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| Jaky je ucel hemostatického systému?

Zastaveni krvaceni (aktivuje se pri poranéni, neaktivuje se zbytecné)
Udrzovani krve v tekutém stavu

Odstranéni krevni srazeniny (fibrinolyza)
Obnova integrity cévni stény a prokrveni tkani
Hojeni rany



Hemostasis

A. Vasoconstriction

B. Primary hemostasis [IeiiGlet BIUg fORmation)

C. Secondary hemostasis m

D. Clot Retraction

E. Clot Dissolution _

Radulovic V.: Lectures in SSAI CTVA program Gothenburg Sept 10 2018
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Zakladni fenotypy koagulopatie v ICU

Hypokoagulacny a

PHENOTYPE

° ° ° V4
Hyperfibrinolytick
y p y y — fibrinogen concentrates
— platelet concentrates

—> FFP or PCCs
— RBCs, calcium,etc.

Antifibrinolytic therapy
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Hypofibrinolyticky

COAGULATION

Helms J. et al : Intensive Care Med (2023) 49:273-290
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Proc je to pro ICU dulezité

Koagulopatie jsou bézné u
kritickych onemocnéni a zhorsuji
vysledky mortality a morbidity

(MODS a MOF)

Krvaceni a trombodza se Casto
vyskytuji soucasne — vyzaduiji
rychlou a cilenou péci

J

Chakraverty R. et al.: Br J Haematol 1996;93: 460-463
Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407




Koagulopatie

ANAMNEZA KRVACIVYCH PROJEVU NEBO TROMBOFILNICH
STAVU, UZIVANI LEKU : ASA, P2Y12, VKA, DOAC, NSAIDs

JE KRVACENI LOKALIZOVANE NEBO DIFUZNI ?




Jak to hodnotime
(zakladni labaratorni parametry)

PocCet krevnich desticek
PT/INR - vnéjsi cesta / VKA
APTT - vnitrni cesta / UFH

TT - spole¢na cesta / Dabigatran

Fibrinogen
Anti-Xa test / UFH, LMWH, DOAC
Fibrinolyza - D-dimer/FDP

Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407



Trombocytopenie na ICU

/ PLT< 150 x 10°"9/L

Postihuje ~30-50 % pacient( v ICU; zavaznd < 50x1079/L
riziko krvaceni

nizsi produkce vs. vyssi konzumpce

Rychly pokles o >50 % za >4 dny = horsi vysledky

PFiciny: sepse/SIC-DIC, Iéky ( GPlIb/Illa, P2Y12), MCS/ECMO,
HIT, jatra/ledviny, TTP/ITP, hypersplenismus ‘& Platelet(x 30 000) "4

Pseudotrombocytopénie, EDTA — dependetni
S-Monovette® ThromboExact (MgS04)

Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407



Dysfunkce krevnich desticek s normalnim
poctem

Léky: ASA,
inhibitory P2Y12,
NSAID, GPIIb/Illa

Urémie; vzacne

dedicné vady

Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407



Testy na funkce trombocytu

Casova
Method Princip Indikace Predikce MACE / krvaceni narocnost Misto pouziti
LTA/ méreni propustnosti svétla pfi Diagnostika vrozenych i ziskanych Ano — AUC 0.65-0.70 pro MACE u HPR (high platelet 2-4 h od odbéru, Specializovana
agregometrie agregaci thrombocytopatii, gold standard pro validaci reactivity) personalné laboratof
narocné
VerifyNow turbidimetricka detekce agregace Monitoring ASA a P2Y12 inhibitora (clopidogrel,  Ano — signifikantni asociace s MACE (cut-off =236 Jednoduchy, Point-of-care
ticagrelor, prasugrel), rychla orientace PRU), AUC srovnatelnd s LTA v minutach (POCT)
Multiplate zména impedance mezi dvéma Monitoring antiagregace, diagnostika Ano — nejvétsi dynamicky rozsah (EC10—-EC90), Jednoduchy, Point-of-care
elektrodami pfi agregaci bleeding/thrombosis risk, perioperativni pouziti  dobfe koreluje s LTA, vhodné pro identifikaci non- v minutach (POCT)
respondert
PFA-200 closure time (CT) — Cas uzavéru Screening vWD, bleeding disorders, vysoky shear Slaba — nekoreluje s MACE po PCl, vysoka zavislost ~ Jednoduchy, Point-of-care
apertury pfi pritoku krve pod shear —vhodné pro primarni hemostazy na hematokritu, PLT, VWF v minutach (POCT)

stress



Indikace k podani trombocytu

PLT< 10 x 1079/L bez krvaceni
PLT< 50 x 1079/L
PLT< 100 x 1079/L

Dysfunkce a normalni pocet

Antiagregacni léky: DDAVP / desmopresin a / nebo krevni desticky (TAD) pro Zivot
ohrozujici krvaceni

Reverze ticagrelor (bentracimab): hodnocend/ k dispozici 2026 ???

Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407
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Clot firmness (mm)
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CT (sec)

CFT (sec)

méreni viskoelastickych vlastnosti zrazejici se krve: iniciace = sila - lyze

I Viskoelastické testy
(TEG/ROTEM)

UZitec¢né pro cileni FFP/Fibrinogén/ Trombocyty (TAD)

EBM nejsilnéjsi v traumatologii a kardiochirurgii

Bugaev N. et al.: J Trauma. 89(6):999-1017, December 2020
Haensig M. et al.: BMC Anesthesiol. 2019 Nov 6;19(1):201.



http://journals.lww.com/jtrauma/Fulltext/2021/04000/Thromboelastography_and_rotational.21.aspx/?cid=eTOC Issues.2021-jtrauma-01586154-202104000-00000&rid=V_0000000017548728&TargetID=&EjpToken=3s_GbcUZ3f-77W-qitFkKnfbx16TJgUkhkXKoXDnGfcD4qAhBTJnylghAe9QUtiDKoY-jVTP&mkt_tok=NjgxLUZIRS00MjkAAAF8CmPKUrozF0Rk7vukkjR73maDQLkY0WzRC1wC5Uu9SLrBbxbDS9--Meg17_gmkNNZE5YSV3cTlS0vG_LGlf6JQ4XaZZofO4pPvxlxzvpiXsLYl_4
http://journals.lww.com/jtrauma/Fulltext/2021/04000/Thromboelastography_and_rotational.21.aspx/?cid=eTOC Issues.2021-jtrauma-01586154-202104000-00000&rid=V_0000000017548728&TargetID=&EjpToken=3s_GbcUZ3f-77W-qitFkKnfbx16TJgUkhkXKoXDnGfcD4qAhBTJnylghAe9QUtiDKoY-jVTP&mkt_tok=NjgxLUZIRS00MjkAAAF8CmPKUrozF0Rk7vukkjR73maDQLkY0WzRC1wC5Uu9SLrBbxbDS9--Meg17_gmkNNZE5YSV3cTlS0vG_LGlf6JQ4XaZZofO4pPvxlxzvpiXsLYl_4
http://journals.lww.com/jtrauma/Fulltext/2021/04000/Thromboelastography_and_rotational.21.aspx/?cid=eTOC Issues.2021-jtrauma-01586154-202104000-00000&rid=V_0000000017548728&TargetID=&EjpToken=3s_GbcUZ3f-77W-qitFkKnfbx16TJgUkhkXKoXDnGfcD4qAhBTJnylghAe9QUtiDKoY-jVTP&mkt_tok=NjgxLUZIRS00MjkAAAF8CmPKUrozF0Rk7vukkjR73maDQLkY0WzRC1wC5Uu9SLrBbxbDS9--Meg17_gmkNNZE5YSV3cTlS0vG_LGlf6JQ4XaZZofO4pPvxlxzvpiXsLYl_4

FACTOR
DEFICIENCY?

EXTEM CT >80s

e FIBRINOGEN o
DEFICIENCY?

EXTEM CT 80-100s

E MASSIVE HAEMORRHAGE :]
ROTEM® slgma complete

FIBRINOGEN e
DEFICIENCY?

EXTEM AS <36mm

“T DEFICIENCY?

EXTEM AS <36mm

FIBRINOGEN

PLATELET . PLATEL ET—=EARLY HYPER-

DEFICIENCY?
EXTEM AS <22mm

FIBRINOLYSIS

Compare EXTEM with APTEM:

EXTEM

FIBTEM A5 >10mm

FIBTEM A5 <10mm

FIBTEM  AS <10mm FIBTEM A5 >10mm

FIBTEM A5 <6mm

APTEM

.‘

1- EXTEM CT >10% longer than APTEM

—_— 2- EXTEM CFT >20% longer than APTEM
3 EXTEM AS smaller than APTEM AS
(2013
2g fibrinogen concentrate 2g fibrinogen concentrate 4¢ Fibrinogen concentrate or —
or 2 Cryo"™* or 2 Cryo®™* 1 ATD platelets 4 Cryo/ 2 ATD Platelets™* Tranexamic Acid 16

REPEAT ROTEM AFTER EACH INTERVENTION

% ROTEM® sigma complete + hep if heparin use suspected (If INTEM CT >208s is corrected on HEPTEM CT - give Protamine. If not corrected, consult haematology ? Intrinsic factor deficiency)

% % Octaplas if bon after
% % % Aim FIBTEM AS >10mm

170171996

www.rotem.help



Transfuzni a faktorové koncentraty (ICU)

Fibrinogenu prostrednictvim 5-8 jednotek kryoprecipitatu nebo 2
— 4 g koncentratu, MCF < 10 mm / fizend ROTEM

FFP 10 — 20 ml / Kg pro vicefaktorové nedostatky; zvazte 25 IU / kg
PCC/ 4faktorové koncentraty k omezeni podavaného objemu

TXA 1 g nebo DDAVP/desmopresin 0,3 mcg/kg jako doplnky pfri
zavaznem krvaceni

Restriktivni transfuze erytrocytl pri Hbg < 80 g/ | pokud neni
aktivni ischemie nebo obéhova nestabilita



Clinically impcl)rtant bleeding

v \

Maintain hemostasis Order coagulation tests:

—> Normothermia * Platelet count

—> Normocalcemia if <50 x 10°/ mm® _

—> Normal pH — Platelet concentrates (8-10 units)
* Fibrinogen

+ if<1.5-2 g/L

— Fibrinogen concentrates (25-50 mg/kg)

r ’ - Or .

Consider tranexamic —> Cryoprecipitate (8-10 units)

acid administration

(< 3 hours from trauma) * PT-INR

if=1E7
—> 1 g load —> FFP (if hypovolemic)
—> 1 g infusion over 8 hrs or _
| —> PCCs (if DOAC or refractory bleeding)

i<

+

Massive transfusion

protocol
(if bleeding is uncontrolled)

Helms J. et al : Intensive Care Med (2023) 49:273-290



Transfusion management of massive haemorrhage in adults

STOP BLEEDING

Hemorrhage control

+

Hemostatic drugs
Vitamine K/PCC
Reversion of DOAC

L=

Cell salvage
if appropriate

* Hb > 7g/dL

- Platelets > 50 x 10%/L
* PT ratio< 1.5

+aPTT ratio< 1.5

* Fibrinogen > 1.5-2 g/L

« lonized Ca?* > 1 mmol/L

ACTIVE MASSIVE HEMORRHAGE PATHWAY

Call for help Order
Alert blood transfusion lab, biological tests
transport staff  /

Order and transfuse
Ratio 2:1 RBCs (Emergency/O blood)/FFP,
Platelets

:

Ongoing hemorrhage
Order biological tests

:

Order and transfuse
Ratio 2:1 RBCs (Emergency/O blood)/FFP,
Platelets + Fg concentrates (25-50 mg/kg)
if Fg < 1.5-2 g/L or according to viscoelastometric tests

:

Repeat biological tests

Airway
Breathing
Circulation

=

Prevent hypothermia

+
Consider CaCl, 1g

» Temperature > 36°C
*pH>7.35

* Normo-calcemia

* Normo-kaliemia

Helms J. et al : Intensive Care Med (2023) 49:273-290




Koagulopatie souvisejici s leky: antitrombotika

Velké krvaceni VKA: 4-faktorove PCC +
vitamin K; FFP/rFVlla v pripadé potreby

DOACs: idarucizumab (dabigatran);
andexanet alfa (inhibitory FXa), PCC



“| Sepse indukovana koagulopatie (SIC)
- DIC

* Imunotrombodza: TF, NETs, DAMPs ridi koagulaci
e Skore SIC 24 - zvazit antikoagulaci; ISTH overt DIC >5
e Organova dysfunkce * krvaceni; vysoka umrtnost



Lécba pfriciny + podplrnd
hemostaza

Cile: krevni desti¢ky >50x1079/I;
ﬁizeni DIC fibrinogen >1,5 g/I

—_ principy Zameérte PT/aPTT <150 % kontroly;
vyhnout se antifibrinolytikim v DIC

Antikoagulace individualizovana;
jasnéjsi prinos v SIC

Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407



Prakticky algoritmus ICU

FIBRINOLYTIC
PHENOTYPE

1) Identifikujte pricinu (sepse, léky, MCS, R
jatra/ledviny, trauma)

—> RBCs, calcium,etc.

FIBRINOLYSIS

2) Laboratore + VHA pfri krvaceni (individualizace
|écby)

COAGULATION

3) Podpora: prahové hodnoty pro podani krevnich
desti¢ek/fibrinogenu; PCC/FFP selektivné

4) Specifika: antikoagulancia a reverze ; vyhnout se
antifibrinolytikiim v DIC

Galli M., Angiolillo DJ.: European Heart Journal: Acute Cardiovascular Care (2023) 12, 399-407
Helms J. et al : Intensive Care Med (2023) 49:273-290



“I think you should be more explicit here in step two.”




