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*  Makro a mikrocirkulace
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VFN PRAHA

* ' Patofyziologie mikrocirkulace u KS

1 Endotelialni dysfunkce
* ischemie — reperfuze — ROS
 degradace glycocalyxu

« 1 permeabilita = edém intersticia — zhorseni difuze

2 Mikrovaskularni hypoperfuze
* nizky CO, vysokeé plnici tlaky, stagnace toku

* venozni hypertenze - podcenovany mechanizmus

* selhani PK — vyrazneé zhorseni mikrocirkulace

Type 3: Constriction / venous congestion

3 Hematologické a Reologické faktory
* hemodiluce, mikrotromby, desticky, fg

Schemmelmann, Mara, Malte Kelm, and Christian Jung. "The microcirculation in cardiogenic shock." European Heart Journal: Acute Cardiovascular Care 13.11 (2024): 802-809.



1a Klinické ukazatele
(tri okna do mikrocirkulace)
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VFN PRAHA

Prokrveni kuze

* chladné periferie = vazokonstrikce + nizky flow

* pozdni a v hrubé podobé nespecificky marker
Vedomi (vcetne deliria)

« marker poruchy mikrocirkulace (Casny hlavne u sepse)
Diuréza

» relativne pozdni marker, klicovy trend

* diuréza je marker, ne terapeuticky cil

* cilem je dekongesce (pokud je potreba)

Schemmelmann, Mara, Malte Kelm, and Christian Jung. "The microcirculation in cardiogenic shock." European Heart Journal: Acute Cardiovascular Care
13.11 (2024): 802-809.



*  1b Klinické ukazatele - Kapilarni navrat (CRT)

VFN PRAHA

* CRT normalné <2-3 sekund
* CRT > 3 s = prediktor mortality u soku a septickych stavu

1. Rychly levny test s dobrou citlivosti pro poruchy mikrocirkulace

2. UKS rozvoj casto az v pozdnich fazich (pozdni marker)

3. Spatné korelace s makroparametry, slaba s laktatem a pCO2 gap
4. Vhodny pro sledovani efektu terapie
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Figure 1. (A) Ninety-day mc  Figure 3. Kaplan-Meier curves for 90-day mortality or VA-ECMO in patients with CRT > 3

according to 90-day status ¢ seconds versus CRT = 3 seconds at HO. Cl = confidence interval; CRT = capillary refill time;

Angiography and Interventio  HR = hazard ratio; VA-ECMO =venoarterial extracorporeal membrane oxygenation.
Schemmelmann, Mara, European Heart Journal: Acute Cardiovascular Care 13.11 (2024): 802-809.

Merdji, Hamid, et al. American Journal of Respiratory and Critical Care Medicine 206.10 (2022): 1230-1238.
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*  1cKlinické ukazatele - Mottling skére

VFN PRAHA

* 0-5 podle rozsahu kolem kolene

Logrank p=0 008 - Al

1. Rychly levny test s dobrou citlivosti pro detekci poruchy mikrocirkulace
2. U KS rozvoj casto az v pozdnich fazich (pozdni marker)

R

3. Vhodny pro sledovani efektu terapie pokud pritomen.
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Merdji, Hamid, et al. "Mottling as a prognosis marker in cardiogenic shock." Annals of intensive care 13.1 (2023): 80.



*  2aLab markery - SvO, / ScvO,
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* SVvO; = 65-75 %, ScvO, vyssi (cca 3—7 %) — 70-80 %, ale inverze pri patologii
 Rychly test DO2, tkanové hypoxie a stavu mikrocirkulace, adekvatnosti CO

1. Casnéj$i marker nez laktat az o 1-3 hodiny
2. Problém distribucni sok a hlavné sepse/SIRS — selhani extrakce O2

3. Vhodny pro sledovani efektu terapie
4. Prognosticky ukazatel u soku

Perner, A., et al. Acta anaesthesiologica scandinavica 54.1 (2010): 98-102.
Lim, Hoong Sern. "Cardiogenic shock: failure of oxygen delivery and oxygen utilization." Clinical cardiology 39.8 (2016): 477-483.



*  2b Lab markery - Laktat

VFN PRAHA

* Ukazatel anaerobniho metabolismu a stavu mikrocirkulace.
» Pro KS senzitivni, méné specificky (vliv stresu, B-agonistd, stavu jater a splachniku).

1. Vychozi hladina je zkratka pro zavaznost soku.
2. Trend ma vybornou prognostickou hodnotu.
3. Clearence je klicova.

4. Dobry ale pozdni marker.
5. Nezapomenout na nehypoxicke priciny elevace laktatu.
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Fuernau, Georg, et al. Cardiovascular Interventions 13.19 (2020): 2208-2216.



*  2c Lab markery - pCO2 gap

VFN PRAHA

« pCO, gap > 6 mmHg (0.8 kPa) = marker perfuze, ne oxygenace
* velmi uzitecny u pacientu na ECMO/Impella (mismatch flow/tissue perfusion).

1. Vyborny casny marker perfuze a mikrocirkulace.

2. Dobre odrazi CO jen kdyz neni poskozena mikrocirkulace, u

distribucniho soku muze byt vyssi i kdyz CO dobry.
3. Prognosticky marker, navigace terapie.

3 T z = T 5 2 T . 2 T " " T ; : z
No cardiovascular mortality Cardiovascular mortality No cardiovascular mortality Cardiovascular mortality No cardiovascular mortality Cardiovascular mortality

ACO, (mmHg) Lactate (mg/dL) ScvO, (%)
2 9

Figure 2. Values of ACO,, lactate and ScvO, in serial determinations according to whether they presented in-hospital cardiovascular

death. Schemmelmann, Mara,." European Heart Journal: Acute Cardiovascular Care 13.11 (2024): 802-809

Lopez-Sobrino, Teresa, et al. Emergencias 35.5 (2023): 345-352.
McDonald, Charles I., et al. ASAIO Journal 67.3 (2021): 263-269.



VFN PRAHA
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Jak prakticky?

Mikrocirkulacni parametry (CRT, diuréza, laktat, ScVO2, pCO,gap)
jsou zasadni v rozliseni stabilniho vs. deteriorujiciho soku.

Trend je dulezitejsi nez absolutni hodnota.
Zasadni je zmeéna po terapii !

Interpretace v kontextu - nikdy nespoléhat na 1 marker
kazdy ma své limitace (SIRS/sepse)
pokud hodnoty nesedi, hledat duvody.




‘ Microcirculatory dysfunction in cardiogenic shock

VFN PRAHA

Altered mecrocirculation in
DRSPS A0 Can systemic microcirculation be
improved/restored in cardiogenic shock?
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* ANDROMEDA 2 - septicky sok

VFN PRAHA

Proof of concept - individualizovana lecba tekutinami, vasopresory a
inotropiky s kontrolou mikrocirkulace zlepsuje prognézu v soku.

1501 Patients randomized Total No. of wins
1467 Patients analyzed

Dl
T oy

831 Men 636 Women 720 747
Adults 18 years or older
with septic shock Underwent PHR targeted Treated according to local 1 3 1 1 3 1 1 1 2 7 87
at normalizing CRT over protocols or international (48.9%) (42.1%)

Mean age: 66 years a 6-hour period guidelines over a 6-hour period
LOCATIONS PRIMARY OUTCOME CRT-PHR was superior to usual care:
86 Hierarchical composite outcome: all-cause mortality, Win ratio, 1.16

Sites in duration of vital support, and length of hospital stay (95% Cl, 1.02 to 1.33; P = .04)

19 countries at 28 days as an overall win ratio




Proc je spravna fenotypizace soku klicova?

VFN PRAHA

. EC Pokud je v soku pritomna dysfunkce LK/PK dle ECHQ,

 Cl,

nizky Cl, vysoky pCO2 gap a nizké ScV02, je mozne, ze
MSP zvysuji sanci na preziti

Table 3 Combined analysis of all three variables.
One-year all-cause mortality HR (95% ClI) P

ECMO Early conservative
% %

At least one abnormal 24/42 29/35 0.53 (0.30-0.93) 0.028
All abnormal 7/13 14/14 0.19 (0.07-0.53) 0.001
Normal 7/7 5/10 3.89 (1.05-14.44) 0.042

ECMO, extracorporeal membrane oxygenation; HR, hazard ratio; Cl, confidence interval

Pokud dominuje distribucni slozka soku pravdepodobne

vystavujeme pacienta hlavne riziku komplikaci MSP a
zhorsujeme prognozu

(2025): 303.
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Microvacular Flow Index

VFN PRAHA
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Impella a mikrocirkulace
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Lam, K., et al. 2009. Clinical research in Cardiology, 98(5), 311-318.
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 Mikrocirkulacni dysfunkce je klicovy mechanismus mortality u soku.
« Hemodynamic uncoupling existuje a neni vzacny (MAP rozhodné nestaci).
 CRT, diuréza, ScVOZ2, laktat a pCO, gap - rychlée a dobré ukazatele.

 Tekutinova, vasopresoricka lecba a MSP vedené parametry mikrocirkulace
jsou spojeny se zlepsenymi vysledky pacientu v Soku.

* VA ECMO i Impella muzou zlepsit mikrocirkulaci pokud jsou indikovany
spravne a casneé (idealné pred uncoupling makro a mikrocirkulace) !




