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Premorbid Condition(s)

« Chronic disease (e.g. obeasity,
dighetes, CKD, COPD, CHF etz.)

Critical lliness

shock, ARDS, Sepsis, Trauma
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Stresovy

metabolismus

Ebb faze
Hemodynamicka nestabilita

Hormonalni zmény (sym, HHA osa)
Pokles REE

Flow faze

Vzestup REE

»Flight or fight*

Katabolické h >>> Anabolickymi
Gluconeogeneza, E pro vitalni organy
Svalovy katabolismus, ICU AW

Recovery faze
Anabolicka faze
Resyntéza posSkozenych tkani

Injury

Ebbphase  Flowphase  Recovery
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Hours Days Weeks

Shock Catabolism  Anabolism

Phases of the physiological response to injury



Anabolicka / inzulinova rezistence
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...Jak jde Cas

2006/ 2009 guidelines

« Casna plna nutrice potla&i
katabolismus

e Start enteralni vyzivy do 24 hod

* Dosazeni E cill 25kcal/kg/den,
protein 1,3g/kg /den do 2-3 dnu
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* Tolerance
underfeedingu
7dni, nez PEV

2019/upgraded 2023 guidelines

Zahajit low dose enteralni nutrici do
48hod

E cill dosahnout v pribéhu 3-7 dni

Nelze-li je dosahnout doplnkova PEV
zahajit mezi 4.-7.dnem /misto 2.dne

Pred Nutrirea3




EN + PN start day EN start day PN start day

2007
2008

2009

- Casna doplikova PEV horsi Outcome, delsi UPV, organova
2::12 podpora/ PICS
% z::j THM: VSechny studie prokazuji negativni efekt Casné plné
2015 vyzivy. V akutni fazi je nutny underfeeding!

2016 g 4 J : ¢ o 2 <+ J 4 0

“Nutrirea-2 ¥ Sl Early dose dependent harm, neni rozdil mezi enteral x
parenteral

2018
2019
2020

2021

_ soz2 Casna (v1. tydnu) high-dose nutrition (25 kcal/kg/day a 1.0-
i LGN | o g protein/kg/d) versus low-dose nutrition (6 kcal/kg/day a

0.2-0.4 g protein/kg/d)
NU, komplikace v high-dose skupine

negative neutra

Effect more vs. less cal

Effect (early fu

Man A, Gunt J,Blaser AR. Nutrition in the ICU.from the acute phase to beyond. Intensive Care Med (2024) 50:1035-1048



Akutni faze

- katabolismus/ anabolicka rezistence

* Snaha o Casny plny prijem
 Zpomaluje zotaveni

Utlum autofagie

Zakladni proces pro reparaci

je to mechanismus zcela nezbytny
pro umoznéni prechodu do anabolické faze!!

« Utlum ketogeneze
Alternativni zdroj E

Signalni fce, aktivace autofagie

svalova regenerace

Hyperglykémie iatrogenni

Gunst et al. Critical Care 2023

Acute critical illness

Health and recovery
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ANABOLIC RESISTANCE

Muscle catabolism
Liberation of amino acids
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Macronutrients
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— (Gluconeogenesis

FEEDING RESPONSIVENESS ‘

no acids
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Macronutrients

!

t Glucose — 1 Hyperglycemia
t Lipids — 1 Hypertriglyceridemia, liver dysfunction
t Amino acids — 1 Hyperuremia

Suppression of autophagy and ketogenesis

Glucose and lipids: energy substrate, excess
stored in glycogen and adipose tissue
Amino acids: muscle anabolism

Suppression of autophagy and ketogenesis
(intermittent in normal diet)




Jak pokryt nutricni potreby pacienta na ICU?




Jak na ICU postupovat?

* Kdy zah3jit vyzivu?

* Po stabilizaci stavu, eliminaci Soku (nizky laktat, stabilni mala dévka vazopresort nevadi)

e Zahajime trofickou EN (doporuceni do 48 hod)

* Trofickou, tj 10-20mUl/hod (podpoti trofiku stieva, sekreci enteralnich hormontl, nepokryje E potieby)
* VV uvodu izokaloricka nutrice ( Tkcal/ml) nhyperkalorické GIIT, hyper glc

* Je-li EN tolerovana pomalu za kontroly tolerance navysujeme

e Start hypokaloricky: x vyhnout se casné plné vyzive EN i PN

* Ecca10kcal/kg/den (20ml/24h.. 480kcal + glc + propofol (1,1kcal/ml))

* B0,6-0,8g/kg/den za kontroly tolerance

* GIIT. Gastrointestinalni intolerance: znamky gastroparézy, GRV> 500ml/ 6 hod,
elevace IAP, bolest..stop/redukce..prokinetika..Postpyloricka vyziva



Trvani jednotlivych obdobi? Prechod katabolismu/anabolismu?

Time point ICU Early Continuing ICU ICU
admission ICU stay ICU stay

Hyperglykemie
Potfeba inzulin

i Refeeding New hit?
Consider/check ENpd Urea/kreat, Nbil pqgo! h f 04
ophosphatemia? .g. shock
TAG, CRP. ypophosp (e.g. shock)
Potf. vazopresor( -

No nutrition

. Low-dosk rogressive Temporarily reduce | Consider temporarily

(glucose if point? EN2 increase macronutrient reducing or stopping

hypoglycemia) pward target® intake®; correct macronutrient intake
elektrolyte

Macronutrients abnormalities

EN not possibi¥;

pw dose glucose
kofaktory rady N0 non-nutritional pokles
enzymal, ATP oneruy EN insufficient: || 0,16mmoUL
produkce start N nebo pod
antioxidanty 0,65mmol/

imunitni obrana

: S
Micronutrients| genova transkr  [laintenance dose® | Maintenance dose® m%aﬁ"ggsc: g,og?) Maintenance dose®

blE 0 s 0 e g o phase to bevond s e Care 2g 024) 50:10
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Vypocty, postupna navysovani a
sledovani pacienta?
Nebo monitorace REE indirektni
kalorimetrii?
IC: (-) dostupnost, time, zkusenost
( + )REE, pouziti RQ odliseni
underfeeding x overfeeding

TICACOS V casné fazi vyhody IC
nepotvrdila

Moonen et al. Journal of Intensive Care 2021

¢ Energeticka potreba

A.
Energy expenditure in Critical lliness
Baseline energy expenditure

Ebb Flow Conv alscence
B.
m— Contribution endogenous energy
/\ Contribution exogenous substrate
Energy expenditure in Critical lliness
Baseline energy expenditure
Acute Chronic Convalescence



Bilkovinna 00 treba ? Urea-to-creatinine Ratio in critical illness

UCR: maker proteinové tolerance Urea Creatinine
Prechod katabolické do anabolické faze Protein Turnover and Urea Synthesis Creatine production
Amino acid release from  Exogenous Creatine is produced in the '
N muscle protein breakdown  amino acids liver, kidneys and pancreas

Urea: produkce v jatrech, end- produkt I | from amino acids
metabolismu bilkovin amoniak- |
detoxikace urea t Amino Acids = 4 Ammonia
Proteinovy katabolismus (endogenni , ' :
zdroj) Urea cycle in the liver s Creatinine production
Overfeeding, pretizeni B (exogenni zdroj) Creatine is stored in muscles,

. ' . - e and during the formation of
Kreatinin: zdroj svalovina, end-produkt = creatine phosphate, creatinine
kreatinP — is created as a byproduct
Proteinovy katabolismus, ICU AW- pokles | : !
kreatininu Increased UCR during critical illness due to
Fce ledvin, GFR, kreatinin/cystatin UREA Muscle catabolism CREATININE | Decline in muscle

T (amplified by high-dose mass during ICU stay
glucocorticoids)
MUCR: overfeeding, protein katabolismus t Impaired utilisation of . Ps,-_._:l
exogenous amino acids A A

"B 3

Anabolicka rezistence, vySsSi mortalita



Urea cykle- degradace bilkovin v jatrech
cyklus enzymatickych kroku metabolizujici toxicky amoniak na netoxickou ureu

Other possible causes of UCR changes
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Hypovolemiaor || Upper Gl bleeding | | Protein overfeeding | | Liver dysfunction || Renalinjury |

heart failure @

M \ 2

| Excessive nitrogen Excessive h'rtrogen ~ Impaired urea ' Tubule and collecting
compounds || compounds cycle duct dysfunction

RAAS-activation

TUrea reabsorption | T Urea production T Urea production | l Urea production lUrea reabsorption

Excreted in urine Paulus MC et al: The urea- to creatinin ration as an emerging biomarker in Critical
care_ a scoping review and meta-analyses. Critical Care 2025




Role nutrice a rehabilitace

Akutni faze

 Kababolismus: sym, HPA (katecholaminy,
kortizol, glukagon)

* jnzulinova/anabolicka rezistence

* Pozvolna navysovat E a protein

* Epigenetika, fenotypizace, personalizace
terapie

* N ztraty 20g /den
20g x 6,25=125g AMK x 25= 500¢g svalli

Late -ICU a Post-ICU faze
Vysoké potreby E, proteinu
30kcal/kg/den,

1,5-2g bilkoviny/kg/den
Nutricni podpora po propusteni
Post- ICU ambulance

proteins {g/kg/day)

Set at 70% of
predictive equations or
100% of indirect
calorimetry

Target 1
Day 4 -100%

Proteins

Minimum protein intake 1.3
gr/ka/day. NB: During enteral
nutrition target achieved is
lower (80-85%) consider 15
grams/ko/day

Increase to 125% of predictive  Increase to 150% of predictive
equations or 125% of indirect ~ equations or 150% of indirect
calorimetry or 30 keal/kg/day  calorimetry or 35 keal/kg/day

Target 3

Target 2 Convalescence Target

Post ICU Target

calories

proteins

Increase protein intake to Increase to 2.0-2,5 grams of
15-2.0 grams of protein/kg/day. Consider
protein/kg/day. Consider prolonged enteral nutrition,
prolonged enteral nutrition, oral  oral nutrition supplements or
nutrition supplements or protein supplements

protein supplements

calories (kcal/day)



Jak splatit ICU dluh?




Moisey et al. Critical Care (2022) 26:270

https://doi.org/10.1186/513054-022-04143-5 Critical Care

REVIEW Open Access
.. . ) )
The role of nutrition rehabilitation o or

in the recovery of survivors of critical illness:
underrecognized and underappreciated

Lesley L. Moisey'", Judith L. Merriweather? and John W. Drover?

ICU

Pre-- 1 (+/- Hs?;}t_al
Admission | ¢ mechanical :
| i S Discharge
- ), ventilation)
I | | J £ — l
I I 2 l
PRE-CRITICAL ACUTE CHRONIC EARLY (WARD-BASED) EARLY= LONG-TERM
ILLNESS PHASE CRITICAL PHASE OF RECOVERY RECOVERY
OF ILLNESS
CRITICAL > 14 DAYS

ILLNESS INICU



Post ICU faze

Problémy, nizky nutricni prijem:
Nechut k jidlu, brzky pocit plnosti, nauzea, prujmy
Dysfagie OPD: 84 % pacientl post-extubacné (dlouhodobé
OTI,TCHST), riziko aspiraci

Neschopnost se nakrmitaz 1/3 Nutriéni terapeut

Deprese, PTSD, ORL, logoped
Poruchy spanku-doba jidla, bolesti (FEES)

RHB, neurokognice
ICU AW Psychiatr

Ztrata LBB, sek. sarcopenie Klin farmakolog




Adekvatnost prijmu kalorii a proteinu
p.0. prijem-dieta u post-ICU pacientl
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Mot
measured

. Adeguacy of calorie intake (%)

. Adequacy of protein intake (%)

Nematyet al, 2006 Peterson et al, 2010 Chapple et al, 2016  Ridleyet &, 2019 Wittholz etal, 2020 Moisey etal, 2021

[19]

[20]

[25]

[31]

[33] (34]

E 55-75%
P 27-74%

Progrese deficitu

U pokracujici
Enteralni nutrice

E 62-104%
P 59-100%

Neodstranovat sondy
predcéasneée




Adekvatnost prijmu kalorii a proteinu
po propusténi pacientu

Bez intervenci Sledovani, post ICU amb

E kcal 70 % Ekcal 113 %
Protein 69 % Protein 90 %

Salisbury L, Merriweather J, Walsh T. The development and feasibility of a ward-based physiotherapy and nutritional
rehabilitation package for people experiencing critical illness. Clin Rehabil. 2010;24:489-500  ZA 3 MESICE PO
PROPUSTENI




Post ICU faze

Predani pacienta z JIP na stand.odd.

- Soucast propousteci zpravy
Cile (E kcal ,B g /den)
Typ vyzivy dieta, sipping, sondova vyziva, doplnkova PEV
Péce NT —vyberove diety, AA, OPD- textura, zahustovadla,
pomucky..
Zapojeni pacienta, rodiny!!!




Jak nastartovat anabolismus ?




Bolus vs
continuous

feeding

* Metabolické abnormality a
komplikace spojené s kontinualni
enteralni nutrici

* Pokles proteosyntézy, CIM

* Endokrinni abnormality GIT
hormony (GIP, GLP-1, CCK)

* entero-hormonalni odpovéd
* Snizené uvoliovani inzulinu

* |Inzulinova rezistence

* Hyperglykemie

e Steatosa jater, inflamace

* Akalkulézni cholecystitida

e Atrofie tenkého streva

The traditional method of continuous tube feeding is illogical,
stupid and quite likely harmful

Paul Marik MD. Intensivist, 195800

Paul Ellis Marik

Evidence-Based
Critical Care

.

Third Edition




i Ghreli )
relin
Stomach o
L Growth hormone release
~ — Duodenum . g
Cholecystoklnm. Acid scretion
Gall bladder contraction \ h
Gastrointestinal motility Pancreas
Pancreatic exocrine e ~\
secretion Insulin and glucagon
Secretin i Glucose homeostasis
Pancreatic exocrine » 6/‘ Pancreatic polypeptide
E nt ero ] secretion \_\\/;\/\ " = Gastric motility
/ O - Satiation

hormonalni
O d p OVé d' Small intestine

- A \
\ J
’
- n
GLP-1

Incretin activity
Satiation
GLP-2
Gastrointestinal motility
and growth
Oxyntomodulin
Satiation
Acid secretion

PYY3-36
Satiation

Colon

© 2007-2011 The University of Waikato | www.sciencelearn.ora.nz



Anabolicky vliv bolusu, stimulace mTOR- sou¢asné s RHB

Postabsorptive

Postprandial

Young Old

Protein Synthesis

Protein Breakdown

Net Protein Balance: = -

Young  Old

Stimulus MPS
Cviceni
+ jidlo
(BCAA, Leu, HMB)
vzroste MPS az o 300%
/mladi zdravi na dobu

45-90min

MUSCLE FULL EFFECT




Imunonutrice, stimulace anabolismu

PICS
Persistent Inflammation
Immunosuppresion
Catabolism
Syndrome

Antioxidanty
Mitochondrial- target Ubiquinon

Melatonin
Vitaminy D,C,B

Arginin
Glutamin
Omega3MK

Anabolika

Propranolol
Oxandrolone
Testosteron
IGF-1

Antiinflammatorni leky
Inhibitor IL1R Anakinra
Inhibitor IL6R Tocilizumab

KREATIN

Probiotika




Jak splatit ICU dluh?

Protrahovana nutricni podpora- post ICU

REHABILITACE

Predoperacni priprava- nutrice a rehabilitace
PREHABILITACE




Dekuji za pozornost



