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Fyziologicka hemostaza ma byt v rovhovaze

Patologie se projevi bud’ krvacenim, nebo trombogenézou

Krvaceni Trombogeneze



Fyziologicka hemostaza

Ceévni stéena

Hemokoagulace
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FIGURE 1 Megakaryopoiesis and
the role of mRNA at various stages of
thrombopoiesis. Simplified cartoon
depicting megakaryopoiesis and
thrombopoiesis with 1. mRNA being
sorted into proplatelets 2. mRNA
transferred to platelets released into
circulation and 3. platelet microparticle
(PMP) interaction with endothelial cells
and release into circulation
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2019 by American Society of Hematology — trombocyty se daji ze
vypestovat i kmenovych bunék ziskanych z tukove tkane-
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Funkce trombocytu

Adheze (s VWF, kolagenem)
Agregace (GPlIb/llla + FBG)

/ Sekrece a uvolnéni- ADP, TXA2,
PAF aj.

~ Amplifikace a propagace tvorby
trombinu

Nove — imunotrombogeneze —
prim.imunita



Desticky a jejich receptory
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Imunotrombogeneze — aktivované desticky a
neutrofilova extracelularni past ( NET )

From: Thrombosis as an intravascular effector of innate immunity
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Prirozeneé inhibitory spontanni agregace
desticek

ﬂ Platelet inhibition,
( Vasodilation

% ADP

(platelet activator)




Krvacivé stavy pfi poruse primarni hemostazy




Krvacive stavy z destickovych

pricin

Nedostatek nebo porucha funkce desticek
KO: kozni a sliznicni krvaceni- epistaxe,
metrorhagie, (hematurie)
Déleni:
Trombocytopenie
Trombocytopatie
Kombinace






Trombocytopenie

Pokles poctu desticek pod hodnotu dolni meze
normaniho rozmezi

Normalni pocet desticek 150-300x10*9./|
Pri poétu nad 50x10*9/l obvykle bez krvacivych projevu
Dg: KO, + Dukuv test
T: zastava krvaceni (hemostiptika, trombokoncentraty),
ovlivnéni primarni priciny, u imunitné podminenich
imunosupresivni th.,
Déleni:
Z nedostatecne tvorby
Z nadmerného zaniku, spotreby, ztraty



Trombocytopenie se snizenou
tvorbou
trombocytu

Amegakaryocytova trombocytopenie-
Postizeni celé myeloidni rady (aplasticka
anémie, myelodysplasticky syndrom,
myelofibroza) x izolovaneé

Virove infekce, zareni, toxicke, leky,

infiltrace drené nadorovymi bb., nebo
leukemii,

vzacne vrozené
Dg.: vys. kostni dreneé



Trombocytopenie se zvysenym zanikem a

obratem trombocytu —imunitné podminéna

ITP- idiopaticka trombocytopenicka purpura
Autoimunni onemocnéni, autoprotilatky proti trombo.,

Akutni (obvykle po virové infekci), chronicka forma (pfri
SLE)

Dg. KO, prukaz autoprotilatek, pocet megakaryocytt v

drfeni normalni nebo kompenzatorné zvysen

T. imunosuprese —prednison 60 mg , rituximab,
imunoglobuliny IgG, agonisté receptoru pro
trombopoietin —rimoplostin(Nplate®) nebo eltrombopag

(Promacta®), splenektomie.



ITP - vysev petechii

The photograph shows purpura (bruises) and petechiae (red and purple dots) on the skin.




Trombocytopenie se zvysenym
zanikem a obratem trombocytu

HIT- heparinem indukovana
trombocytopenie

Zejména po UFH, méné po LMWH
5 -15. den heparinizace

Vazba heparinu na destickovy
faktor 4, na komplex heparin-
desticka se vazi protilatky a aktivuji
trombocyty

Trombotickeé i krvacivé projevy



Kdy mit podezreni na HIT?

U pacient, kteri dostavaji heparin nebo dostavali heparin v
poslednich 2 tydnech, je doporuceno patrat

po diagnoze HIT, pokud pocet desticek klesne o

250 %,

nebo se objevi trombéza mezi 5.-14. dnem (v€etné) po
zahajeni podavani heparinu,

a to i pokud trombé6za nebo trombocytopenie vznikne v
_~dobé, kdy jiz pacient heparin nedostava

4TS score :

Misto heparinu(LMWH) pouzit Argatroban, nebo fondaparinux


http://www.mdcalc.com/4ts-score-heparin-induced-thrombocytopenia

Diagnostika HIT

PF4/heparin EIA
(Elisa imunno assay)

metody sloupcové aglutinace
ID-HPF4 (Diamed)

~“PIFA Heparin/platelet Faktor 4
Rapid assay —test typu Bed-side

Prutokova cytometrie



Trombocytopenie se zvysenym
zanikem a obratem trombocytu

Neimunné podminéneé

Konzumpcni
DIC

Tromboticka trombocytopenicka purpura (syndrom
Moschcowitzové), neni aktivovana koagulaéni kaskada,
tvorba destickovych mikrotrombu s konzumpci
trombocyt,

Hemolyticko-uremicky syndrom — v detstvi, hemolyticka
anémie, trombocytopénie, akutni ledvinné selhani

Hemorhagicka

Zvysena sekvestrace (redistribuce mimo
cirkulujici krev)
Hypersplenismus (splenomegalie rizné etiologie)



Trombocytopatie

Kvalitativni porucha trombocytu

Defektni funkce trombo.
Poruchy adheze
Poruchy agregace
skladovaci a sekrecni fce

KO: Petechie, purpura

~ Dg: prodlouzena krvacivost (Duke), pfi

normalnim poctu trombo., agregometrie
Déleni
Dédicné
Ziskaneé



Krvaciveé stavy-rozdeleni
Krvacivé stavy z vrozenych destickovych pri

¢in

Schematic cartoon representing the proteins mutated in inherited platelet function disorders.

RECEPTORS AND SIGNALING DEFECTS

A

STORAGE
POOL
DISEASES

Hermansky-Pudlaky
(HPS1, AP3B1, HPS3-9)

and Chediak-Higashi
syndromes (LYST)

Gray platelet syndrome
(NBEAL2, GFI1B)
Quebec platelet syndrome (uPa)

Elisa Bianchi et al. Blood 2016;127:1249-1259

©2016 by American Society of Hematology

ADHESION DEFECTS
Platelet-type vWD

Bernard-Soulier syndrome

DEFECTS IN
PROCOAGULANT

ACTIVITY
Scott syndrome

(TMEM16F)

DEFECTS IN AGGREGATION
LAD-IIl syndrome

Glanzmann
thrombasthenia

Glanzmann
thrombasthenia-like
disorder

& blood




Vrozena porucha agregace a adheze

Bernarduv-Soulieriv syndrom
Defekt adheze
Defekt povrchové membrany (gp Ib-IX)
AR dédi¢nost
LAB: snhizeny pocet abnormné velkych trombo., patol.
agregace po ristocetinu

Glanzmannova trombastenie

Py AR dédi¢nost

Chybi schopnost agregace
Defekt povrchové membrany (GP llb-llla)
LAB: defekt agregace, defekt retrakce koagula

Von Willebrandova choroba

Porucha adheze trombo. je sekundarni v dusledku defektu
vWi



Vrozene poruchy skladovaci a
sekrecni funkce

Hefmanského-Pudlakuv syndrom

Okulokutanni albinismus, abnormni pigment v
RES

/' Trombocytopatie s defektem skladovacich granul-
storage pool desease

Snizeni nebo absence denznich granul obsahuijici
polyfosfaty, ADP

_,,Aspirinovy“ typ
Defekt agregace, sekrece
Defekt v metabolismu kyseliny arachidonové

) A



Activation of coagulation by platelet polyphosphate.

Thrombosis

@ 4

Kallikrein «—=— PK Coagl'JIation

l T Fxla—t  Fva

FXI| — FXlla —— | «—Thrombin—>

Jeffrey I. Weitz, and James C. Fredenburgh Blood
2017;129:1574-1575



Prof. MUDr. Frantisek Hermansky, DrSc.

(* 22. 2. 1916 Praha T 8. 12. 1980 Praha)

Jeden z nejvyznamnéjSich c¢eskych hematologll, profesor vnitfniho
Iékarstvi na fakulté vSeobecného lékarstvi v Praze (dnes 1.LF UK)

1950 - asistent prednosty |[. interni kliniky prof.
Netouska

1957 — védecky pracovnik Laboratore pro patofyziologii
krvetvorby a jater pfi l. interni klinice

1962 — docent pro obor vnitini lIékarstvi ( téma habilitace
: Antitrombin )

1969 — jmenovan profesorem vnitrniho Iékarstvi

1972 — jmenovan prednostou I. interni kliniky

V roce 1959 spolu s profesorem Paviem Pudlakem publikoval slavnou
praci, ve které popsali do té doby neznamy dédiény krvacivy stav
souvisejici s albinismem, tzv. Hefmanského - Pudlakav syndrom -
Blood 1959; 14(2): 162-1609.

Celkovy pocet citaci dle WOS (zafi 2016): 784



Ziskané trombocytopatie

Myeloproliferativni onemocneni,
myelodysplasticky syndrom

Chronicka ledvinna onemocneéni s
uremii

~_Jaterni choroby

Léky navozene — ASA, jiné
protidestickoveé leky, nesteroidni
antiflogistika, dextrany ...



Terapie trombocytopatii / spotrebni
trombocytopenie s krvacenim / nebo

sek.trombocytopenie pri selhani normalni
kKrvetvorby

Lécba vyvolavajici priciny

/_Hemostyptika k zastavé krvaceni

Prevody desticek-
Koncentraty ze separatoru

1 koncentrat 1-3x10*11 desticek, zvysi
pocet trombocytu o 10-30x10*9/I

Cil- 20-80x10*9/I



Patofyziologie
aterotrombozy a nutnost
- jeji komplexni léecby

- Zejmena leky
inhibujici funkci
desticek



Hlavni cévni manifestace
aterosklerozy

Ischemicka O - , . _
: S Prechodna ischemicka
mrtvice p"’ |

R ‘ prihoda (TIA)
Infarkt - .
Angina pectoris:
myokardu . Stgbilni P

* Nestabilni

. [, €< Ischemicka choroba dolnich

koncetin:
i' « klaudikace
* bolest lytek
s  gangréna
* nekroza

Adapted from: Drouet L. Cerebrovasc Dis 2002; 13(suppl 1): 1-6



ruptura platu

Ateroskleroticky plat |

Generace trombu a tvorba
Aktivace destiek koagula

inhibice tr (ASA) antikoagulancia

. 5 . =

Potlac¢eni primarni linhibice sekundarni
hemostazy hemostazy




“White clots™

Warkentin TE. J Crit ffin 2002; 17: 172-178.
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Reperfusion strategies in the infarct-related artery @ ESC

accordmg to time from symptoms onset Elkopeai Sadiety
of Cardiology
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www.escardio.orgfguidelines 2017 ESC Guidalinas forthe Managemantof AMFSTEMI (European Haart Journal 2017 - d0i:10.1093faurh eart)fahx095)
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Protidestickove leky

Mechanismus trombotického uzaveru tepny Ize ovlivnit
léeky, které snizuji schopnost desticek vazat se mezi
sebou (agregovat) — antiagregacni / protidestickove léky

Existuji tfi zakladni skupiny antiagregacnich léku

a) Blokatory COX-1 (ASA)

. b) Blokatory receptoru pro ADP P2Y12 - thienopyridiny
(clopidogrel, ticlopidin, prasugrel, ticagrelor, cangrelor)

c) Inhibitory GP lIb/llla (abciximab, tirofiban, eptifibatid)



Schema zasahu protidestickvych Iéku

Endotel Revacept

D- dlmer
CD39

a2t1
Clopidogrel
Prasugrel
Ticagrelor
Cangrelor

granula

Trombocyt

Abciximab
Eptifibatide
Tirofiban !

Aspirin

l\
Trombocyt \/

Prenos signalu |—cGMP

Vorapaxar

Trombin

UFH
LMWH

Lepirudin
Argatroban
Bivalirudin
Dabigatran




Kyseline acetylsalicylova

Recommendations _____| Class* | Level®]

Ovral antiplatelet therapy

Aspirin is recommended for all

patients without contraindications at

an initial oral loading dose® of 150~

300 mg (in aspirin-naive patients) and A
a maintenance dose of 75100 mg/

day long-term regardless of treatment

strategy.

Non-enteric coated formulation {Aspirin-Protect-Stacyl,-Vasepyrin)

75-150 mg intravenously (Aspegic? Kardegic?) if oral ingestion is not
possible



ASPIRIN BAYER ® — je v mediciné pouzivan jiz 110 let

Aspirin byl vyroben

v roce 1899 nemeckym
chemikem Felixem
Hoffmanem,
zamestnancem firmy
Bayer pro lecbu artriticke
bolesti jeho otce,

jako lek byl firmou
BAYER patentovan 27.
unora 1900




prukaz irreversibilni inhibice cyklooxygenazy
(COX)s ASA jevsak azv 1971 !

John Vane ( -19.11.2004),
- a

, ktery roku
1982 ziskal

Objevil take dalsi
inhibitor desticek
prostacyklin ( 1976)



https://cs.wikipedia.org/wiki/29._b%C5%99ezen
https://cs.wikipedia.org/wiki/1927
https://cs.wikipedia.org/wiki/Anglie
https://cs.wikipedia.org/wiki/Farmakolog
https://cs.wikipedia.org/wiki/Biochemik
https://cs.wikipedia.org/wiki/Nobelova_cena_za_fyziologii_nebo_l%C3%A9ka%C5%99stv%C3%AD
https://cs.wikipedia.org/wiki/Nobelova_cena_za_fyziologii_nebo_l%C3%A9ka%C5%99stv%C3%AD
https://cs.wikipedia.org/wiki/Nobelova_cena_za_fyziologii_nebo_l%C3%A9ka%C5%99stv%C3%AD

Metabolismus kyseliny arachidonové

Destickové a cévni

PGH,/TXA,
Ruastové faktory receptory

Cytokiny TXA,
, a
TX - syntaza
Glukokortikoidy
PGH,
COX-2 COX-2 inhibitory

indukovana ‘

5-lipoxygendza  ARACHIDONOVA Volné radikaly F2-isoprostany

LTA,

KYSELINA > (napf. 8-epi-PGF,,)
CO?('lv : aspirin
L (konstitucni)
N
HTCs PGH
2
L TX - syntaza
LTD,
TXA,




Protidestickova léCba s ASA redukuje pocet umrti ¢i IM
u nemocnych po IM o 36-38 osob z 1000

Pravdépodobnost umrti ¢i Ml

0.25
/ Placebo
/ 0.20
0.15 Risk ratio po 1 roce 0.52
Y 95% CI 0.37-0.72 (p=0.0001)
e
) 0.10 -
ASA 75 mg
0.05
0.00
0 3 6 9 12

meésice
Wallentin LC et al JACC 1991:18:1587-1593



Zvysovani ucinnosti
protidestiCckove lécby

/ Dualni protidestickova lecba :

ASA + Iinhibitor ADP-
receptoru P2Y12



CURE -

Primary endpoint

% of patients with recurrent ischemic event*

14 -
12 -
10 -
o
20% RRR
. - p=0.00009
7 n=12,562
) A
4 -
-  ASA
2 - Clopidogrel + ASA
0 - —
0 1 p. 3 4 S 6 7 8 9 10 11 12
*cardiovascular death, MI, or Meonths of follow-up N Eng J Med August 2001

stroke



Variabilita odpoveédi na clopidogrel v populaci
(n 544)

Patient numbers

<0 (0,10) (11,20) (21,30) (31,40) (41,50) (51,60) (61,70) (71,80) (81,90) (91,100) > 100

A 5uM ADP platelet aggregation

Serebruany VL, Steinhubl SR, Berger PB, et al. JACC 2005; 45:246 -51.



umrti/ nefatalni Ml /urgentni revaskularizace

1-0 l_

= e T
0.0 T h .
|
|

0.8 .

CYP 2C19
0.7 11 I

*1 [* % /%
06 1/*2 or *2/*2
0.5
0.2
0.1 HR=3.66; 95%Cl (1.69-8.05)
' P=0.0005
0.0
0 ! 2 3 4 5 vyears

Collet JP et al. Lancet. 2009 Jan 24;373(9660):309-17
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CESKA ASOCIACE INTERVENCNI KARDIOLOGIE

Drug Administration Activation
(%
dependant)

Clopidogrel oral sensitive to
inhibition

resistant to
inhibition

Prasugrel oral

Ticagrelor oral not needed

Pharmacokinetics:
none, 1-step or
2-step oxydation

Ticagrelor @

Hydrolysis
by esterase

Prasugrel

Receptor Onset of
binding action

irreversible  2-8 hrs

irreversible | 0,5-4 hrs

reversible 0,5-2 hrs

Potential
biotransformation

CYP-dependent
oxidation
CYP3A4/5

CYP2B6
CYP2C19 |

Clopidogrel

@ Active compound

@ intermediate metabolite

. P'(J(,‘ug

>
»

CYP-dependest
oxidation §
CYP1AZ /4
CYP2B6 |
CYP2C19

CYP2C19
CYP3A4/5
CYP2B6

2. P2Y12 inhibitors:
Farmakokinetika a farmakodynamika

Offset of
action

Loading Maintenance
dose dose

7-10 600mg 1x75mg
days
7-10
days

3-5 days

60mg 1x10mg

(5mg)

180mg 2x90mg

- Cca 30% patients
semi/resistant to
clopidogrel

Binding

Platelet

e —> o

® P2Y,

4 CYP-dependent
¢ oxidation




Cytochrom P450 CYP2C19

prevalence v CR
darci krve u nemocnych se
genotyp (n 1450) stabilni AP (n 696)

*1/*1 74,48% 72,41%

@ 22,83%

| *1/*3 0,14%

0,00%

0,00%



Reseni : Clopidogrel je pro nizsi

ucinnost nyni indikovan u

akutniho koronarniho sy jen pri
~ nedostatku prasugrelu, nebo

ticagrelu
AL g

/

S —



Doporuéeni CKS

Tabulka 12 — Periproceduralni antitromboticka terapie béhem
primami PCl

Antiagregacni terapie Trida Uroven

Kyselina acetylsalicylova peroralné nebo | B
i.v. (pokud neni pacient schopen polykat) je

doporucena.

Blokator receptor ADP je doporucen spolu

s kyselinou acetylsalicylovou. Moznostmi jsou:

n Prasugrel u pacientl nepredlécenych
clopidogrelem, pokud nemaji anamnézu
predchozi CMP/TIA a je jim < 75 let.

n Ticagrelor

n Clopidogrel (pokud jsou prasugrel
nebo ticagrelor bud nedostupné, nebo
kontraindikované).

Inhibitory GP lib/llla by mély byt zvazeny jako
nouzova terapie, pokud existuje angiograficky
dikaz masivniho trombu, slow- nebo
no-reflow fenoménu nebo trombotickych




Deéelka podavani dualni
protidestickove leCby

( doporuc¢ena 12 mésicu a déle ) se
ridi i vypoctem rizika krvaceni



Risk scores validated for dual antiplatelet
therapy duration decision-making

@ESC

European Society
of Cardiology
PRECISE-DAPT score DAPT score
Time of use At the tim e of coronary stenting After 12 months of uneventful DAPT
DAPT duration Short DAPT (3-6 months) vs. Standard DAPT (12 months) vs.
strategies assessed Standard/long DAPT (12-24 months) Long DAPT (30 months)
Score calculation HB 22 11511 105 <10 Age
I I T I 1 275 _2 pt
WBC <58 10121416 18 220 65 to <75 -1 pt
| TR T P T F ) LI <65 0 pt
Age 60 60 10 60 290 Cigarette smoking +1 pt
r Diabetes mellitus +1 pt
s 21|°0| 8|O | °u0 1 4|O | 2|0 | q Ml at presentation +1 pt
Pri N v Prior PA or prior M| +1 pt
ot 0 | "8 | paclitaxel-eluting stent +1 pt
Bleeding :
S 0246 81012141618 202224262830 ifentdlameter <3mm e
core 6
Points l'l‘l'I'I'I‘I'I'I‘I'I'I'I‘lo'lI CHF or LVEF <30% +2pt
Vein graft stent +2 pt
Score range 0 to 100 points -2 to 10 points
Decision making Score 225 =* Short DAPT Score 22 = Long DAPT
cut-off suggested Score <25 = Standard/long DAPT Score <2 = Standard DAPT
Calculator www.precisedaptscore.com www.daptstudy.org
www.escardio.org/guidelines 2017 ESC Focusad Updata on DAPT in Coronary Artary Diseasa, davalopad in collaboration with EACTS 7

{European Reart Journal 2017 - £10i:10.1093 /eurheartj/ahx419)



Dual antiplatelet therapy duration in patients @EsC
with acute coronary syndrome treated with oo S
percutaneous coronary intervention )

Recommendations Class | Level

In patients with ACS treated with coronary stent implantation,
DAPT with a P2Y, inhibitor on top of aspirin is recommended
for 12 months unless there are contra-indications such as
excessive risk of bleeding (e.g. PRECISE-DAPT >25).

In patients with ACS and stent implantation who are at high-
risk of bleeding (e.g. PRECISE-DAPT 2>25), discontinuation of lla
P2Y,, inhibitor therapy after 6 months should be considered.

In patients with ACS treated with bioresorbable vascular

scaffolds, DAPT for at least 12 months should be considered. Ila

www.escardio.org/guidelines 2017 ESC Focused Updata on DAPT in Coronary Artary Diseasa, davaloped in collaboration with EACTS 19
{European Heart Journal 2017 - ¢0i:10.1093/eurheartj/ahx419)




Critical Role of Thrombin in ACS

Thrombin is the link between vascular injury, coagulation,
and platelet activation

Platelet activation

Thrombin

Prothrombin

Plat'e I'Et Factnr xa
adhesion and

activation Tissue factor

Collagen/vWF Vessel Inju ry

Coughlin SR. Nature. 2000;407:258-264.
@ Thromhbosis Monroe DM, et al. Arterioscler Thromb Vasc Biol. 2002;22:1381-1389. [»-ﬁéartorg Medscape

EDUCATION



Kombinace protidestickové a antikoagulacni
lé€by u aterosklerotickych chorobnych stavu :

Akutni koronarni sy ( PCl ) :
UFH / LMWH 1x + DAPT pri zahajeni th.
RIVA 2,5 mg 2x D + DAPT
ICHDK(PAD):
~ RIVA25mg 2x + ASA 100 mg 1x D
~Akutni koronarni sy a Fibrilace sini (1 z 5):
Warfarin + DAPT (triple therapy)
? NOAC (DABI,RIVA,API) + P2Y12 inhibitor



Periprocedural and postprocedural antithrombotic @ £SC
therapy in patients undergoing primary percutaneous

European Society

coronary intervention i)
Recommendations Class | Level
Anticoagulant therapy
Anticoagulation is recommended for all patients in addition to -
antiplatelet therapy during primary PCI.

Routine use of UFH is recommended. [} |

In patients with heparin-induced thrombocytopenia, bivalirudin is 2
recommended as the anticoagulant agent during primary PCI.

Routine use of enoxaparin i.v. should be considered. lla i
Routine use of bivalirudin should be considered. lla )

Fondaparinux is not recommended for primary PCI.

www.escardio.orgfguidelines 2017 ESC Guidalinas forthe Managemantof AMFSTEMI (European Heart Journal 2017 - do0i:10.1093feurh eartjfahx095)




Pri indikaci protidestickove leCby se
musi stale kontrolovat i riziko krvaceni,
zejmena pri kombinaci s antikoagulancii !




Dekuji za pozornost




