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Mikrocirkulace

Spravna funkce mikrocirkulace je hlavnim predpokladem pro adekvatni
oxygenaci tkani a tedy funkci organu
Mikrocirkulace je tvofena nejmensimi cévami (<100 ym primeér), a sklada se
z arteriol, kapilar a venul
Ucel

1) pfivadi okysli¢enou krev do tkani a zajistuje pfiméfeny Zilni navrat

2) udrzuje prutok tekutin tkanémi i pfi zméné systémovych tlakovych poméra

3) zajiStuje imunologickeé funkce a

4) spfazeni mistniho pratoku krve s mistnimi metabolickymi potfebami
Hlavni typy bunék

endotelialni bunky
hladké svalové buriky o

carrying oxygen

CirkUIUj I’CI’ krVinky :Se; . - A capillary

red blood cell




Mikrocirkulace

Struktura a funkce mikrocirkulace je rozdilna v ruznych organovych
systémech
Hlavni faktory kapilarniho prutoku

krevni tlak

tonus arteriol

reologické vlastnosti krve
prachodnost kapilar



Starling Equation

Whe ra

Jy = Ki [(P: - P;) - o(1m: - )]

iy Met fluid flux

I Filtration coefficient

Fe Capillary hydrastatic pressure
F; Interstitial hydraostatic pressure

T FReflection coefficient

TTe Capillary oncotic pressure
TT; Interstitial oncotic pressure
and

[(Pe - Fi ) - i, - mi] is the MNet driving pressure



Transport latek pres kapilarni membranu

10% volume to lymphafics,
and eventually returned to

90% volume returns to capillary
Outwardly directed
force: Inwardly directed force: osmosis
Hydrostatic pressure
Qutwardly directed
force:

il dirocied Hydrostatic pressure

force: osmosis Capillary

Arterial end Venous end

Figure 19-21 Starling’s law of the capillaries. At the arterial end of a capillary the outward
driving force of blood pressure is larger than the inwardly directed force of osmosis—thus fluid moves
out of the vessel. At the venous end of a capillary the inward driving force of osmosis is greater than
the outwardly directed force of hydrostatic pressure—thus fluid enters the vessel. About 90% of the
fluid leaving the capillary at the arterial end is recovered by the blood befare it leaves the venous end.

The remaining 10% is recovered by the venous blood eventually, by way of che lymphatic vessels (see
Chaprer 20).
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Na arterialnim konci kapilary je rozdil
hydrostatickych tlakli mezi
kapilarou a intersticiem vySsSi nez
rozdil onkotickych tlaku

zpusobuije filtraci
Na venoznim konci kapilary je rozdil
hydrostatickych tlakli mezi

kapilarou a intersticiem nizSi nez
rozdil onkotickych tlaku

zpUsobuje reabsorbci
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A. Capillary fluid exchange




Regulace dodavky krve

a) Kratkodoba regulace

Vazodilatace

NO - tvofen v endotelu konstitutivni
(eNOS) a inducibilni (iNOS syntazou)
prostacyklin

adenosin

katecholaminy

histamin

bradykinin

pO,, pCO,, pH

cGMP, cAMP

Vazokonstrikce
Endotelin

ATII

ADH

katecholaminy

Ca?




Zvlastni mechanismy

Ledvina L ..
Tubuloglomerularni zpéetna vazba A

Mozek _ _
Vazodilatace pfi zvySeném pCO2 v likvoru

K+
ATP—ADP/AMP

Kuize
Rizeni pratoku je spfazeno s regulaci télesné
teploty.

Plice
hypoxie - vasokonstrikce

Velké cévy
PredevsSim NO




Regulace dodavky krve

b) Dlouhodoba regulace
Dny, mésice az roky

Mechanismus

Cévy zasobujici tkané zvétsSuji svou
a. fyzickou velikost
b. pocCet

Angiogeneze (pupeny
z existujicich cév)
vs. vaskulogeneze (de novo)



Neovaskularizace

Dulezitost pro tkané s vysokymi metabolickymi naroky

Mechanismy

Zmnozeni cév ve tkani

Priklady:

jizva

nadorovy rust

v dobre diferencovanych tkanich pomaly proces
2.Vyvoj kolateralni cirkulace prestavbou existujicich cév
Pfi zablokovani krevniho prutoku se oteviraji nahradni spojky
Akutné dilatace (neurogenni a metabolické faktory)

Dlouhodobé prestavba, zvétSovani
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Comorbidity
Genetics

"f" Therapy

Circulatory shock + inflammation

Hesuscitation based on correction Time
of systemic hemodynamics and oxygen-derived variables Therapy
Microcirculatory dysfunction
Endothelium RBCs Leukocytes SMCs Coaqulation
Signal transduction Deformakbility Adhesian Adrenergic signaling M r% il
Coagulation Aggregation Cytakines il rlr;lru:ﬂ_w.usna
Regulation 3, ransport RIS
L
Y
Microcirculatory Cellular distress Organ
shunting I Mitachondria ——
0, supply demand mismatch Hibernation fallure
Hypouia Apnptoss
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Lymfaticky systém

Venous system Arterial system

Lymphatic system ‘

Lymph duct
Lymph trunk
Lymph node l

Lymphatic
collecting
b vessels, with

St

}_Jllr -
Tissue cell
' Blood~"  Lym, @
;_I_.-; __capillaries. Jtlpm {
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Venule capi||c|ry
(to heart) =3
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Tissue
cells

Interstitial

fluid

Lymphatic
capilla

To venous system priiary

I‘ . - . -
Figure 20-1 Role of the lymphatic system in fluid bal-
ance. Fluid from plasma flowing through the capillaries moves into
interstitial spaces. Although much of this interstitial fluid is eicher
absorbed by tissue cells or reabsorbed by capillaries, some of the
fluid tends ro accumulate in the interstitial spaces. As this fluid

builds up, it tends to drain into lymphatic vessels that eventually
return the fluid to the venous blood.



Lymfaticky systém

Intersticialni tekutina se dostava do lymfatickych kapilar skrze propustné spoje
mezi endotelialnimi bunkami

Tok lymfy je zajistén stahem hladkého svalstva lymfatickych cév a okolnich
kosternich svalu (lymfaticka pumpa

Lymfa prenasi proteiny, které nemohou byt absorbovany pres kapilarni sténu —
dulezité pro udrzovani koncentrace proteinu (pfi selhani smrt do 24 hodin)
Navic hlavni cesta pro absorpci lipidu GIT

Patogeny jsou likvidovany v miznich uzlinach



Tok lymfy

Zvysen pfi zvySeném pruniku tekutin z kapilar do

intersticia
a) ZvysSeny hydrostaticky tlak v kapilarach
b) SniZeny onkoticky tlak v kapilarach
c) ZvySeny onkoticky tlak v intersticiu
d) ZvySena permeabilita kapilar

-Lymfaticka pumpa generuje negativni hydrostaticky
tlak v intersticiu

-Pri trvalém zvyseni tlaku v intersticiu na +1 - +2
mmHg dochazi ke kompresi vétsich lymfatickych
cév
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Lymfaticka pumpa

A. vnitrni
Kontrakce stény pfi jejim
roztazeni

Generuje tlak az 50 —
100 mmHg

B. vnéjsi
Intermitentni komprese
zvnejsku
Pri cviceni dochazi az k
tficetinasobnému pratoku
lymfy
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Edém

Bunécny (cytotoxicky) edém — zvyseneé nahromadeni tekutiny v
bunkach

Veétsinou pri ischémii — zhrouceni iontovych pump — 1 osmolarita v bunce
Klinicky dulezité zejm. u nitrolebnich struktur

Intersticialni edém — tekutina v intersticiu

Lokalni vs. systemove priciny — viz dale

Vypotek — tekutina v télesnych dutinach



Starlingovy sily

Fyzikalné se jedna o tlaky |

|
F=A.K. (P, ~ P~ o(m, ~ )], kde: . ]‘1 ] 1
F.. filtrace . oot 1omaler |
A.. filtrani plocha SSUTS |pgsure . osmolic.

K...permeabilita membrany pro vodu
0...permeabilita membrany pro

|

|
protei ny net flow out : net flow into
Na arterialnim konci kapilary mifi O i o R
gradient z cévy ven, na venéznim = |
dovnitr
Viyjimka: kapilary glomerulu (vysoky Tok tekutiny z kapildr do tkani mirné
hydrostaticky tlak — cave Sok) prevazuje nad navratem — lymfaticka drenaz

Plicni kapilary — po celé délce mirné
prevazuje filtrace (nizky gradient
hydrostatického i onkotického tlaku)



Priciny intersticialnich edému a vypotku

Zvyseny hydrostaticky tlak kapilar
hypervolémie

hyperperfuze

| Zilni navrat

Snizeny onkoticky tlak plazmy
Zvysena permeabilita kapilar

Uzaver lymfatickych cev



Hypervoléemie - etiologie
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Hyperperfuze kapilar a vznik edému

Edémy pri hypertenzni
Krizi — vyznam zejm. v
mozku
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Edémy pri onemocneni zil

thydrostaticky tlak na
venoznim konci kapilary
NejCastéji insuficience
zilnich chlopni

Hluboka zilni trombdza —
asymetricky otok

Bércové vredy — nejCastéji
Zilniho puvodu

Zvysena filtrace — zvyseni
kapilarni permeability —
unik bilkovin — _fibrinova
manzeta“— tkanova
ischemie — vred




Klasifikace CVI

Widmer:

1. stadium: otok

2. stadium: tuhy otok s
hyperpigmentaci (hemosiderin)
3. stadium: bércovy vred

CEAP (klinicko-etiologicko-
anatomicko-patofyziologicka)
klasifikace - detailni




Srdecni selhani a edémy

e L evostranné selhani

e dozadu (backward)

e Mhydrostaticky tlak v plicnich
kapilarach - edém plic

e respiracCni selhani, pleuralni vypotek
(transsudat)

e plicni hypertenze - sekundarni
pravostranné selhani

e dopredu (forward)
e systémova hypotenze - Sok

e organové selhavani (jatra, ledviny, GIT,

mozek)
e Svalova slabost, Unava, kachexie

Pravostranné selhani
dozadu (backward)

Thydrostaticky tlak na ven6znim konci
kapilar

edémy v systémovém fecisti
anasarka (systémovy edém)

dopredti (forward)

izolované raritni
vede k | preloadu levé komory —
levostranné selhani dopfedu



Plicni edém a pleuralni vypotek

Plicni edém: akumulace tekutiny v plicni tkani (,bazina®“)
intersticialni
alveolarni

filtrace i resorpce tekutiny z/do plicni cirkulace

léCba medikamentozni

Pleuralni vypotek: tekutina mezi parietalnim a visceralnim listem pleury

(,jezero")
filtrace tekutiny pfevazné ze systémové cirkulace, resorpce spiSe do plicni cirkulace
|éCba medikamentozni Ci chirurgicka

u transsudatt ¢asto kombinace plicniho edému a fluidothoraxu



RTG obraz

Plicni edém Bilaterdlni fluidothorax



Exsudat vs. transsudat

Exsudat

M proteiny

MLD

J glukdza

bunky

Etiologie:
1) zanét
2) nador

3) plicni embolie
(dGsledek mistnich
nekrdz)

4) TBC

Transsudat

J proteiny

J LD

™ glukdza

Bez bunék

Etiologie:
srdecni selhani
hyperhydratace
hypoproteinémie
(jaterni selhani,
nefroticky syndrom



Hypoproteinémie

Norma cca 62 — 82 g/l

Pokles:

malnutrice (kwashiorkor)
malabsorbce

jaterni selhani

nefroticky syndrom

Nevznika plicni edéem (v plicnich kapilarach maly gradient
hydrostatického i onkotického tlaku!)



Zanét a otok

2

PAIN ~ FUNCTION
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Mechanismy endotelialni permeability

Transcelularni transport

vezikulo-vakuolarni organely (VVO)

fenestrace (GIT, ledviny, endokrinni zlazy) — s membranou nebo bez ni (glomerulus)

Paracelularni transport

adherentni spoje — tvorené zejm. cadheriny
rozpousti se po stimulaci:
histaminem
bradykininem
VEGF
NO

tésné spoje (zejm. mozek) — vytvari bariéru



Vaskularni mechanismy zanetu

Stah arteriol nasledovany vasodilataci a zvySenim vask. permeability

kapilar
Vasokonstrikce: endotelin, TXA2, PAF
Vasodilatace: INOS, PGI2, bradykinin

Tvorba cytokinu




Lymfedéem
Dusledek zhorseného odtoku lymfy
* Primarni lymfedem
|diopaticky, porucha vyvoje lymfatickych cest
Vyskyt obvykle v dospivani Ci Casné dospelosti

Sporadicky i familiarni vyskyt

* Sekundarni lymfedem

Druhotné vznikla obstrukce lymfatickych cest (nador, zanét, uraz,
latrogenni — operace, radioterapie, exstirpace uzlin)

V tropech nejCastéji filarioza

V Evrope nejCasteji nasledek nadorovych onemocneni Ci jejich IéCby



Vznik lymfedemu u nadoru

Mechanicke stlaCeni lymfatickych cest nadorem

Intersticialni edém kolem nadoru (zanet, VEGF) — komprese
lymfatickych cest

Metastazy do lymfatickych uzlin




»pitting a ,,non-pitting“ edémy

U edému chudych na
bilkoviny (srdecCni selhani,
jaterni selhani, nefroticky
syndrom) zUustava po tlaku
prstem dulek (,vytlacitelny
otok")

U edému bohatych na
bilkoviny (lymfedém, zanet,
chronicky otok) ne




Splanchnicka cirkulace



Prekapilarni sverace

za normalnich okolnosti
je pruchodna jen Cast
Krevniho reciste, pri
otevreni sfinkteru
dochazi k prokrveni
vetsi oblasti krevniho
reciste

vyznam hl. ve

Venule

. ’ . ‘Arteriole
splanchnické oblasti Sphincters open Sphincters closed



Katecholaminy a redistribuce krve ve splanchnicke
oblasti

Objemy a pratoky krve ve slanchnické oblasti (normovolemicky dospély muz)

Objem krve cca 70 ml/kg

Organy ve splanchnické oblasti - 10% télesné vahy, ale 25% celkového objemu krve

Necelé 2/3 krve ve splanchniku (cca 800 ml) mohou byt pfemistény do systémové cirkulace, z toho:
jatra 300 - 400 ml

stfeva 300 - 400 ml

slezina 100 ml

Splanchnicka cirkulace funguje jako zasobarna krve

~2mmHg =3mmHg =7 mmH;




ANESTHESIOLOGY(

The Journal of the American Society of Anesthesiologists, Inc.

From: Catecholamine-induced Changes in the Splanchnic Circulation Affecting Systemic Hemodynamics
Anesthes. 2004;100(2):434-439.

Distribution of Adrenoceptor Subtypes_
in the Splanchnic Vasculature

Vascular bed

Receptor Pre-portal Hepatic
subtype venous venous

+ depicts vasoconstriction; - depicts vasodilation; the number of +'s or —'s depicts the relative
density of adrenoceptor subtypes; based on references 3 and 4.

Vasoconstriction decreases arterial flow, decreases venous capacitance, impedes venous outflow.
Vasodilation increases arterial flow, facilitates venous outflow (see text for details).

* refers only to peripheral O¢,-adrenoceptors; activation of central Ol,-adrenoceptors decreases
sympathoadrenal tone.




ANESTHESIOLOGY

The Journal of the American Society of Anesthesiologists, Inc.

From: Catecholamine-induced Changes in the Splanchnic Circulation Affecting Systemic Hemodynamics

Anesthes. 2004;100(2):434-439.

TSympathoadrenal output

Pre-portal arterial
vasoconstriction

Constricts
splanchnic

it capacitance
ow to
vasculature
pre-portal tissues

l
splanchnic veins

el )

LResistance of
hepatic vasculature

J»Capacitanr.e of
( splanchnic vasculature
and blood volume
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Pokus

MysSi mesenterium
Adrenalin — arterialni vazokonstrikce (hl. a, receptory)
Histamin — arterialni vazodilatace (hl. H, receptory)



