) 0.1 (-6.0to 6.1)
Median no. of days since randomization (IQR) 3(2to7) 5 (3 to 8) -2 (-3.4t0-0.6)
IMS 7 or higher marcher avec
Patients — no. (%) 176 (47.4) 150 (40.5) 6.9 (-0.2 to 14.0) I'aide de >2
Median no. of days since randomization (IQR) 5 (3 to 8) 7 (4to 13) -2 (-3.4t0-0.7) personnes
Median peak IMS (IQR) 6 (4 to 8) 6 (4 to 8) 0(-ltol)

N EnglJ Med. 2022 Nov 10;387(19):1747-1758.



Mobilisation en réanimation

ICU Mobility Scale: M 0 (nothingor 1 1-2 (in-bed or 34 (active sitting 5-6 (transfer or W 7-8 (assisted 9-10 (independent
passive) in-chair exercises) or standing) marching in place) walking) walking)

A Early Mobilization

100—_.. . ..——__
. LR n
80
wn
Tt 70
2
©
5 e
‘s
° 50
&
€ 40
é B Usual Care
E 30 100
2 % EEEEEN) |||l|||||.l||ll
10 80 . I
0 2 72
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 K]
>
T 60
Day 3—6
No. of Patients 365 371 367 342 306 281 251 221 202 177 165 147 131 117 109 104 98 84 78 72 64 59 49 48 47 43 40 38 g’n 50
2 w0
7
1
&_‘-’ 30
20
10
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
Day
No. of Patients 363 364 362 347 311 281 254 236 204 184 166 146 134 125 112 104 96 87 81 78 69 61 59 56 52 47 43 41

Au total, 77 % des patients des deux groupes étaient capables de se tenir debout aprés un intervalle
médian de 3 jours vs 5 jours (différence, -2 jours ; ICa 95 %, -3,4 a -0,6).

N Engl J Med. 2022 Nov 10;387(19):1747-1758.



Mobilisation en réanimation

Early Mobilization Usual Care Difference or Odds
Outcome (N=371) (N=370) Ratio (95% CI)y P Value
Primary outcome
Days alive and out of hospital at day 180:
Median no. (IQR) 143 (21to 161) 145 (51to 164) 2.0 (-10to 6) 0.62

Key secondary outcomes
Death at day 180
Patients — no. (%)

Median no. of days since randomization (IQR)

83/369 (22.5)
17 (9 to 41)

71/364 (19.5)
19 (12 to 50)

1.15 (0.81-1.65)§
2.0 (-12.0 to 8.0)

Median no. of ventilator-free days at day 28 (IQR)

21 (8 to 25)

21 (11 to 25)

0.0 (-1.4 to 1.4)

Median no. of ICU-free days at day 28 (IQR)

16 (0 to 21)

17 (3 to 22)

~1.0 (-3.1to 1.1)

Functional outcomes in survivors at day 1809
Score on EQ-5D-5L utility score||
Score on EQ Visual Analogue Scale**

Median score on IADL (IQR) i
Median score on WHODAS 2.0 (IQR){§

Median score on Barthel Index of ADL (IQR)

0.7+0.3
70.2+19.7
100 (100 to 100)
8.0 (7.0to0 8.0)
12.5 (2.1 to 33.3)

0.7+0.3
69.0+20.1
100 (95 to 100)
8.0 (6.0 to 8.0)
14.6 (4.2 to 38.9)

0.0 (-0.0to 0.1)
2.0 (-5.7t09.7)
0
0.2 (-0.9 to 1.3)
1.8 (-6.9 to 3.4)

N EnglJ Med. 2022 Nov 10;387(19):1747-1758.



Mobilisation en réanimation

Early Mobilization Usual Care Difference or Odds
(N=371) (N=370) Ratio (95% CI)7 P Value
Adverse events — no. (%) 49
Patients with =1 adverse event potentially due to mobilization 34 (9.2) 15 (4.1) 2.55 (1.33-4.89)§ 0.005
— no. (%)
Adverse events per patient — no. (%) 0.02
0 337 (90.8) 355 (95.9)
1 19 (5.1) 11 (3.0)
2 4(1.1) 2 (0.5)
>3 11 (3.0) 2 (0.5)
Type of adverse events — no. (%) ||
Altered blood pressure 13 (3.5) 8 (2.2) 0.27
Cardiac arrhythmia 13 (3.5) 4 (1.1) 0.03
Oxygen desaturation 8 (2.2) 1(0.3) 0.02
Pain-or agitation 4 (1.1) 1(0.3) 0.37
Removal of invasive line 2 (0.5) 2 (0.5) 1.00
Gastrointestinal 2 (0.5) 1(0.3) 1.00
Tachypnea 3 (0.8) 0 0.25
Altered neurologic state 1(0.3) 1(0.3) 1.00
Other 4(1.1) 0 0.12

N EnglJ Med. 2022 Nov 10;387(19):1747-1758.



Conclusion 27/28

Messages clés

e |AH (=12) et SCA (IAP >20 impactent fortement la function respiratoire.

e EnlAH : une partie de la pression ventilatoire reflete la paroi - interpréter plateau/PEEP avec
nuance.

e PAG est lareprésentation clinique la plus grave du SCA
e Traitement = relacher paroi + décomprimer + retirer volume > drainage > chirurgie si échec.
e Crosstalk pancréas—foie-poumon : DAMPs/cytokines + axe intestin-lympe expliquent la MOF.



