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Rizikova mista pro kriticky nemocného

* prijeti a prvni hodiny — hemodynamicka stabilizace
* casna akutni faze — respekt k autofagii

* pozdni akutni faze — doba na casnou vyzivu

* postakutni faze — dosazeni nutricnich cilu

* chronicka faze — vyziva a anabolicke strategie

* preklad na standardni lizko — neztratit kontext

* propusténi a co potom — kdo se bude starat
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Impact of energy deficit calculated by a predictive method on outcome in
medical patients requiring prolonged acute mechanical ventilation
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Fig. 4. Kaplan—Meier analysis of intensive care unit (ICU) survival rate
in patients with mean energy deficit = 5021 kJ (1200kcal)y'd of mechanical
ventilation (—; n 25) and with mean energy deficit <5021 kJ (1200 kcal)/d
of mechanical ventilation (— n 13). *Values weme significantly different
(F = 0.01; log-rank test).

Faisy C et al. Br J Nutr. 2009;101(7):1079-
1087



vyvoj organoveé dysfunkce

sekvencni proces, proto metabolicka odpovéd’
neni v rtiznych fazich stejna
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Otevreneé otazky:
zda, jak a kdy metabolicky intervenovat

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

<olik proteinu(1.0..1.3..1.5.. 2.0.. 2.5g?)
jaky pomeér energie a proteinu?

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

jak zachazet s tuky?

aditiva? anabolické strategie?
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Wischmeyer P, et al.: A randomized trial of supplemental parenteral nutrition in underweight and
overweight critically ill patients: the TOP-UP pilot trial. Critical Care 2017;21(1):142
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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)



svalova slabost u kriticky nemocnych:
dusledek anabolické rezistence

ICU acquired weakness

myopatie a neuropatie kriticky nemocnych
symetricka, generalizovana

pretrvavajici zavislost na UPV pres dobrou funkci
plic

casto provazena kognitivnim deficitem



anabolicka rezistence

* pokles syntézy myofibrinarnich proteinu

* tento pokles nelze odstranit ani vysokymi
davkami aminokyselin ex externo



mechanismus anabolické rezistence
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Puthucheary ZA, et al: Acute Skeletal Muscle Wasting in
Critical lliness. JAMA 2013; 310 (15): 1591-1600
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Published online October 9, 2013.



utilizace energie

vyuziti endogennich energetickych zdroju se lisi
v ruznych fazich kritického stavu
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protein & energy ex externo revisited

Katabolicka odpovéd v akutni fazi kritického
stavu je diky zanétlivé a endokrinni
odpoveédi, imobilizaci a intervencim jinak
vyjadrena nez adaptace u zdravych
hladovéjicich

Nutrition in the Acute Phase
of Critical Illness



Kdy zahajit nutricni intervenci?
s respektem k probihajicimu procesu

* Autofagie:
anorexie je soucasti akutni fyziologické odpovedi na
SIRS

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

* EN je tedy preferovanou metodou?

Neuspésna akcelerace EEN je markerem tize
onemocnéni (GIT dysfunkce/selhani), ale i signdlem
adaptace na kriticky stav v €asném stadiu



Enteralni nutrice je intervence prirozenou
cestou:

IF THE GUT WORKS, USE IT.
IF YOU DON'T, YOU LOOSE IT

K.Kudsk, Madison, IL

ale
ne vzdy to jde snadno



dosazeni cilové davky enteralni vyzivou neni snadné

Close to recommended caloric and protein intake by enteral nutrition is
associated with better clinical outcome of critically ill septic patients:

Secondary analysis of a large international nutrition database
Gunnar Elke, Miao Wang, Norbert Weiler, Andrew G. Day, Daren Heyland

Progression of calories and protein by enteral nutrition

Calories

100

80

60

40

20

% received / prescribed calories

1 2 3 a 5 6 7 8 9o 10 11 12
ICU Day
2263 2263 2263 2166 1992 1833 1667 1520 1374 1248 1138 1060

Z
T
]
a4
0
3
+
"}

Protein

100

80

60

40
20
o

1 2 3 a4 5 6 7 8 9 10 11 12
ICU Day
N patients 2262 2260 2259 2163 1989 1830 1663 1515 1368 1245 1134 1057

% received / prescribed protein




EEN, EPN

a Mortality
EEN EPN Risk Ratio Risk Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% Cl_ Year M-H, Random, 35% CI
Kompan 19348 0 14 1 14 0.5% 0.33 [0.01, 7.55] 1959
Kompan 2004 o 27 1 25 Of5%x 0.31 [0.0L, 7.26] 2004 4
Lar 2007 o 41 1o 41 0.2% 0,40 [0 17, 0.93) 2007
Justo Meirelies 2011 1 12 1 10 07% Q.83 [0.06, 11.70] 2011 + »
Aninmtas 2011 1z z0 20 41 155% 0.89[0.53, 1.49] 2011 P —
sun 2013 2 20 1 3 0% 2.00 10,18, 20.90] 2013 ¥
Harvey 2014 450 1186 431 1185 7R4% 104 [084, 1.16] 2014
Total (95% CI 1340 1346 100.0% 0.95 [0.76, 1.19]
Toral events 472 470
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Sun 2013 3 30 10 320 95% 0,20 [0.09, 0.98] 2013
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Total (95% CI) 1364 1365 100.0% 0.55 [0.35, 0.86] -
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casna opatrna vyziva je prospeésna a na cesté

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



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.Sc., Richard Beale, M.B., B.S.,
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®

Sl O Parenteral route [ Enteral route
- bez rozdilu:
$ J | * mortalita 30 d.
;% 20- H H * mortalita 90 d.
; l * infekce
w11

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



CASNA OPATRNA VYZIVA JE PROSPESNA
A NA CESTE TOLIK NEZALEZI

ENTERALNI CESTA PREFEROVANA
OTAZKA:

KOLIK KALORII A KOLIK PROTEINU
V TETO FAZI?



kolik proteinu
ESPEN:

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

Singer P, et al.: ESPEN guideline on clinical nutrition in the intensive care unit. Clinical
Nutrition (2019),

ASPEN:

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

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

Mnoistvi AK se liSi podle cesty aplikace (IV /vs enteralné)
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Parenteralni cestou lze dosahnout vyssi davky proteinu

Energy delivery (kcal/kg/day)
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Reignier N.: Lancet 2018;391:133-143
Harvey SE: N Engl J Med 2014; 371:1673-1684



optimalni davka energie a proteinu
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Singer P.: Preserving the quality of life: nutrition in the ICU. Critical Care 2019; 23, 139



% RESTING METABOLIC RATE

NITROGEN EXCRETION

v postakutni fazi neni zvysena potreba

energie a proteinu proporcionalni
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casné podani proteinu

Early protein administration (>0.7g/d) in PN/EN was
associated with increased survival (HR 0.83, 95% ClI
0.7170.97, p =0.017) in a mixed ICU population

Bendavid |, Singer P.: Early Administration of Protein in Critically Il Patients: A
Retrospective Cohort Study. Nutrients 2019 Jan 7;11(1



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.



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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Each 10% increase in goal protein intake in high-risk
patients with longer-term nutritional support was
associated with lower D28 mortality
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Lew Ch, Crit Care 2019; 23: 222




kolik energie?
Pacient 127kg /185cm
*|BW / Brocca 1850 kcal/d
*Mifflin St.Jeor 2169 kcal/d
*H.B. 2309 kcal/d
*Penn State 2407 kcal/d
*Adj.BW 2471 kcal/d
*Peterson 2158 kcal/d
sindirektni kalorimetrie ... 3.-4.d.
V/CO2 (REE = 8.2 x \VCO2)

*ESPEN: 20-25 kcal/kg IBW (jinak u obeznich)

podle: Berger, M., et al. Monitoring nutrition in the ICU.
Clin. Nutr. 2019, 38, 584-593.



anabolicka strategie v prubéhu kritického

stavu a uzdravovani

v akutni fazi rozliSovat mezi dosud dobre zivenym a jiz
malnutricnim pacientem

Keal/ke/day Protein (g/ko/d)
45 4 + 25
40 2.0
15 L 1.5
30 _ 1.0
25 0.5

Tolal Kcal Activity/
20 Delivery In Well Rehab T
18 Nourished Pt Increases
Acule phass Chronic phase Recovery Phase
{0-5 d Post ICU-admit) {5+ days Posl ICU-admit)  (Post-ICH Dischange)

Wischmever PE, McDonald D, Knight R Role of the miroblome, probiotics,
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kumulativni negativni bilance zhorsuje prognézu
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Caloric Debt
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of EN

- delsSi doba pobytu na JIP
- delsi doba UPV

- infekéni komplikace

" mortalita

Rubinson CCM 2004; Villet Clin Nutr 2005;
Dvir Clin Nutr 2006; Petros Clin Nutr 2006



Heidegger CP, Berger MM, et al: Optimisation of energy
provision with supplemental parenteral nutrition in
critically ill patients: a randomised controlled clinical

trial. Lancet 2013; 381: 385-93

ICU admission

Indirect calorimetry

SPN+EN
1DI:I_I
804
g .
L e e o
w1
'S .
e
a
8 40 .
¥ c 2
20 — = E , 3
53 Intervention period Follow-up
D &
E B
¢
0 ! | | | | A |
A 1 3 A 4 5 b 7 28
Days since ICU admission

THE LAMLCET




pozor na overfeeding
(SPN-2, 2017)

nadmeéerné mnozstvi bilkovin:

*azotemie, hypertonicka dehydratace,
hyperamonémie, metabolicka acidoza

nadmeérné mnozstvi glukozy:
*hyperglykémie, hyperkapnie, jaterni steatoza
nadmérné mnozstvi tuku:

*hyperlipidémie, fat overload syndrome

TPN vyssi riziko nez EN



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)



kontrola glykémie

* hyperglykemie skodi

* hypoglykemie zabiji



glukoza a insulin

inzulinova rezistence je evolucnim
mechanismem umoznujicim prezit akutni stres

nouzovym energetickym substratem je glukoza

enteralni absorbce substratu je v akutni fazi
zpomalena

prilis mnoho glukozy v akutni fazi skodi, externi
privod energie v akutni fazi asi nema
opodstatnéni

hypoglykémie zhorsuje prognozu

Preisler J Ch, ESPEN 2015



farmakonutrienty

glutamin:
* popaleniny >20%
* trauma

n-3MK:
* pouze nutricnich davkach

vitaminy a stopové prvky:

* povinny doplnék PN

* neni nutné suplementovat pri plné EN
* vitamin D pri deficienci



HAT: vitamin C, thiamin, hydrokortizon

Marik P., et al.: Hydrocortisone, Vitamin C, and Thiamine for the Treatment of
Severe Sepsis and Septic Shock: A Retrospective Before-After Study. Chest
2017;151(6):1229-1238

* n=47
* hospital mortality 8.5% vs. 40.4% (P < .001)

* casna aplikace vitaminu C s kortikosteroidy a thiaminem snizuji progresivni
organovou dysfunkci véetné AKI a snizuji mortalitu u patientu se septickym
sokem

Fujii E., Bellomo R.: Effect of Vitamin C, Hydrocortisone, and Thiamine vs
Hydrocortisone Alone on Time Alive and Free of Vasopressor Support Among
Patients With Septic Shock: The VITAMINS Randomized Clinical Trial. JAMA
2020, Jan 17. Epub

* n=216, septicky sok
* mortalita 90 d. 28.6% v. 24.5% (HR 1.18; 95% Cl, 0.69-2.00)

* vitamin C, hydrokortizon a thiamin nemaji vliv na zvladnuti septického sSoku ve
srovnani s hydrokortizonem samotnym



V casnée fazi kritického onemocnéni
neni dosazeni plné vyzivy prioritni;
(o to vétsi 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



o cem se mluvi

Koekkoek M., van Zanten, A., et al.: Timing of PROTein INtake and clinical outcomes of
adult critically ill patients on prolonged mechanical VENTilation: The PROTINVENT
retrospective study. Clin Nutr 2019; 38, 883-890
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Reignier J., et al.: Enteral versus parenteral early nutrition in ventilated adults with shock:
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Reintam Blaser A., et al.: Early enteral nutrition in critically ill patients: ESICM clinical
practice guidelines. Intensive Care Med2017; 43, 380-398.

Weijs P.: Route, early or energy? Protein improves protein balance in critically ill
patients. Crit Care2018; 22,91

Wischmeyer p., et al.: A randomized trial of supplemental parenteral nutrition in
underweight and overweight critically ill patients: the TOP-UP pilot trial. Critical Care
2017;21(1):142



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 2019; 38: 48-79



... pro pokrocilé

Metabolic support in the critically ill:
a consensus of 19

Jan Wernerman , Kenneth B. Christopher, Djillali Annane,
Michael P. Casaer, Craig M. Coopersmith , Adam M. Deane,
Elisabeth De Waele , Gunnar Elke , Carole Ichai, Constantine J.
Karvellas, Stephen A. McClave, Heleen M. Oudemans-van
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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 energie v inicialni fazi nepotlaci
endogenni glukoneogenesu

* Prehnana nutricni intervence v akutni fazi muize

podporovat neucelny hypermetabolismus (futilni cykly) a
interferovat s autofagii



... 2a soucasného stavu znalosti:

* Snaha o zachovani integrity strevniho epitelu a tim i
bariérové 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 Sokoveho stavu.

* PN je bezpecna alternativa EN v pripade, ze je tato
kontraindikovana.



... 2a soucasného stavu znalosti:

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

Dostatecny privod bilkovin se podle soucasné urovné poznani
zda byt dulezitéjsi nez privod energie

Pozor na sarkopenickou obezitu. Z nedostatecného privodu
energie a N trpi nejvice nemocni s BMI < 18 a > 35.

Suplementace iontu, stopovych prvku a vitaminu je nedilnou
soucasti nutricni podpory.



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
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SKVIMP

SPOLECNOST KLINICKE VYZIVY
A INTENZIVNI METABOLICKE PECE

oaralelni bloky

nozvani zahranicni hosteé
posterova sekce

recentni doporuceni

sekce nutricnich terapeutu

sympozia "hands on"
satelitni kurz IPVZ “Akutni metabolické stavy”

Hradec Kraloveé 2.-4.4.2020, Nové Adalbertinum
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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 vysledkim
EPaNIC (2011): ¢asna vs. odlozena PN bez vlivu na mortalitu
SIGNET (2011): glutamin bez efektu, selen mozna snizuje infekce

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

SPN (2013): kratSi doba UPV pri 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 pri agresivni plné EN
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