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Problématiques

1. Dénutrition et agression

2. Nutrition et immunonutrition
3. Indications et timing de |la NP
4. Choix de I’émulsion lipidique

5. Eten pratique ??



1) DENUTRITION ET AGRESSION



Dénutrition

30 a 50 % des patients hospitalisés

459% des patients de réanimation
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Les patients de réanimation sont
sous-alimentés

80 % des calories requises sont prescrites

— 70 % des calories sont effectivement recues

— 50 % des malades de réanimation recoivent <70% des
calories nécessaires

Apports recommandés 25 a 35 Kcal/kg/]



Dénutrition : facteur prédictif
indépendant de mortalité

Independent variables P value OR (95%CI)
BMI
18.5-24.9 I
<18.5 0.01  CQ63D.11-2.39)
25-29.9 0.033 0.75 (0.56-1.004)
>3() 0.01 0.60 (0.40-0.88)

Admission diagnosis COPD  0.0035 0.51 (0.32-0.82)

( A«” )
\ / )

Body mass index

An additional prognostic factor in ICU patients
Intensive Care Med (2004) 30:437-443




Dénutrition chronique vs. aigué

Dénutrition chronique
(défaut d’apport)

¢

Comportement de jelne
prolongé

¢

Cachexie progressive




Complications de |la dénutrition

Réduction de la masse protéique
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La dénutrition : facteur de comorbidité

COMPLICATIONS GRAVES
DENUTRIS | DENUTRIS P
Braga (440) 14 % 31 % p<0,001
Mullen (145) 16 % 42 % p <0,001
Veterans Affairs 24 % 43 % p<0,001




Physiopathologie de I'agression

: ADAPTATIVE IMMUNITY

INFLAMMATION = SIRS ' C5aR T lymphocyte :

: C5a activation |
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Meétabolisme et stress aigu

¢ 1% phase:J1-J2
— Diminution de tous les métabolismes

— Hyperglycémie par mobilisation des réserves endogenes
(muscles, foie)

e 2¢Me phase : durée et intensité variables

— Hypercatabolisme (muscles, foie) : AG stockés, protéines

c" _"} A f
\ ) il |

— Néoglucogenese, insulino-résistance
— Lipolyse

e 3°me phase : phase anabolique de récupération.



Adaptation du métabolisme lipidique

CK pro-inflammatoires, endotoxines, catécholamines

TRIGLYCERIDES

— T

Mobilisation Diminution  Synth lipoprotéines
des réserves activité LPL richesen TG

\ J

Hypertriglycéridemie —>  Hydrolyse = —> [B-oxydation

EFFECT NEOGLUCO
REPONSE DE IMMUNOMODULATEUR PROTEOLYSE GENESE
L’HOTE
(LPS)
LACTATE HYPERINSULINEMIE

INSULINO-RESISTANCE



2) NUTRITION ET
IMMUNONUTRITION



Enjeux de la nutrition artificielle de
I"agressé

Controle de la réponse métabolique a I’agression

Prévenir la dénutrition

Supporter la fonction

des organes défaillants

Moduler la fonction immunitaire et
la réponse inflammatoire :
« immunonutrition »




Immunonutrition ?

e Ajout de nutriments spécifiques destinés a
améliorer les fonctions immunitaires

o en quantité supérieure a la normale
o dans la NE ou NP

* Relation étroite état nutritionnel / immunité



3) INDICATIONS ET TIMING DE LA
NUTRITION PARENTERALE



Indications de la nutrition parentérale

* Partielle:
— En complément voie orale / entérale
— et situation d’hypermétabolisme > 7-10 j.

* Totale : impossibilité d’alimentation orale ou
enteérale

MALIS :
* Moins physiologique
* Colteuse
* Complications potentielles



Timing : a la phase aigué ?

Lymphocytes
G.Blancs

Intestin

Lactate

Insulino

Glutamine \indépendance/

Glycérol
Jnsulino-résistanc

»-= NG

Acides gras '

w A_ @0 (!nsulino-résistancx
Muscles g

Adipoc-ytes-

Pr Hasselmann

état de choc
catécholamines
curarisation

Néoglucogenese
hépatique
Hypercatabolisme
Mobilisation des
réserves lipidiques




Timing : a la phase aigué ?

 CONTRE : restriction protéino-énergétique’
— M thermogenese
— N production d’urée
— N turn-over du glucose
— ne majore pas la protéolyse.

* POUR : en l'absence d'apports adéquats,
mobilisation des réserves

— dépenses énergétiques
— syntheses protéiques "prioritaires »
— épuisement du stock d’éléments traces / vitamines

— immunonutrition ? haute concentration de n-3 (poisson) dans le SIRS
N mortalité, infections acquises, durée de séjour



4) CHOIX DE L’EMULSION LIPIDIQUE

== P




Les lipides

N
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Nomenclature : les lipides

NETIIIIITITIITIITIN
H H H HH OH

Acide gras insaturé CH_CH, (CH=CHCH,);(CH,);COOH

Acide alpha linolénique (18:2 n-3)

* Grosses molécules => nombreux C, reliés par liaisons simples

ou doubles
- Selon nb de doubles liaisons : AGS / AGMI / AGPI
- N-x: x = position de la 1¢'¢ double liaison par rapport a I’extrémité C-

terminale
+ 3AG=TG OO
- TCM /TCL en fonction du nombre de C (14) C17HasCOO—CH

I
) HasCOO—CH,



Emulsions lipidiques en réanimation

* Apport calorique / faible charge osmotique

TG émulsifiés par des phospholipides :
— Triglycérides a chaines longues : TCL
— Triglycérides a chaines moyennes : TCM

* Propriétés des émulsions dépendent de :
— Qualité AG
— Ratio AG (oméga 3, oméga 6, oméga 9...)



Emulsions lipidiques en réanimation

Historiguement :

— TCL (soja) n-6 (acide linoléique 18:2) = Intralipide
<=> AGPI essentiels

—TCL/TCM : 1/1

— Puis

e n-3 (poisson) = Omegaven
n-9 (olive) = Oliclinomel
TCM complexes de synthese (Structolipide)
Les mélanges (Lipidem, Medialipide, Clinoleic, SMOF...)




Composition des émulsions

Intralipide



Composition des émulsions

Intralipide



Composition des émulsions

Intralipide

Omeégaven 0 0 20 0



Composition des émulsions

Intralipide
Omeégaven 0 0 20 0

Clinoléic 4 0 0 16



Composition des émulsions

Intralipide

Médialipide -- 0 0
Omeégaven 0 0 20 0
Clinoléic 4 0 0 16



Composition des émulsions

Intralipide

Médialipide -- 0 0
Omeégaven 0 0 20 0
Clinoléic 4 0 0 16
Lipidem 0
SMOF 5




PROPRIETES DES ACIDES GRAS ET
MECANISMES D’ACTION IN VIVO



Omega 6 vs.

Omega3?

Al5-desaturase

Linoleic acid (18:2n-6)

(Plants only)

Ab-desaturase

AS5-desaturase

Arachidonic acid (20:4n-6) I
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> o-Linolenic
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Eicosatetraenoic acid (20:4n-3)

I Eicosapentaenoic

AS5-desaturase

4
‘acid (EPA;20:5n-3) |
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Elongase
Elongase

Aé-desaturase
B-oxidation
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| Docosahexaenoic acid (DHA; 22:6n-3) ||



Mediateurs lipidiques n-6 et n-3

" PG, o LTB,
i TXA, Lipoxines LTC, :
i \ & I Ik /
| © L |
: “5-__ Acide arachidonique _//g/ |
i 2 (C20:4n-6) 3 5
e S T D
2 | Acide eicosapentanoique | 5 :
//(%’ (C20:5n-3) \;mb"\\
i PGl; Résolvines LTB; .
 TXA, g

Mayer, Curr Opin Clin Nutr Metab Care 2006;9:140



Effets anti-inflammatoires des n-3

Inflammatory Extracellular Extracellular

stimulus / EPA and DHA ... ARA
/\ Raft /\ : EPA and DHA ARA in
] <\T

sembl\)/ : in phospholipids phospholipids

Cell membrane

Y 1]
Free EPA and DHA Free ARA
||

Anti-
inflammatoires

inflag oires

COX-2
iNOS
MMP




Effets anti-inflammatoires des n-3

Inflammatory Extracellular Extracellular

stimulus / EPA and DHA ... ARA

(] = [ l l
g / \
E GPRI20| ( Raft \: EPA and DHA ARA in
£ assembl\)/ """ in phospholipids e
3 \
0 |

v

Free EPA and DHA

NFKB irroooeveree PPAR-y Resolvins v/ \oEicosanoids

Cytokines - Diminue chimiotactisme PNN
sl - Diminue expression molécules d’adhésion
iNOS - Diminue interaction PNN/endothélium

MMP



Effets théoriques des TCM

* « Bénéfiques » (vs. TCL) :
— Métabolisme plus rapide
— Clairance plasmatique rapide
— Moins de stockage hépatique => moins d’El

e « Déléteres » :

— Activation des PNN + altération fonctions (migration,
dégranulation, phagocytose)

— Production ERO + molécules d’adhésion

— Roéle pro-inflammatoire du GPR84 ?
e surexprimé apres LPS
* majore production CK pro-inflammatoires



Composition des membranes
cellulaires

Ancres GPI : enzymes, récepteurs,
molécules d’adhésion Répartition des protéines et des lipides

dans les rafts, palmitoyl-dépendante

Liaison aux stérols :

famille Hedgehog
(
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)
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AA.‘H-AV\ ' {’3& \ g\-ng. AAA-AQOA».
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U O

Cytoplasme { / /"
Protéines prénylées :

Protéines palmitoylées intra- protéine G By, K-
cellulaires : Src-kinases, H-ras, ras4B, Rab
sous-unités a de la protéine G

RAFT NON-RAFT



AG exogenes et inflammation/immunité

(émulsions lipidiques)

AG exogenes

n-3

— n-9 TCM .
- . L. \ ress
Composition e.t 9rganlsatlon oxydant
radeaux lipidiques
Fluidité et composition
7, \\ ) Apoptose
— ""\ N membranaire : AA, n-3, csll p| :
N . ulaire
.1 n3 . n-6, ratio EPA/AA
7’ / Ll ~
s I n-9 LN
K // | < \ S
Signalisation TLR4 , I pYY \ .
\ / I Fonctions LT “ n-3 Libération de
\ // \l, et LB N o microparticules
'y, PPARSs TCM 3
“', l‘ \ PG, LTB et autres
Y g // n-3 \ médiateurs lipidiques
Transcription \
NF-xB \ S
\ / \
/ \ N\
\ / v A Vv
N y Slgnallsa.t|on Fonctions des PNN : ,
cellulaire Réponse

Transcription génes
inflammation

chimiotactisme,

e inflammatoire
phagocytose, bactéricidie



5) ET EN PRATIQUE ?



Prescription d’une nutrition
parentérale

e Voie centrale dédiée
— VVP : exceptionnel

e Perfusion continue

e Surveillance:
— Dextro /4 h
— lono, triglycérides, bilan hépatique



Prescription d’une nutrition
parentérale

 Glucose: 4 g/kg/j=280-300 g/j
 Acides aminés:1 g/kg/j=70 g/]

 Lipides .0, 7g/kg/j=50 g/



Supplémentation en micronutriments

Glutamine

Meélanges polyvitaminiques
Vitamine K

Vit B1, B9 et PP

Mélanges d’oligo-éléments

Supplémentation spécifique en Zinc et Sélénium
(antioxydants)



Quelle émulsion lipidique ?

* L'émulsion lipidique :
— A20% (100 g / 500 ml)
— Recommandée en Europe (SFNEP, ESCIM)

— Proposition de pouvoir « ne pas en utiliser » pour des NP
<10 jours chez des patients non dénutris (Canada)

e Pas de criteres définitifs de choix entre les
différentes émulsions lipidiques

* Contexte clinique ?



Choc septique

Study

Number of patients

Duration

Lipid emulsion

Beneficial effects

Lindgren [100]

Gamacho-Montero [90]

Mayer [104]

Mayer [105]
Heller [110]
Mateu-

“ﬂ

Fnsecku M ﬂ

Barbosa [19]

Umpierrez [114]

eﬁﬁ

20 ICU patients with sepsis or multiple injury 3 days

72 septic patients

21 septic patients

10 septic patients

661 patients, inclyg= *

patlents =

166 ICU patients

25 septic patients

100 ICU patients

des ©.

10 days

5 days

10 days

.
. -

3

me%a ]

>5 days

27 days

5 days

13 days

MCTs/LCTs* vs. LCTs?

MCTs/LCTs" vs. LCTs?

FO? vs. LCTs!

FO? vs Lyt R

9”

., v s other lipid

emulsions

00° vs. LCTs?

MCTs/LCTs® + FO* vs.

MCTs/LCTs®

MCTs/LCTs® + FO* vs.

MCTs/LCTs®

00° vs. LCTs*

MCTs/LCTs:

— Improved nitrogen balance on day 3

MCTs/LCTs:

— Improved nitrogen balance

— Improved nutritional markers and catabolic parameters

— No effect on mortality

— Increased cholestasis enzymes

— Increased insulin levels

FO:

— Decreased cytokine secretion

— No effect on length of mechanical ventilation and mortality
FO:

— Predominance of the n — 3 acids EPA and DHA acid over AA
— Increased anti-inflammatory LTBs

— Improved neutrophil function (respiratory burst)

— No effect on length of mechanical ventilation and mortality
FO: dose-dependent effects

— Increased survival

— Decreased infection rates, antimicrobial requirements and length
of stay

00:

— No effect on infection rate, acute- phase proteins, and clinical
outcome

— Increased blood leucocyte count

FO:

— No effect on inflammation

— No effect on clinical outcome

FO:

— No effect on inflammation

— No effect on length of mechanical ventilation, ICU stay and
mortality

— Decreased length of hospital stay

00:

— No effect on blood glucose concentration

— No effect on length of stay, mortality, nosocomial infections, and
acute renal failure

— No effect on inflammatory and oxidative stress markers or in
granulocyte and monocyte functions




SDRA

Study Number of patients Duration Lipid emulsion Effects
Chassard 6 patients with pancreatitis 8h LCTs/MCTs%vs. MCTs/LCTs: increased oxygen consumption and minute ventilation
(129) and ARDS; cross-over study LCTs?
Planas Patients with ARDS LCTs/MCTs*vs. MCTs/LCTs: no effect on eicosanoids synthesis
[126] LCTs'
Smirniotis 21 patients with ARDS 24h MCTs/LCTs%s. LCTs:
[127) LCTs! — Increased pulmonary venous admixture and mean pulmonary artery pressure
— Deageased PaQ/FIOZ
.  MCTs/LCTs: increased oxygen consumption
Masclans 21 patients with ARDS 12h MCTs/™ = LCTs:
[132] . " * — Increased infusion, ardiac output, oxygen consumption and axygen delivery increased (all p < 0.05)

Smymmiotis 9panents wi
(128]
-

s ® .
.
Fa

s
Leks _«

(131]

Sabater
[141)
Sabater
(142]

-

‘pLoe

. mrPARDS. cross

o ossTldy
"13 patients with ARDS

16 patients with ARDS

16 patients with ARDS

6h

1h

12h

12h

N
\ete( eS‘ . TS

e PS5 Vs.

MCTs/LCTs® vs.
LCTs?
MCTs/LCTs? vs.
saline

MCTs/LCTs/FO°
vs. LCTs'
MCTs/LCTs/FO°
vs. LCTs'

— Pulmonary hemodynamics, arterial oxygen tension, mixed venous partial pressure of oxygen and

» “venous admixture ratio remained unaltered.

LCTs:

— Increased pulmonary venous admixture and mean pulmonary artery pressure
— Deaeased Pa0,/FIO,

MCTs/LCTs: increased oxygen consumption and CO, production

MCTs/LCTs: increased Pa0,/FiO,, oxygen delivery and cardiac index

MCTs/LCTs:

— Decreased Pa0,/Fi0,, respiratory system, and increased pulmonary vascular resistance

— Increase in total protein and phospholipid concentrations, phospholipase activities,
platelet-activating factor and neutrophils, and surfactant alterations in bronchoalveolar lavage
MCTs/LCTs/FO: no effect on hemodynamic values and gas exchange parameters

MCTs/LCTs/FO: decreased pro-inflammatory eicosanoids




Post opératoire

Study Patients Duration Lipid emulsion Effects
Dionigi [143) 15 malnourished patients with 2 weeks preoperatively  LCTs” vs glucose LCTs:
advanced gastric or esophageal and 1 week after surgery — No effect on nutritional status
cancer — No effect on humoraland cellular
immune response
— Decreased post-operative infectious
episodes
Monson [144) 30 malnourished patients with 7 days post-surgery LCTs® vs glucose LCTs:
gastrointestinal cancer — Decreased cytotoxicity of
IL-2-activated PEMNCs
. " — Significantly impaired NK, activity
Morlion [147] 20 post operative patients 5 days post-surgery LCT<d ™ L LCTs/FO increased LTBg/LTB, ratio
Wachtler|[158) 40 patients undergoing major 5days post-surgely .t " *MCTs/ACTs* MCTs/LCTs/FO:
intestinal surgery Q R — Increased LTBs/LTB, ratio
. 3 s * — Decreased pro-inflammatory cytokines
L. as — No effect on infection rate, ICU and
. % hospital length stay
Roulet [148) 19 patignts - * O ..pge‘iy LCl‘s‘/FO’vs.LCl‘s‘ LCTs/FO modified the platelet
. . : composition and changed some

Linseisen [ISS‘_ *

Weiss [159]

Schauder [157]

Furukawa [145]

e *

24 patients with major abdominal
surgery

60 patients

35 patients undergoing surgery
for gastrointestinal cancer

MCTs/LCTs/RO® + a-tocopherol vs.
LCTs*

5 days post-surgery

1day before and 5days  FO* vs. LCTs'

post-surgery

5 days post-surgery LCTs" /RO*, LCTs or fat-free nutrition

7 days before surgery and LCTs® vs fat-free parenteral nutrition
14 days post-surgery

parameters of platelet function
MCTs/LCTs/FO + a-tocopherol:
normalized a-tocop herol plasma
concentrations

FO:

— Decreased inflammation

— Noeffect on infection rate, on ICU and
hospital Iengh stay, on mortality
LCTs/FO:

— No effect on distribution and
proliferation of lymphocytes

— Increased production of inflammatory
cytokines

LCTs:

— No effect on CRP

— Increased IL-6 in stressed patients; no
effect in unstressed patients

— Decreased T cell proliferationin
stressed patients; no effect in unstressed
patients




Post opératoire

Kbller [153] 30 patients with major abdominal 5 days post-surgery MCTs/LCTs/FO*vs. LCTs?
surgery

Grau [146) 72 undemourished patients with MCTs/LCTs* vs LCTs*
laparotomy

. )

Antebi [167] 20 patients undergoing major 25days MCTs/™ * ws LCTs?
surgery s " .

Heller [151] 44 patients undergoing major Sdays . '? .
abdominal surgery . * 3 .

Grimm [165] 33 patients with major + * e%as .ﬂ(.‘l‘sﬂfl‘s;OO/FO’ vs LCTs!
surgery _ o ® Om

" oy 05
Mertes [175] . * e“’ . ® ‘5&)6 post-surgery MCTs/LCTs/00/F0” vs LCTs!
g xe‘ >
: \
Wichmann IISO]' ‘.dlents undelgomg major 5 days post-surgery MCTs/LCTs/FO* vs. LCTs"
" S abdominal surgery

Berger [161] 20 patients with abdominal aortic 4 days post-surgery MCTs/LCTs/FO* vs. MCTs/LCTs*
aneunsm surgery

Liang [154] 42 patients undergoing major 7 days post-surgery LCTs/RO* vs. LCTS?
abdominal surgery

Piper [166] 44 postoperative patients 5 days post-surgery MCTs/LCTs/00/ R0 vs LCTs?

Badia-Tahull [176) 27 patients undergoing 5 days post-surgery 00%vs RO /00°
gastrointestinal surgery

r——————

MCTs/LCTs/FO increased LTBs/LTB, ratio

MCTs/LCTs:

— Decreased incidence of intra

— abdomin sses; no significant
differences in the incidence of other
infections.

— No effect on mortality, exceptin
patients wit hout cancer (decreased

mortali

MCTs/LCTs/ 00 /RO improved liver
function

LCTs/FO:

— Improved liver and pancreas functions
— No weight loss

MCTs/LCTs/ 00 /RD:

— Increased LTBg/LTB, ratio

— Decreased hospital length of
MCTs/LCTs/00/FO: no effecton
laboratory parameters and clinical
outcome

MCTs/LCTs/FO:

— Increased anti-inflammatory LTBg

— Decreased length of

MCTs/LCTs/RX no difference on
inflammatory markers and clinial outcome
LCTs/FO:

— Decreased inflammatory response

— Decreased hospital stay length

~No effect on mortality and infectious
complications

MCTs/LCTs/00 /RO improved liver
function

FO:

— Reduced infection incidence

— No effect on inflammatory and
nutritional markers




Post opératoire

Study Patients Duration Lipid emulsion Effects
Jiang [152) 206 patients undergoing 7 days post-surgery LCTs* /RO vs. LCTs? LCTs/FO:
gastrointestinal cancer surgery — Decreased SIRS
— Decreased hospital length stay
Hallay [168] 26 patients undergoing major 5 days post-surgery MCTs/LCTs/00/FO” v MCTy/LCTs* Hepatic effect of the intravenous lipid

abdominal surgery

Makay [156] 26 patients undergoing gastric 1day before and 5days  LCTs/FO*vs. bC‘lk‘
cancersurgery post-surgery . v " X
. .
Ma[169] 40 postsurgical gastrointestinal 5 days post-surgery s * vs MCT¥/LCTs
tumeor patients . " Q

63 gasm-"‘ *

1 \ﬂ’ﬁe‘ et

De Miranda Torrinhas [177)

99 patients undergoing 1day before and 7days  MCTs/LCTs/RO® vs. MCTs/LCTs*
gastrointestinal cancer surgery post-surgery

Ma[170]

emulsions did not differ significantly
between the two emulsions

LCTs/FO: no effect on biochemical
parameteTs, complications, or length of
hospital stay or mortality.
MCT's/LCTs/ 00 /RO:

— Decreased postoperative LDL

— No effect on metabalic parameters,
proinflammatory cytokine levels, adverse
events, and clinical outcomes

RO: -

— Increased anti-inflammatory cytokines
— Deqreased leukooyte oxidative burst,
maintained monocyte percentage
expressing HLA-DR and CD32, and
increased CD32 neutrophil expression

— No changes in post-operative infections,
length of ICU and hospital stay.

RO:

— No effect on metabalic parameters,
proinflammatory cytokine levels, adverse
events, and clinical outcomes

— Improved lipid metabolism




Les points clés

‘I = \P ‘

e ...la dénutrition tue !

* Nutrition parentérale = 2¢™¢ intention

* Controverse persistante sur le choix des EL :
— Discordance expérimental / clinique
— Faibles effectifs
— Comparaisons difficiles : bcp d’EL différentes
— Nécessité de RCT



Conclusions

* Un potentiel théorique...

— Anti-inflammatoire

— Anti-pro-oxydant
— Modulateur de I'immunité

* Les questions en suspens .

— Le bon mélange ? N-3 / n-9 ? nouveaux TG de
synthese ?
— Le timing (modulation de I'immunité : SIRS/CARS) ?






