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Cile prednasky

m Ukazat vyznam glykokalyx (GCX) v kontextu
soucasne klinické mediciny a aktualniho stavu
vedeckeho poznani ...

m Naucit se “vnimat” dopad nasich béznych
intervenci i z pohledu mozneho ovlivhéni GCX

m Diskutovat koncept modulace/prevence
poskozeni GCX jako jeden z moznych
obecnych cilu nasich “bedside” postupu v
budoucnu ...



Ale nejenom to, rovnez ...

... ukazat GCX jako jednu z fascinujicich a
dosud plne nepoznanych oblasti vaskularni
fyziologie, kde cokoliv s naSimi pacienty
délame, ma/muze mit nejenom okamzity efekt,
ale s maximalni pravdepodobnosti (a v souhre
s ostatnimi nechanismy) muze ovlivnit stav
organovych funkci po zbytek zivota ...



... prinesu ale vice otazek nez
odpovedi typu “co tedy delat jinak”




Obsah

1) GCX — zakladni udaje

2) Poskozeni GCX — soucCasna evidence

3) GCX jako "novy” cil IéCby ?

4) GCX — kde je jeji “misto” v hasem
Klinickem uvazovani ?

5) Co je zakladem “GCX friendly
approach”?



Zakladni udaje o glykokalyx



Co je endotelialni glykokalyx?

Negativné nabita hydrofilni gelovita sit polysacharidd
pokryvajici vnitrnim povrch cév

Sestava z glykoproteinu, proteoglykand,
glukosoaminoglykanul; obsahuje heparan sulfat a hyaluronan

K endotelu je ukotvena exprimovanymi molekulami

Je nasycena rozpustnymi slozkami plasmy (alboumin!) —»
endotelidlni povrchova vrstva

Predstavuje samostatny a objemny
intravaskularni kompartment (700-1700 mi
— cca 25-50% objemu plasmy)

(Modifikovano, dia prof. Cvachovec)



Schema endotelialni glykokalyx a jejich
hlavnich slozek
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Endothelial glycocalyx protects the vessel wall
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Electron micrograph of myocardial capillary

van den Berg, Vink & Spaan, Circulation Research 2003, 92: 592-594
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Healthy GCX and its functions

glycocalyx under physiological condition

glycocalyx

endothelium

VCAM / ICAM subendothelial
anti-thrombin space
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Limited interaction of blood with endothelial surface
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Distance of RBCs to vessel wall — effect of glycocalyx damage
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Measuring the Glycocalyx

B Healthy glycocalyx

A

Damaged glycocalyx

A

Glycocalyx
Red blood cel

PBR PBR

Perfused Boundary Region = PBR
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Poskozeni glykokalyx

Jak vypada, kde a kdy jej Ize
ocekavat ?



Light-dye damage of glycocalyx

Glycocalyx damaged

Intact glycocalyx by oxidative stress

Fluorescence Fluorescence

Vink and Duling, Circulation Research 1996, 79: 581-589
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Atherosclerosis develops at sites with thin glycocalyx
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Sites of ‘low or irregular flow” in macrovessels are associated
with ‘thin’ glycocalyx (and atherogenesis etc)

David A. Steinman, Univ. of Western Ontario, Canada
http://www.imaging.robarts.ca/~steinman/ Van den Berg 2006
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Hypoperfuze
Low shear stress = less glycocalyx production

Glycocalyx- production

low »  normal
Blood flow

Gouverneur 2006
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Consequence for endothelial function when glycocalyx is damaged

Impaired shear-mediated
NO-release
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Mochizuki & Vink, et al. Am J Physiol - Heart Circ Physiol 2003, 285:722-726
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Glycocalyx damage— edema and loss of capillaries

1) decrease in capillary 2) Decrease in number of
diameter by perivascular _ perfused capillaries
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Increased leukocyte adhesion
after enzyme degradation of the glycocalyx

Alina Constantinescu 2003
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Glycocalyx damage

Inflammation
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The Glycocalyx in Disease
perturbed glycocalyx
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Dusledky poruseni glykokalyx

T kapilarni permeability, tkafiové
otoky

shlukovani trombocytU, adhese
leukocytu

proinflamatorni stav
hyperkoagulabilita

ztrata cévni reaktivity a autoregulace
(mikrovaskularni dysfunkce)

(Modifikovano, dia prof. Cvachovec)



Jaka je dynamika zmen GCX ?

Septic Shock - patient A1 (non-survivor)
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(Modified, slide by courtesy of Hans Vink)



Co vede k poskozeni glykokalyx
(a co vime jiste)

- Ischemie/reperfuze

- Hypoperfuze/“low flow states”
. Sepse/zanet

. Hyperglykemie

- Mimotelni obeh

- “Bezne a znamé’ rizikove faktory
vetsiny tzv. civilizacnich chorob



PBR {microns)

Reproducibility and ongoing clinical studies
(Diabetes N = 15 per group)
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Reproducibility and ongoing clinical studies
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Co muze modifikovat stav glykokalyx
(dat malo nebo zadna)

. Zpusob a typ tekutinové terapie ?
. Aktualni nebo dlouhodoby metabolicky stav

- Navozena zmena homeostazy ? (co napr.
TTM ?)

. Postupy organove podpory ?

- Postupy metabolické podpory (tukove emulze
2

- Farmaka ktera bezne pouzivame ?
- Anestezie a jeji techniky ?



Anestezie — mozna vetsi viiv
nez si myslime ?

Acute Degradation of the Endothelial Glycocalyx in
Infants Undergoing Cardiac Surgical Procedures

Dirk Bruegger, MD,* Florian Brettner, MD,* Isabel Rossberg, Claudia Nussbaum, MD,
Christian Kowalski, MD, Katarzyna Januszewska, MD, Bernhard F. Becker, MD, PhD,

and Daniel Chappell, MD

Department of Anesthesiology and Dr. von Hauner Children’s Hospital, University Hospital of Munich, Munich; Department of
Cardiac Surgery, University of Munster, Munster; and Walter-Brendel Centre of Expenmental Medicine, University of Munich,

Munich, Germany

(Ann Thorac Surg 2015;m:m-m)
© 2015 by The Society of Thoracic Surgeons
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GCX jako novy cil “lecby” ?



Ano, ale ...

... zatim spise ve smyslu zmeény
naseho mysleni, zvazovani mozného
dopadu nasich postupu i na glykokalyx
jako klicovou soucast vaskularni
homeostazy, nez ve smyslu ...

... podam nejakou latku, tim “zlepsim”
GCX a budu cekat ze vse dopadne
"dobre”



Farmakal/latky s prokazanym
protektivnim efektem na GCX

. Kortikoidy

- Albumin
. Metformin

- Antioxidancia (NAC)
- Heparin
. “GCX supplements”
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“Bad” GCX = always “bad” outcome
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(Modified, slide by courtesy of Hans Vink)



Good GCX = good
outcome not guaranteed




Kde je misto GCX v nasem
uvazovani ... ?

Melo by byt vsSude, protoze ...



1) Integrita GCX je zakladem vaskularni
homeostazy

2) Stabilni vaskularni homeostaza je
podminkou spravne organove funkce

3) Porucha GCX je spojena s poruchou
organovych funkci (v mire umerne
stupni poskozeni GCX ?)

4) Soucasnha evidence naznacuje, ze
nase intervence mohou vyznamne
ovlivhovat GCX



Summary for general knowledge

v’ Glycocalyx is a protective coating of the vessel wall

v" Clinical video-microscopy measures PBR to detect glycocalyx
damage

v PBR increase reflects reduction of the Glycocalyx layer

v PBR increases with aging, smoking, poor diet, diabetes, renal
disease, cardiovascular disease, stroke and sepsis

Could the thickness of your glycocalyx layer be modulated with
life style changes and/or glycocalyx supplements?

1/30/2015 G|yC.Ca[yX (Modified, slide by courtesy of Hans Vink)
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GCX protective approach on
ICU ?

What are the key parts ?



“Elementary, my dear Watson”
(jak snadne, mily Watsone ...)




1. VCasna identifikace abnormality
fyziologickych funkci

2. VCasna identifikace priCiny
kritického stavu a jeji eliminace

3. Vcasna intervence s cilem
normalizace homeostazy

4. Minimalizace vykyvu homeostazy
po stabilizaci stavu
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