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sekvencni proces, proto metabolicka odpovéd neni v

vyvoj organoveé dysfunkce

ruznych fazich stejna
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Postakutni faze muze vyustit k uzdraveni a rekonvalescenci,
nebo prejit do chronické faze a protrahovaného inflamatorniho
katabolického syndromu (PICS)

Singer P, et al., ESPEN guideline on clinical
nutrition in the intensive care unit, Clinical
Nutrition (2018)



stale nezname, zda, jak a kdy metabolicky
intervenovat:

od kdy podavat (v které fazi kritického onemocnéni?)
jakym pacientum (skore?)

jakou cestou (i.v. AK vs. protein enteralne?)

<olik energie

jaky pomeér energie a proteinu

jak zachazet s tuky?
aditiva?

jaké mnozstvi proteinu (1.0..1.5.. 2.0 .. 2.5g7)



svalova slabost u kriticky nemocnych
je vyrazem a dusledkem anabolické rezistence

* |ICU acquired weakness

* svalova slabost vznikla po prijeti na JIP

* myopatie a neuropatie kriticky nemocnych
* symetricka, generalizovana

* zavislost na UPV pres dobrou funkci plic

* casto provazena kognitivnhim deficitem



anabolicka rezistence

* pokles syntézy myofibrinarnich proteinu

* tento pokles nelze odstranit ani vysokymi davkami
aminokyselin



mechanismus anabolickeé rezistence
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3 hlavni priciny anabolické rezistence:

- vek
- inaktivita
- zanet
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rizikove faktory anabolické rezistence
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sarkopenie neni vzdy podminéna anabolickou rezistenci
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anabolicka rezistence vede k endotelialni
dysfunkci

Visceral Fat, Insulin Resistance, and
Endothelial Dysfunction

oz okl . IL1, ILG, THNF
Visceral Fat pEaEsty =
FFA,, PAI-1, RAS,

E leptin, resistin )

| Adiponectin

Cytokines,
V. Substrates
‘ J%_;&*’ Hormones

Insulin { Endothelial
Resistance Hyperglycemia Dysfunction

Hypertension ] and
Dyslipidemia Inflammation

Madified from Caballers AE. Current Diabetes Reports. 2004 4237 -246.

Caballero AE, et al., Curr Diabet Reports
2004; 4: 237-46:



endokrinni faktory vedouci k sarkopenii
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intracelularni syntézu proteinu podminuje
insulin, IGF-1 a leucin
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role plasmatického retikula

* poskozeni endoplasmatickeho retikula zhorsuje
odpovéd myocytu na rustoveé faktory a leucin

* nasledkem je vznik anabolické rezistence svalu
prostrednictvim blokady mTORC1 indukované
PKB/PRAS40

Deldicque L., et al.: ER Stress Induces Anabolic Resistance in  Muscle Cells through
PKB-Induced Blockade of mTORC1. PLoSONE 6(6); 2011: e20993.



neprijimani proteinu a energie ex externo:

Katabolicka odpovéd v akutni fazi kritického
stavu je diky zanétlivé a endokrinni
odpovédi, imobilizaci a intervencim vice
vyjadrena nez u zdravych hladoveéjicich

EEEEEEEEEEEEEEEEEEEE

Nutrition in the Acute Phase
of Critical Illness




utilizace energie

vyuziti endogennich energetickych zdroju se lisi
v ruznych fazich kritického stavu

Table 2 Conceptual transitions of utilization of energy supply in

acute illness

Utilzation
of energy
SOU e

Endogenous

ExOQENOUS

Phase of critical illness

ACute Chronic
Maximal Reduced
Minimal Increasing

Post-acute

Marginal

Maximal

Teprve postakutni faze je dobou k nutricni intervenci
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v inicialni fazi svalovy katabolismus kryje 50-75% potreby
glukozy Gataholic Response to Stress and Injury

Acute phase
proteins

Hyperglycemia

(Lactate ) Glycerol
A.mlnu at:l:lé“}

Glycolysis

Proteolysis ." .

Whole body
protein catabolism

insulin
resistance

Early In Acute Phase Body Can Generate 50-75% of Glucose Requirements!

Je predpoklad, ze v této dobé dodavka proteinu (> 1.0

g/kg/d) je efektivni ke kompenzaci svalového katabolismu,
pokud soucasne dodame urcité mnozstvi nonprotelnove

energie (10-15 kcal/kg/d) N P SR Y o o S

201519 Supnpd 356



po prijeti na JIP:
hypotenze... zatim nezvladnuty sok...

prioritou je dostat kyslik do tkani... resuscitace
iniciovany mechanismy anabolické rezistence

je nesmyslné snazit se zivit pacienta v progresivnhim
obeéhovém selhani

NUTRIENTY NEJSOU UTILIZOVANY



zahajeni nutricni intervence:
s respektem k probihajicimu procesu

* Autofagie:
anorexie je soucasti akutni fyziologicke odpovedi
na SIRS

* enteralni nutrice: troficky efekt, sliznicni integrita
GIT, vliv na hemodynamiku

* EN je tedy preferovanou metodou?

Pochopit, ze neuspesna akcelerace EEN je markerem
tize onemocnéni (GIT dysfunkce/selhani),

ale i signalem adaptace na kriticky stav v casném
stadiu



koncept ¢asné vyzivy s vyssi davkou N

1174 pacientu JIP, UPV nad 48h., vasopresoricka podpora

i1

8

Late Feeding

Percent survival

'P = 0.0001

Il

i T 1 T T T T T T T T T
KL P4 S0 1.5 lik0 115 150 1.5 2dkAb 215 25.0 215

Days post-intubation

benefit Casné vyzZivy vice vyjadren u pacientl vyzadujicich vyssi davky NA,
tedy u “vice nemocnych”
Khalid | et al. Am J Crit Care. 2010;19(3):261-8.



ORIGINAL ARTICLE

Trial of the Route of Early Nutritional
Support in Critically Il Adults

Sheila E. Harvey, Ph.D., Francesca Parrott, M.Sci., David A. Harrison, Ph.D.,
Danielle E. Bear, M.Res., Ella Segaran, M.5c., Richard Beale, M.B., B.5.,
Geoff Bellingan, M.D., Richard Leonard, M.B., B.Chir., Michael G. Mythen, M.D.,
and Kathryn M. Rowan, Ph.D., for the CALORIES Trial Investigators*®

C Caloric Intake

] Parenteral route [ Enteral route

- bez rozdilu:
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Days from Initiation of Early Nutritional Support

Protein Delivered: EN 0.7 gm/kg; PN 1.0 gm/kg



EEN, EPN
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Reitham Blaser A, et al.:Early enteral nutrition in
critically ill patients: ESICM clinical practice guideline.
Intensive Care Med (2017) 43:380-398




pro casnou postakutni fazi plati:
- casna opatrna vyziva je prospesna a na ceste tolik
nezalezi
- enteralni cesta preferovana

- kolik kalorii a kolik proteinu v této fazi?



SVAL JE KLICEM K PREZITI

* chrani a soucasné se devastuje
* sval je zdrojem katabolizovanych produktt

* svalovy katabolismus je zdrojem aminokyselin jako
energetického substratu

anabolicka resistence:

v katabolickém stavu pretrvava negativni N bilance pres
obnoveny prijem energie a proteinu



SVAL JE KLICEM K PREZITI

* svalovou devastaci podporuje

- jeho neaktivita

- nedostatek nebo nevyuzitelnost subtratu
* pro kriticky nemocné plati:

ztrata svalové hmoty v prubéhu kritického stavu
zpomaluje cestu zpét k nezavislosti na organové nahradé

* ESPEN Guidelines 2018: Physical activity may improve
the beneficial effects ofnutritional therapy. Consensus
(86% agreement)
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, >
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Hiesmayer M, 2014



Puthucheary ZA, et al: Acute Skeletal Muscle Wasting in
Critical lliness. JAMA 2013; 310 (15): 1591-1600
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% RESTING METABOLIC RATE

NITROGEN EXCRETION

v postakutni fazi neni zvysena potreba

energie a proteinu proporcionalni

180

-
=
o

o MAJOR BURN l energie:
160 - MAJOR TRAUMA
MH TRAUM 1.8x
120 K
MNormal

an
=

T
40 |-

30 =
20

10 [REE ST

100 | .\/,-i Range méné ka|0rill
A |:5TAHUATIGN

T vice proteinu?

MAJOR BURN protein:
MAJOR TRAUMA 4 X
MINOR TRAUMA

o

.,_,,m”ﬂfmﬂl - . _
IH&ngﬂ Weijs P, Wischmeyer P.: Optimizing

| . o

0 6 12 18 24 30 38 42 days energy and protein balance in the ICU.

COCNMC 2013, 16: 194-201




kolik proteinu
ESPEN:

During critical illness, 1.3 g/kg protein equivalents per day can be
delivered progressively

Singer P, et al.: ESPEN guideline on clinical nutrition in the intensive care unit. Clinical Nutrition (2018),

ASPEN:

“..in the range of 1.2-2.0 g/kg actual body weight per day, and may
likely be even higher in burn or multitrauma patients” (grade E)

Guidelines for the Provision and Assessment of Nutrition Support Therapy in  the Adult Critically Il
Patient. SCCM and A.S.P.E.N. Mc Clave S., et al. JPEN

ESICM:
1.3 g/kg IBW, enteral acces preferable

Reitham Blaser A, et al.:Early enteral nutrition in critically ill patients: ESICM  clinical practice
guideline. Intensive Care Med (2017) 43:380-398

Mnozstvi AK se liSi podle cesty aplikace (IV /vs enteralné)



anabolicka strategie v prubéhu kritického
stavu a uzdravovani

v akutni fazi je zasadni rozliSovat mezi dosud dobre
Zivenym a jiz malnutricnim pacientem

Keoliig/day Pratein (g/kg/d)
45 4+ 4 25
40 2.0
15 L 15
30 _ 1.0
25 0.5

Total Kcal Activity/
20 Delivery in Well Rehab T
15 Nourished Pt Increases
Acuta phase Chronic phase Recovery Phase
{0-5 d Post ICU-adesil) (5+ days Post ICU-admil)  (Post-ICY Dischange)

Wischmever PE, McDonald D, Knight R Role of the mikroblome, probiotics

P e oL I . - - O - L ' i b | -7 ) a
and "dysDosts therapy In omical liness, Cum Opin Cnt Care. A1 &L 453 /=oa.



SPN-2:
pozor na overfeeding




Impact of Protein Intake on 60-Day Mortality

Patients in ICU >4 d

60-Day Mortality, Odds Ratio

iabl
Variable (95% CI)
Adjusted’ Adjusted?
Protein Intake
(Delivery > 80% 0.61 0.66
of prescribed vs. I (X iRk} (0.50, 0.88)
<80%)._
Energy Intake
(Delivery > 80% 0.71 0.88
vs. < 80% of (0.56, 0.89) (0.70, 1.11)

Prescribed)

! Adjusted for BMI, Gender, Admission Type, Age, Evaluable Days, APACHE II Score, SOFA Score
2 Adjusted for all in model 1 plus for calories and protein

Nicolo M, Heyland DK, et al.: Clinical Outcomes Related to Protein
Delivery in a Critically Ill Population: A Multicenter, Multinational
Observation Study. JPEN 2016 Jan;40(1):45-51)
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vliv vyzivy s navysenim davky proteinu
o 30g/den na infekéni komplikace

Multicenter observational study of 207 patients >72 hrs in ICU
followed prospectively for development of infection
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refeeding syndrom

* 24-72 h.: spotrebovany zasoby glykogenu pro
glukoneogenezu;

72+ h.: oxidace FFA na ketony, Setri protein

* po zahajeni vyzivy: prepnuti energetického
metabolismu zpéet na glukozu: tvorba ATP a 2-
3DPG. Klesa P, K a Mg diky prestupu zpet do
bunky (insulin).

* expanze ECT a deficit thiaminu (kofaktor CHO
metabolismu)



glukoza a insulin

inzulinova rezistence je evolucnim
mechanismem umoznujicim prezit akutni stres

nouzovym energetickym substratem je glukoza

enteralni absorbce sacharidu je v akutni fazi
zpomalena: proc?

prilis mnoho glukozy v akutni fazi skodi

hypoglykémie zhorsuje prognozu; ma ale
opodstatnéeni externi privod glukozy v akutni
fazi?

Preisler J Ch, ESPEN 2015



za soucasného stavu znalosti:

* Akutni stres vyvola zasadni zmény substratoveho
metabolismu, které jsou na rozdil od prostého hladoveéni
jen minimalné ovlivnitelné nutricni intervenci

* Exogenni privod glukozy v inicialni fazi nepotlaci jeji
endogenni vznik (glukoneogenesu) v jatrech a ledvinach

* Pfehnana nutricni intervence v akutni fazi muze
podporovat neucelny hypermetabolismus (futilni cykly) a
interferovat s prirozenou uklidovou reakci (autofagie)



... 2a soucasného stavu znalosti:

V pocatecni fazi hospitalizace na JIP zvolit restriktivni pfistup k hrazeni
energie (20 kcal/kg/IBW)

Pozor na sarkopeniclou obezitu. Z nedostatecného privodu energie a N
trpi nejvice nemocni s BM| < 18 a > 35.

Dostatecny privod bilkovin se podle sou¢asné urovné poznani zda byt
dulezitéjsi nez privod energie.

Suplementace iontu, stopovych prvku a vitaminul je nedilnou soucéasti
nutricni podpory.



... 2a soucasného stavu znalosti:

Snaha o zachovani integrity strevniho epitelu a tim i
bariérove funkce streva v sepsi je logickou prioritou.
Enteralni cesta je prirozenou cestou privodu energie a
proteinu. Uprednostnit, pokud neni kontraindikace.
Zahajeni EN az po uvodni stabilizaci Sokového stavu.

TPN je bezpecna alternativa EN v pripade, ze je tato
kontraindikovana.

Farmakonutrice je predmétem dalsiho vyzkumu.
Princip organove specifické vyzivy pri prevazujicim

poskozeni jednoho z dulezitych organu (jatra, ledviny, plice)
soucasné poznani nepodporuje.



V casné fazi kritického onemocneéni
neni dosazeni plné vyzivy prioritni;
o to vetsi vyznam ma ve fazi rekonvalescence

* all recent RCTs evaluating increased energy/protein intake
during ICU week 1 failed to demonstrate a protective effect
against ICU-AW

* in one RCT, early PN increased the incidence of ICU-AW:
suppressed autophagy.

* no improved physical function with increased energy/protein
provision in the first ICU week.

Casaer MP: Muscle weakness and nutrition therapy in ICU. Curr
Opin Clin Nutr Metab Care 2015;18(2): 162-8
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Kontroverze ve vyzive
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= Samostatna sesterska sekce s Recentnl doporueni
= Samostatna sekce nucritnich terapeutia = Paralelni bloky
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ERAN: Enhanced Recovery After iNsult

Minimalizace nezbytného hladovéni

Obnoveni prijmu p.o. v nejkratsim bezpecném Case
po insultu

PIna integrace nutricni podpory do péce na JIP

Metabolicka péce, vcetné parenteralni vyzivy v
prevenci nutri¢nich deficitu u indikovanych pacientu

Odstranéni stresujicich faktoru vsude, kde je to
mozné
Casna mobilizace a rehabilitace dovednosti



mnozstvi dodaného proteinu /AK a prognoza

* Weijs PJ, et al.: Optimal protein and energy mortality in mechanically ventilated
critically ill patients: a prospective observational cohort study. JPEN 2012;36:60-8.

* Allingstrup MJ, et al.: Provision of protein and energy in relation to measured
requirements in intensive care patients. Clin Nutr 2012;31:462-8.

* Nicolo M, Heyland DK, : Clinical outcomes related to protein delivery in a critically
ill population: a multicenter, multinational observation study. JPEN 2016;40:45-51.

* Compher C, et al.: Greater protein and energy intake may be associated with
improved mortality in higher risk critically ill patients: a patient multicenter,
multinational observational study. Crit Care Med 2017;45:156-63.

* Rooyakers O, Wernerman JL, et al.:. Whole body protein turnover in critically ill
patients with multiple organ failure. Clin Nutr 2015;34:95-100.

* [166] Looijaard WG, Dekker IM, Stapel SN, Girbes AR, Twiks JW, Oudemans-van

* Doig GS, et al.: Intravenous amino acid therapy for kidney function in critically ill
patients: a randomized controlled trial. Intensive Care Med 15;41:1197-208.



publikacni milniky

REGANE (2010): 500ml residualni volum muze byt tolerovan

EDEN (2011): 6 denni "trophic feeding" neni horsi nez plna vyziva
TICACOS (2011): indirektni kalorimetrie vede k lepSim vysledkiim
EPaNIC (2011): ¢asna vs. odlozena PN bez vlivu na mortalitu

SIGNET (2011): glutamine bez efektu, selenium moznasnizuje infekce

EPN (2013): no survival benefit from early TPN when EN is not an option for 3
days

SPN (2013): kratSi doba UPV pfi EN se suplementaci PN

ENTERIC (2013): nasojejunalni cesta neni lepsSi nez nasogastricka
REDOXS (2013): glutamin a antioxidanty mohou skodit

METAPLUS (2014): enteralni imunonutrice bez efektu

CALORIES (2014): bez rozdilu v mortalité mezi casnou EN a ¢asnou PN
INTACT (2015): vysSi mortalita u ALl pfi agresivni plné EN


http://link.springer.com/article/10.1007/s00134-010-1856-y

Guidelines for the Provision and
Assessment of Nutrition Support Therapy
in the Adult Critically Ill Patient

JPEN J Parenter Enteral Nutr February 2016 vol. 40 no. 2
159-211

ESPEN guideline on clinical nutrition in the
intensive care unit

Clinical Nutrition 2018
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