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Multiple Organ Dysfunction

MOD, processo continuo di gravita ed espressione variabile

* Ipoperfusione
* Ipossia cellulare
« Disfunzione metabolica

Fattori epidemiologici — ) _ ]
; < « Alterazione dei processi
—— MOD bioenergetici
S _ « Alterazioni omeostatiche
Potenzialita terapeutiche . Signaling failure

* |mmunomeostasi

Riserva funzionale vs insulto

Sakr Y et al. Crit Care. 2012 Nov 16;16(6):R222



Homeostasis

Tendency toward a relatively stable equilibrium between interdependent elements

Descrive l'interdipendenza tra i nostri organi

ORGAN CROSS-TALK

Feedback
Fattori emodinamici
Fattori neuro ormonali
Cell signaling

In condizioni normali In condizioni patologiche

Mantiene omeostasi Trascinamento su altri organi

Sakr Y et al. Crit Care. 2012 Nov 16;16(6):R222



Organ cross-talk

Altered haemodynamics
Low CO

— Decreased fissue perfusion
t Venous congestion
Fluid overload

Hormonal alterations
Sympathetic activation

ADH release Immune-mediated damage
\ Inflammation

Cytokine release
Endothelial activation
Apoptosis & replacement fibrosis

___ PH/RV dysfunction Hypoxia

# Venous congestion ggg;r::tEQEacm t Alveolar-capillary permeability
4 Circulating mediators RAA activation

_ Inflammation & apoptosis - - a}, H,0 + Na retention

|_-ung'k "-_"“eY " Vasoconstriction

interactions ’ 3 Uraemic solute retention

s |AKI-reIated alterations

-

Ca & P abnormalties

Intestinal dysbiosis ,.-—--""’) Metabolic acidosis
Splanchnic vasodilation D?”Pﬁoﬁ gut barrier function Anaemia
tAbdominal pressure —————— Inflammation . N
T }Effective arferial volume Cytokine release Remote cardiaclung injury
Inability to increase CO & plasma volume

¥ Microcirculation
tRVR

/ Ischaemia—reperfusion
Hypoxia

Inflammation Hypercoagulability
Cytokine release /
— Oxidative stress

Altered innative & adaptive response
Endothelial injury & extravasation

ed et al. Intensive Care Med (2018) 44:1447-1459



Organ cross-talk : bidirezionalita

MECHANICAL VENTILATION

Hyperinflation

Blood gas
disturbances

[

1 Pulmonary * Pulmonary
vascular ---#  hypertension
compliance * RV dysfunction, {BNP
* Venous congestion

Respiratory and

diaphragmatic __
contractile
dysfunction

\

Neurohormonal activation
(RAAS, sympathetic, ADH)
LANP

1Reserve volume
-# | Exercise capacity
1Abdominal pressure

1 RENAL BLOOD FLOW
, PERFUSION PRESSURE

+RENAL RESISTIVE INDEX

Inflammation

* Hypoxic
vasoconstriction ol Impaired gas
* Left/Right exchange
shunting
|
|

1 Circulating IL-6, » __tAlveolar-capillary
PAI-1, sTNFR-l and Il permeability

CELL INFILTRATION/APOPTOSIS
ENDOTHELIAL DYSFUNCTION

MICROVASCULAR
DYSREGULATION

Fluid overload
I
Electrolyte/Acid

Respiratory work
base disorder = ecpiAtoLy

load
* Endothelial
- dysfunction
* Pulmonary
hypertension
* 1RV stress

Uremic solute
retention
I
Renal anemia
\
RAAS activation

TUBULAR DAMAGE

+ TIMP-2*IGFBP7, KIM-1,
NGAL, IL-18, L-FABP

Leukocyte
trafficking

tCirculating IL-6,
DAMPs
““icaspase 3, TNF-
o

Remote lung
injury and -
apoptosis

1ENaC, Na K-
<--- ATPase,
aquaporin 5

1 Resolution
alveolar edema

1+ Vascular
permeability

Pulmonary
hemorrhage

®
Q@®

GLOMERULAR DAMAGE

ALBUMINURIA

Husain-Syed et al. Am J Respir Crit Care Med 2016 15;194(4):402-14



Organ cross-talk

Chronic ] o Acute  Chronic
Acute myocardial Myocarditis

infarction Ischemic heart disease
Arrhythmia Hypertensive heart
Hypertensive emergency disease
Cardiac surgery Cardiomyopathy
Pericardial tamponade
Toxic agents

Acute Chronic

* Recovery/Non- Utilization RFR
recovery Subclinical AKI * Glomerular/ + Sclerosis/Fibrosis
- CKD AKI Interstitial

* ESRD Inflammation/Apoptosis ‘Suftlaclinica! _ damage
Endothelial dysfunction inflammation/Apoptosis

Chronic Sympathetic activation ::_nd0the(ljiaRl\;1g/s;l\J/r;¥ction Acute  Chronic
Low cardiac output ncrease

Venous congestion Chmonie hypoperfusion;
Chronic venous congestion

* Recovery/Non- + Subclinical lung - Impaired gas exchange - Impaired gas
recovery "RLLY * Pulmonary congestion exchange
+ Chronic lung failure * Lung injury * Low compliance * Lung edema
* Precapillary PH * Postcapillary PH

Husain-Syed et al. JACC 2015 65, 22



Organ cross-tal

Chronic  Acute Pulmonary embolism Obstructive/Restrictive lung disease Acute Chronic
Pneumonia Emphysema
ARDS Cystic fibrosis
ventilation PH
Trauma
Toxic agents

Acute Chronic

* Recovery/Non- ' g&gg&;*{gz&ﬁg - Glomerular/ - Sclerosis/Fibrosis
recovery Interstitial

* CKD * AKI ) ) B
* ESRD Inflammation/Apoptosis ] Subclinical damage

Endothelial dysfunction y s inflammation/Apoptosis
Chronic Acute . PEEP i E 4 Endothelial dysfunction
Blpod gas dlsturbarjce Chronic blood gas disturbance
venous congestion Chronic venous congestion

Acute Chronic

« Recovery/Non- « Subclinical - Ischemic insult - Increased ischemic risk

recovery myocardial injury » Arrhythmia + LV hypertrophy
« Chronic HF « Acute HF « Acute HF * RV/LV dyfunction

Husain-Syed et al. JACC 2015 65, 22



Multiple Organ Dysfunction
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SOFA score: ® on admission ® max

Gravita della
Outcome

disfunzioni d’organo

Sakr Y et al. Crit Care. 2012 Nov 16;16(6):R222



Multiple Organ Dysfunction

On admission to the ICU 100

Incidence (%) Mortality (%)

80

Hospital 60

Number of failed organs
1
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Outcome

disfunzioni d’organo

Sakr Y et al. Crit Care. 2012 Nov 16;16(6):R222



Multiple Organ Dysfunction

Gravita della N°delle disfunzioni
. . 1y Outcome ,
disfunzioni d’organo d’organo

Obiettivi delle Extra corporeal organ support
therapies

Supporto della funzione d’organo

Interruzione del maccanismo fisiopatologico



MODs & ECOS
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Extracorporeal Blood Purification

DAMPs
(ese. mediatori
inflammazione)

PAMPs
(ese endotossina)

ADSORPTION




Extracorporeal Blood Purification

DAMPs
(ese. mediatori
inflammazione)

PAMPs
(ese endotossina)




Bioartificial organ cross-talk

Altered hemodynamics

}Intrathoradc pressuns
* e W __ 1'Venous congestion I une-miediated damage
= ¥Low CO T Biotrauma
\'-

" 4} Abdominal pressure Lung refease of medistors
inflammation and spopioslis —_ L) slterations

Mechanical RAA [ sympatheiic adivation

. ADH release
ventilation Risk factors for AKI
durng antifical
organ support

Sepais Cannula related risks * A I ishment
|schaemis-repe rfusion Artificial surls ces B leeding / number of transfusions . neel meEnounshmen
— Fluid overioad —_— Heemobysis __ “enous ohstuction ; , Diabetes [ hyperension /
Confinuous biood flow Catalytic iron Occlusive arterial hypoperfusion : renovascular disesse

during VA-ECMO Hypercoaguiabiity Cholestercl emb olism RAS inhibitors
Microvascular obstrucion  Rhabdomyolysis & crush injury o
Pre-existing AK| ICKD

Prodonged hypooia |
hypercapnis
e

—
=

Adtifidal surfaces ——
Hyp erooa guiahility
__ Loss of micronutrients { =———" Thrombopenia
antibiotics [ catecholamines

Extracorporeal
liver support

ed et al. Intensive Care Med (2018) 44:1447-1459



Bioartificial organ cross-talk

RRT-related alterations

Loss of micranutrients |
antibiotics
Hypophosphataamia

Risk of haemolysis, thrombosis
and DNC when connecled o
extracorponeal circuits

Risk of Ma overload,
hypocalcaamia, metabolic
alcalosis | acidosis during RCA

interventions to prevent haemo- |

dynamic instability during RRT

Dialysata Ma modseling
Dialysata cooling

Risk of ,_.__-—-—"__—_'_—'_
Creoyganator clotting

Pulmonary embolism during V-ECMO
.ﬂu-teria] embolism during WA-ECMO

Pharmacological i r55u95

./

Risk of
Pharmacological issuas = Chrygenator clotting

Pulmonary ambolism during AV-ECCOR
‘\ TEc-agulal:qlrl'_-.r with use of FFP

+ Coaguilahbility / loss of immunoglobulins
RRT with usa of albumin
Allargic reaction to substitute solution

\1_5‘ Loss of micronutrients /
anfibictics / catecholamines
Volume expansion with —
namesgty of UFR adjustment

Plasmapheresis

ed et al. Intensive Care Med (2018) 44:1447-1459



ECOS cross-talk

Need to integrate multiple organ
support therapies



Integrated extracorporeal platform

=i

Auto-regolazione & feedback
simili al «<native organ cross-talk»

~ ol &




ECOS: considerazioni

Utilizzo di risorse?

Formazione degli operatori?

Indicazioni?

Dovrebbe l'insufficienza grave di un organo procludere il trattamento

extracorporeo di un altro organo?

The ability to successfully treat both simultaneously
might change the indications & contraindications

Ranieri et al. JAMA 2017 318:;12:1105



ECOS: implicazioni

Implicazioni cliniche: Il trattamento dell’insufficienze d’'organo non saranno piu
compartimentalizzate ai singoli organi o apparati; ECOS costituisce un’opzione
terapeutica per le multiple insufficienze d’organo.

Implicazioni per l'industria: Sviluppo modulare e piattaforme integrate per il multi-
organ support

Implicazioni per la ricerca: Necessario lo sviluppo di nuovi modelli clinici e
sperimentali che permettano di esplorare la complessa interazione tra organi e
device

Implicazioni per il sistema sanitario: Decompartimentalizzazione dell’health care
delivery. Dovrebbero ancora esistere gli ECMO center? «Centri per il trattamento
multiorgano avanzato?»

Ranieri et al. JAMA 2017 318:;12:1105



Conclusioni

La MODS e frequente e gravata da un’alta mortalita in ICU

La gravita ed il numero delle disfunzioni d’organo correlano
con l'outcome

Le terapie extracorporee:

— Supportano la funzione d’organo riducendone la gravita della
disfunzione

— Interagiscono con i mediatori umorali circolanti del paziente, agendo
sui meccanismi fisiopatologici alla base del danno sistemico

L'utilizzo di un sistema integrato ECOS rende possibile e facilita
il supporto contemporaneo di diversi organi ed apparati



