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Sval

* Hmotnostné nejvice zastoupeny
organ

e Adaptivni organ- rce na
katabolické stavy, vek

Optimalni sloZeni téla

Zakladni slozky Muzi Zeny
Voda 62,4 % 96,5 %
Mineralni latky 5.8 % 53%
Svalovina 16,5 % 15,2 %
Télesny tuk 15,3 % 23,0 %

Funkce:
pohyb
posturalni fce

metabolicky a endokrinni organ
-zdroj karbohydratu: glykogen

- zdroj bilkovin, AMK, stres metabolismus
GLUT4, glykolyza

Oxidativni fosforylace

Proteinturnover (MPS, MPB)
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Adipose tissue
IL-6, ANGPTL4 —» adipocytes

Sval jako endokrinni organ
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Are we creating survivors. . .or victims in critical
care? Delivering targeted nutrition to
improve outcomes

Paul E. Wischmeyer

Mnozstvi svalové hmoty vyrazne

ovlivhuje prognoézu




Sarcopenie

* S vékem progredujici ubytek svalové hmoty
(CSA) a svalové sily

e Zhorseni fyzické funkce

e Zacatek manifestace po 55 roce

* Variabilni, RF: styl zivota, trénovanost, dieta

* Po 50. roce ubytek sval hmoty o0 1% /rok Incidence sarcopenie

nebo 8 %/dekada Vék 65 let 30%

, - 80 let 50%
* Pokles sval sily 0 1-5% rocné ’

Cruz-Jentoft et al. EWGSOP2 Europian Working Group on Sarcopenia in Older people, Age Ageing 2019



Priciny sarcopenie...proteinturnover, pokles proteosyntézy
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DXA dual X-ray absorptiometry

ALM (apendicular lean mass)
Low lean mass < 19,75kg muzi < 15,02 kg zeny
ALM/h2 cutt off: < 7,23 kg/m2 muzi < 5,67 kg/m2 Zeny

BIA bioimpedance analysis

sceletal muscle mass
ALM %

body muscle mass

ALM/h2 < 7,0 kg/m2 muzi < 5,7 kg/m2 Zeny

Handgrip strength
< 30kg muzi < 20kg Zzeny



49F BMI 29.1 SMI 47 .4cm?/m? 42F BMI 29.2 SMI 37.0cm?/m?
Normal Muscle Mass Sarcopenia




Sarcopenicka obezita

e —— . Aging / Obesity
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Cruz-Jentoft AJ, et al . EWGSOP Age Ageing 2010; 39:412-23.



Polyneuromyopatie kriticky nemocnych
CU-AW

* Rychly nastup svalové slabosti (AW)

* Ubytek svaloviny
e Axonalni postizeni (CIP)
* Svalové postizeni (CIM)
* Proximalni pletence koncetin, branice, zvykaci svaly
* Na JIP: protrahovana ventilace, VIDD,
* Obtizna RHB-vertikalizace, dysfagie

Herridge et al:

U pacientd stp ARDS ICU-AW

Pretrvavani 1 rok po propusténi

Neuplné zotaveni dokonce az 5 let po propusténi




Patofyziologie |ICU-AW

* Multifaktoridlni priciny zaniku axonu, myofibril:
 Inaktivace Na kanald, trvajici depolarizace

e Dysfunkce mikrocirkulace

* Mitochondrialni postizeni

* ROS, zanet

e Sepse a protrahovany zanét

* latrogenni vlivy:

* Kortikosteroidy
* Analgosedace
* Imobilizace

. Z(IJ\%\;% Zl\g, Kohout P., Molecular mechanisms underlying Intensive Care Unit Acquired Weakness and Sarcopenia,



Patofyziologie ICU-AW

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

* inzulinovd/anabolicka rezistence

Utlum Proteosyntézy <<< Aktivace proteolyzy
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Kanova M, Kohout P,, Molecular mechanisms underlying Intensive Care Unit Acquired Weakness and Sarcopenia, IJMS 2022



ICU AW - upregulace proteolyzy
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osa TNF, NFkB, UPS
(MURF1, atrogin-1, S6
proteasom)
proteolyza

Glukokortikoidy,
myostatin
proteolyza

Ztrata svalové hmoty: 20g N x 6,25 (AMK) x 125 (sval)= 0,5kg svalové hmoty denné

Inaktivace osy
IGF-1, inzulin — AKT
Utlum proteosyntézy MPS
Utlum ( AKT- FoXO —P,
inhibice proteolyzy)-
odblokuje MPB




Perzistujici zanét, imunosuprese, hyperkatabolicky stav

Herridge etal: U pacientl stp ARDS ICU-AW Pretrvavani 1 rok po propusténi
Neuplné zotaveni dokonce az 5 let po propusténi

Chronic critical
illness
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Pobyt na JIP déle nez 14 dni

7 . . =
Opakované hospltal!zace na JIP ses: DAMPE and PAMPS Zhang et al. Frontiers in
30-50% rozvoj PICS * ‘e nutrition 2022




Rousseau et al. Crit Care (2021) 25:108

https://doi.org/10.1186/s13054-021-03535-3 Crltlcal Ca re
Short- term outcomes

VIEWPOINT Open Access

) Pokles 28 denni mortality
Long-term outcomes after critical iliness: Sy U sepse
. . ARDS
recent insights e
Anne-Francoise Rousseau', Hallie C. Prescott?, Stephen J. Brett™, Bjorn Weiss™®, Elie Azoulay’, Jacques Creteur®, Zkraceni hospitalizace na ICU

Nicola Latronico™'?, Catherine L. Hough'', Steffen Weber-Carstens®, Jean-Louis Vincent® and
Jean-Charles Preiser®'?

Post Intensive Care Syndrome PICS

Physical impairments

ICU-AW, Sarcopenia

Dysfunkce, intolerance zatéze 25-80 %
Cognitive impairments

Delirium, Dementia

_ Postizeni pameéti, vyjadfovacich schopnosti, zrakovée

R
21
&
5
'
€ prostorovych schopnosti 30-80 % .

.E. Mental impairments =
PTSD-post traumatic stress disorders '

Depression, Anxiety 50-70 %




Long-term outcomes

Long Term

Akutni kriticke
onemochnheni

=)

Chronicke
kritické
onemocneni

Sepse, polytrauma, ARDS...

Katabolické hormony
Prozanétlive cytokiny
ROS
Poruchy mikrocirkulace
Mitochondrialni postizeni

MODS- organova podpora

Qol

Persistent Inflammation
Imummunosupression
Catabolism
Syndrom

AZ 40 % do 12 mésicli po propusténi z
ICU umira

Témeér % setrvava v chronickém
kritickém stavu

AZ 40% propusténych - do 3 mésicti
rehospitalizace

Dalsi % vyzaduje néjakou z forem

nasledné péce Inoue 2015,
P ) Wishmaver 2017
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A B Coordination
Airway Breathing of care and
management trials Communication

Delirium Early
assessment mobility

Rizika hluboké sedace

* Nebezpeci zustat v posteli

[ Freamddhenel= Prodlouzena UPV
Mikroaspirace
Kardialni deprese
Poruchy mikrocirkulace
Dekubity
ICUAW
Prolongované delirium

I feel like staying in bed

forever \ and ever....

\ L PICS




Role nutrice
a rehabilitace

e Zakladni vyznam pro
prevenci PICS

* Polyneuromyopatie kriticky
nemocnych

e Kvalita zivota

e Sobéstacnost
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Akutni faze

- katabolismus/ anabolicka rezistence

Snaha o casny plny prijem

Zpomaluje zotaveni

Utlum autofagie

Zakladni proces pro reparacl

Utlum ketogeneze

Alternativni zdroj E

Signalni fce, aktivace autofagie

svalova regenerace

Gunst et al. Critical Care 2023

Acute critical illness

Timing?
Health and recovery

N

ANABOLIC RESISTANCE

Muscle catabolism
Liberation of amino acids

rd :’h\
Macronutrients

!

— > (luconeogenesis

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

Suppression of autophagy and ketogenesis

FEEDING RESPONSIVENESS ‘

Mus llsm . Gluc%&sis
Liberati ino acids

Macronutrients

!

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)




Role nutrice a rehabilitace

Akutni faze

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

inzulinova/anabolicka rezistence

* Pozvolna navysovat E a protein
Epigenetika, fenotypizace, personalizace terapie

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

Post-ICU faze
* Vysoké potreby E, proteinu

* Nutri¢ni podpora po propusténi
* Post- ICU ambulance

protains (gl kgl day)

Y

Progressive Feeding
(Prevent Overfeeding)

5
DLUH

ICU AW

L/

dlories

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

Target 1
Day 4 - 100%

Proteins

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

Increase to 125% of predictive
equations or 125% of indirect
calorimetry or 30 keal/ko/day

Target 2
Post ICU Target

Increase protein intake to
1.9-2.0 grams of
protein/kg/day. Consider
prolonged enteral nutrition, oral
nutrition supplements or
protein supplements

Increase to 160% of predictive
equations or 150% of indirect
calorimetry or 35 keal/kg/day

Targat 3

Convalescence Target

calories

proteins

Increase to 2.0-2.5 grams of
protein/kg/day. Consider
prolonged enteral nutrition,
oral nutrition supplements or
protein supplements

calories (kcal/day)



Role rehabilitace

Pro-inflammatory
adipokines/cytokines

a nutrice

Inflammed

Adipose Tissue
St

RHB- tlumi

inzulinorezistenci Active Muscle
Mass

HP, protein shot
Leucin, HMB ANABOLISMUS

INFLAMMATORY

Bolusova vyziva
BALANCE

Vitamin D

Anti-inflammatory
miokines

Neurodegenerative
Insulin Resistance Diseases
Cardiovascular Chronic Kidney

Sarcopenia

Diseases Disease




Stimulace anabolismu

PICS A .
Persistent Inflammation , AnFIOXIdanty. .
Immunosuppresion Mitochondrial- target Ubiquinon
Catabolism Melatgmn
Syndrome vitamins
Imunonutrice: g o — ﬁ Anabolika
Arginin J)\,ki\'} = Propranolol
Glutamin Oxandrolone
Omega3MK Mikronutrienty TesltgsFteer”
A. Kofaktory enzym- viechny ]
metabolické drahy (proteind,
Antiinflammatorni léky sacharid i lipid) KREATIN
Inhibitor ILIR Anakinra B. Antioxidanty
Inhibitor IL6R Tocilizumab Probiotika




Prevence PICS

* Casna rehabilitace
* EMG
* Cycloergometrie- motomed

* Vibramoove- vibrace nad upony
svald,

aktivace kortikalnich map
e Zavedeni mobility protokolu
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Elektromyostimulace
EMG na KARIM FN Ostrava

Navyseni intenzity zatéze
Start anabolismu




Co muzeme délat na ICU jinak?
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v Rozli$eni katabolické/anabolické faze
v’ Kdy zaéit, kolik kcal, proteinu podat? -

v’ opakované hospitalizace, jak rychle tam?
Zatim neni monitorace, nové biomarkery

1. glc-potieba inzulinu /
inzulinorezistence
-glykace bilkovin:

(ROS, postizeni mitochondrii, postiZzeni autofagie...) glukoneogeneze/hyperglc

2. AMK-Ureageneza / kreatinin
v' Metabolomics : znamka proteolyzy
(intermedialni metabolity- (ubiquitin-proteazom/Cahil

metab cykly, autofagie, mikrobiom)

Zatim Spatné hodnotitelné- analytika, vzorky, metabolicka L. i . 3
variabilita 3. Lipidy: utlum lipolyzy

v Multi-omic metody budoucnosti ketolatky: \l,.PPAR\l, FAO | p0O2
Metabol-, transkript-, epigen-, gen-omin 4. P : refeeding

cycle)




Jak splatit ICU dluh?

Protrahovana nutricni podpora- post ICU

Predoperacni priprava- nutrice a rehabilitace
PREHABILITACE




Medical Research Council (MRC) Scale for Muscle Strength

The Medical Research Council (MRC) Scale for Muscle Strength is a commonly used scale for assessing muscle strength from Grade 5 (normal)
to Grade 0 (no visible contraction). It was originally described by the Medical Ressarch Council in 1943 — The MRC sum score was first
described by Kleyweq et al (1988) for use in the Dutch Guillain-Barre trial. This score was defined as the sum of MRC scores from six muscles in
the upper and lower limbs on both sides so thal the score ranged from 80 (normal) to 0 (gquadriplegic).

The Criteria requires that each of the six muscle groups listed in the table are examined bilaterally, each with a score from 0 to § according to
the scale in the right hand column.

Svalova sila rozsah sval pohybu, dg ICU AW
Musle  Scors0-5  MRCscaloformusclosvongth(©8)

MRC Sum score

Left
Shoulder abductors Grade 5: Mormal
Right
Lot Grade 4: Movement against gravity and resislance
eft
Elbow flexors Right Grade 3: Movement against gravity over (almaost) the full range
Left Grade 2: Movement of the limb but not against gravity
Wrist extensors
Right Grade 1: Visible contraction without movement of the limb (not
existent for hip flexion)
Left
Hip flexors Grade 0: No visible contraction
Right
Left MRC grade for each muscle given in full numbers: (4+/4.5 =4) (4-
& - -
Knee extensors =3 (5-=4)
Right
Left
Foot dorsiflexors P4
Right Max soucet 60b
<
Total (out of60) 48 b ...ICU AW

Vhodna spoluprace RHB pracovnika na PICS amb




Dékuji za pozornost
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