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Rozdeéeleni antitromboticke lécby

antikoagulacni (anti-lla):

— neprimé inhibitory trombinu (nutnost AT Ill): heparin, LMWH
— primé inhibitory trombinu: hirudin a analoga, dabigatran

— kumariny — snizuji hladiny na K vit. zavislych faktoru: warfarin
antitromboticka (anti-Xa):

— neprimeé inhibitory Xa (nutnost AT Ill): LMWH, pentasacharid
— prime inhibitory Xa: xabany — rivaroxaban, abixaban
antiagregacni (antitrombocytarni):

— ASA,

— ticlopidin, clopidogrel, prasugrel; elinogrel, ticagrelor

— Inhibitory GP lIb/llla

trombolyticka: streptokinaza, urokinaza, rt-PA

substitucni:
— ATIII, aPC



Schéma plazmatické koagulace a nékteré z
moznosti jejiho ovlivhéni antitrombotickou IéCbou
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Indikace antikoagulacni leCby
- heparinu, kumarinu

 Zilni tromboza a embolie

« fibrilace sini

* chlopnové srdecni nahrady

» umelé povrchy — HD, mimotelni obeh
 antifosfolipidovy syndrom

* DIC
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Funkce heparinu

* Prostrednictvim AT lll:
— Reverzibilni vazba na AT Il

— Potencuje vazbu AT lll na Flla a FXa (jejich inaktivaci):
 Na FXa se heparin nemusi vazat
* Na Flla je nutna vazba heparinu

* Uvolinuje TFPI do obéhu

 Vaze se i na bunécneé povrchy:
— Trombocyty : DF 4
— Endotel
— Leukocyty



Rozdil mechanismu reakce AT III s UFH a LMWH




Monitorace lecby heparinem

Terapie trombembolie:

« TaPTT:
— prodlouzeni aPTT 1,5-2,5 R (2-3x)

» anti-lla: 0,2-0,4 j/ml
« anti-Xa: 0,35-0,7 j/ml

« 771 TC, norma reptilazovy éas



Monitorace lecby heparinem

Aktivovany koagulacni cas

ACT (Activated Cloting Time)

« Aktivace koagulace kontaktnimi povrchy, napr. kaolin
* V plné krvi: ,bed side” test

* V hrudni chirurgii pri mimotelnim obehu

* Norma: 120-180s

« Terapeuticke hodnoty: 300 - 600 s



Nizkomolekularni hepariny

Uginna latka
Nadroparin
Dalteparin
Enoxaparin
Bemiparin
Parnaparin
Tinzaparin
Certoparin

Nazev
Fraxiparine
Fragmin
Clexane
Zibor

anti-Xa / anti-lla
3,0
2,0
3,3
8,0
4,0
1,8
4,2



Monitorace lecby LMWH

« anti-Xa (odbér za 3-4 h. od aplikace s.c.):
-0,2-0,4 j/ml - profylaxe
—0,5-1,0)/ml —terapie

» pouze hraniéné T aPTT pfi terapeutickém
davkovani



o FII, FVII, FIX, FX

Koagulacni faktory vitamin K dependentni
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Prehled kumarinovych preparatu

genericky nazev polocas
etylbiskumacetat (Pelentan) 2 hodiny
warfarin (\Warfarin) /2 hodin
fenprokumon (Marcoumar) 160 hodin




Monitorace lecby kumariny

Protrombinovy cas (PT):
» terapeuticke rozmeazi:

« 2,0- 3,0 INR (international normalized ratio)
 normalni hodnota:

0,8-1,2INR

t ISI (international senzitivity index)



Primeé inhibitory trombinu
(nepotrebuji k ucinku AT lll)

hirudin
rekombinantni - lepirudin (Refludan)
synteticke - argatroban — (Novastan)

- dabigatran — p.o. (Pradaxa)

monitorace:
— aPTT - orientacni

— Ecarinovy test (ECT): ecarin stépi Fll na Flla
nezavisle na Ca a fosfolipidech

— Hemoclot: meri anti-lla aktivitu



Inhibitory Xa

* heprime

— pusobi prostiednictvim AT Il

— synteticke pentasacharidy

— fondaparinux (Arixtra)

— Idraparinux — prodlouzeny ucinek (1x tydne s.c.)
* prime - xabany

— nepotrebuji k ucinku AT Il

—rivaroxaban (Xarelto),apixabam (Eliquis)

e monitorace: anti-Xa



Primeé inhibitory lla a Xa

PT (INR) | aPTT | fibrinogen TC

dabigatran podle

PRADAXA® Ll LL] metody LLL

rivaroxaban

Apixaban zZmeny zZmeny

ELIQUIS®
* relativné dlouhy polocCas: *eliminace ledvinami:
- dabigatran 12-17 hodin - 80%
- rivaroxaban 5-11 hodin -1/3

- apixaban 8-15 hodin -1/4



Monitorace NOAC: bezné netreba

 Pradaxa: orientacné aPTT, TT, plazmat. hladina ,Pradaxa anti-lla”“:
2x150 mg dennée 220 mg 1x denne

— Peak: 175 (117-275) g/l 71 (35-162) ug/l (percentil 25.-75.)
— Nadir: 91 (61-143) ug/l 22 (13-36) ug/l  (percentil 25.-75.)
« Xarelto: orientacne PT, plazmat. hladina na bazi anti-Xa:
20 mg 1x dennée 10 mg 1x denné
— Peak: 215 (22-535) ug/l 125 (91-195) ug/l (percentil 5.-95.)
— Nadir: 32 (6-239) ug/l 9 (1-38) ug/l  (percentil 5.-95.)

« Eliquis: orientacné PT, plazmat hladina na bazi anti-Xa:

2x5 mg denne2x2,5 mg denne
— Peak: 128 ug/l (CV 10%) 32 ug/l (CV 37%)
— Nadir 50 ug/l (CV 20%) 21 ug/l (CV 17%)




Antidota antikoagulacni lecby

 Heparin, LMWH:
— Protamin
* Vaze hepariny
* Nedostatecna neutralizace po s.c. aplikaci LMWH
« Warfarin:
— K vitamin
— Koncentrat protrombinoveho komplexu
* FII, VII, IX, X
— Mrazena plazma
* Inhibitory lla, Xa:
— Antidotum zatim jen pro dabigatran
— Koncentrat protrombinoveho komplexu




Cesty aktivace desticek

Fosfolipidy b. membrany
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Acetylosalicylova kyselina

* lIrreverzibilni acetylace serinu 529 v COX-1

e Pokles:
 Aktivatoru desticek tromboxanu (TX) A2
 Jeho metabolitu tromboxanu TXB2 v séru

e 11-dehydro-tromboxanu B2 v moci
 Asi 30% je mimodestickového puvodu

 150x mensi afinita k COX-2:

« Acetylace serinu 516

* 10% cirkulujicich desticek obsahuje COX2
* Muze byt zdrojem TXA2



Inhibice COX-1

~acetylosalicylova kyselina (ASA):
~Anopyrin, Godasal, Acylpyrin, Aspirin, Stacyl
~100 (200) mg denne
~ucinek po celou dobu zivota trombocytu
~nutno vysadit minim. 5-10 dnti pred operacemi

~ ostatni antirevmatika (NSAID):

* indobufen (lbustrin)
- 2x200 mg

- reverzibilni ucCinek 12-24 hod
- neprokazan priznivy klinicky efekt



Thienopyridiny

Irreverzibilni blokada ADP receptoru P2Y12:

— Vznik disulfidovych mistki mezi Iékem a cysteinem receptoru
— Jiz ve fazi megakaryopoezy — nutno pred operacemi vysadit 5-10 dnu

Prolécivo:
— Aktivni forma vznika v jatrech pusobenim cytochromu P450
* Ovlivneéni i jinymi léCivy
CYP2C19*1, pomalejsi metabolismus u alel *2, *3
CYP3A4
CYP1A2
CYP3AS:

Inhibice:
— CYP2B6

Vétsi variabilita u€inku na desticky nez ASA



Thienopyridiny

~ Ticlopidin (ApoTic)
~ 2x250 mg denné

~ Clopidogrel (Plavix)
~ 75 mg denne

~ Prasugrel
~ Take pro-lecCivo
~ MenSi variabilita efektu
Prima lécCiva, ne proléciva, méneé variabilni ucinek:
~ Ticagrelor (Brilic): p.o.
~ Cangrelor: i.v.
~ Elinogrel: p.o. + I.v.



Monitorace antiagregacni leCby - ASA

Klinicky:
— recidiva IM, CMP, ICHDKK
Laboratorne — definice (?) ucinnosti-rezistence:
« Agregace indukovana ADP 10 uM/ml v PRP:
- maxim agregace < 707%
+ Agregace indukovana ARA 0,5 mg/ml v PRP:
- maxim. agregace< 207
Agregace indukovana kationickym propylgalatem v PRP:

— pokles strmosti kfivky < cca 50%/min.
— doba k dosazeni 50% maxima > cca 100 sec.

PFA-100:
— prodlouzeni CT po kolagenu s epinefrinem nad horni hranici normy

- | metabolitu: tromboxanu-p2 v séru (11-dehydro v moéi)




Monitorace antiagregacni leCby
clopidogrel

Agregace indukovana ADP 5 nebo 20 uM/ml v PRP:
- pokles o 10-30% v absolutni hodnote oproti pred lécbou

VASP-P:
— fosforylace vasodilatatorem (PGE1) stimulovaného fosfoproteinu
— stimulace receptoru P2Y12 blokuje fosforylaci VASP

— méfi se fosforylace VASP po pridani ADP po predchozi
stimulaci PGE1

— Je-li P2Y12 blokovan clopidogrelem, pridani ADP nesnizi
fosforylaci VASP

— Ucinna lécba — fosforylace po pridani ADP neklesne < 507%



Monitorace antiagregacni leCby
agregace plné krve Multiplate®

* Impedancni agregometr
* plna krev

* Indukce agregace
— ARA (ASPI test) - monitorace: JANSYAN

— ADP clopidogrelu
— ADP+PGE1 clopidogrelu
— trombinem (TRAP test) blok. lIb/llla



¥ VerifyNow POC Assay Mimics
% Optical Aggregometry

Mixing
Chamber

« Increase in light transmittance

Light Sesme with agglutination of beads
Source T « Rate and extent of change
—— measured
. Reported as PRU and % inhibition
Agonist

> >
b P

Platelets in whole Fibrinogen-coated Agglutinated beads

blood maximally beads aggregate in clusters
activated by agonist

in mixing chamber

POC = point of care. PRU = platelel reaclion unit.



VerifyNow light transmittance
with agglutination of beads

Light
source

Uninhibited specimen Inhibited specimen

P2Y,. assay: ADP is agonist and the rate and extent of change is measured; reported as P2Y, . reaction units

Aspirin assay: AA is agonist and reactivity is reported as aspirin reaction units -
GP lIbAllla assay: iso-TRAP is agonist and reactivity is reported as platelet aggregation units




Monitorace inhibitoru GP IlIb/llIA

~ monoklonalni protilatky, peptidy a male molekuly

« Agregace v plné krvi - impedancni metoda
Multiplate®:

* TRAP test:< 30 U

* VerifyNow Assay®:
— Platelet Aggregation Units (PAU)
— abciximab (ReoPro®) eptifibitide (Integrilin®)

 0-44 PAU - > 80% inhibice 0-31 PAU - > 80% inhibice
* 0-13 PAU - > 95% inhibice 0-10 PAU - > 95% inhibice



A 4

Zaver

* Dosud neexistuje doporuceni standardne
monitorovat antiagregacni terapii a dle vysledku
testu upravovat terapii

* Doporuceno je pouze v ramci klinickych studii



Trombolytika

« streptokinaza (Streptase, Kabikinase, Awelyzin)
« urokinaza(Ukidan), prourokinaza (scu-PA)

plazminogen
Streptokinaza + plazminogen urokinaza
— R

plazmin
— monitorace TC 30-90 s
 r-tPA (Actilyse)
— vazany na fibrin aktivuje plazminogen
— kratkodoba aplikace, ktera se nemonitoruje (fibrinogen)



Substitucni lecba inhibitory koagulace
(merime primo jejich funkcni aktivitu)

Antitrombin Il

1 jednotka zvysuje hladinuo 1 - 1.5 %
— vrozeny defekt
» profylakticky perioperaéné, v gravidité s profylaxi LMWH/UFH
e pfi lécbé TEN s LMWH/UFH
— ziskany defekt s poklesem <50 %
¢ sepse
 TEN

Protein C

— vrozeny homozygotni defekt s purpurou fulminans
— pripadny tezky defekt ziskany — meningokokova sepse



