Patofyziologie hematopoetického systému |
— etiopatogeneze poruch primarni a sekundarni hemostazy
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Krev — hematokrit, plasma x sérum, proteiny, sedimentace

Major Types:

Albumin (60%)

Major component of osmotic pressure of plasma

Plasma

( E D Bl B )
2 \\Salts/Mmerals _
J:S?‘ ) I Globulins (35%)
Water Antibodies (immunoglobulin) and transport proteins
Proteins

I Fibrinogens (4%)

Functions in blood clotting

M Other (<1%)

Various roles (a-1-antitrypsin, coagulation factors, etc.)
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1%

\ 3 : Buffy Coat
’\ White blood cells

Platelets = 55%,; colloid osmotic pressure or oncotic pressure;
lipid, steroid, and hormone transport
antioxidant protein (binds metals and

reacts with ROS)

38%; transport ions, hormones,

— and immune function (y-globulins)

45% Red Blood Cells

Globulins

HH Fibrinogen (7%); clotting
ol Regulatory Proteins (< 1%); protease inhibitors,

\
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Faktory zajistujici fluiditu krve

fnormélni tok krve\ fnormélni sréilivos? ° fyZ|O|0g|Cké Sra’ienl’ krve (= hemOStéza)

e * zabrariuje signifikantni ztraté krve pfi poranéni
kdy nedochazi pro a protisrazlivych cévni stény
ke stagnaci v ¢asti mechanizmu o, ,
Fedisté ¢ primarni hemostaza
U\ * sekundarni hemostaza
\ / * Virchowova triada
* abnormalita v kterémkoliv z téchto parametrd (nebo

kombinovana porucha) ma za nasledek

fluidity . ®* patologické srazeni krve (= trombdza)
krve 2 * spontanni
I * vznikla za rizikovych okolnosti (riziko)
/meposkozend cévnh) * naslednou pfip. komplikaci je embolizace napt¥.
sténa * do plic pri vendézni trombodze (VTE)

'dzafhto‘fa'y e”ddOtE" a * atherotrombdza a MI

O?eahce)cmnzdﬁg?ofg o * kardioembolické prihody napf. pfi fisi a nasledna
\§ J mozkova mrtvice
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Hemostaza — faze

®* (1) Arteriolar vasoconstriction occurs

A. arteriolar vasoconstriction arteriole smooth muscle B. primary hemostasis ; platelet aggregation immediately by the reflex mechanism of the
T T " nervous system right after vascular injury,
= do_Je ,’1“ Lo Lo Jeo Too Ter oo e Jea e JdoJdo Jo Je Jeo o Jo which can be enhanced by endothelin, a potent
Endothelium @ Recruitment vasoconstrictor released from the endothelial

basement membrane

‘ ® ?;;t;’ulf ‘r\e!ease g cells constituting the vessel wall.
y IX . .
. . o . * (2) Platelets bind to the von Willebrand factor
@ Shape change \ and adhere to the extracellular matrix at the
— ‘ © Platatet adhesion site of injury, aft_er that, they change their
Site or injury ® Aggregation appearance (activation) and promote further
__(hemostatic plug) recruitment and aggregation of platelets by
S = =P L i, CET CN releasing granules such as ADP and TxA2.
r';ﬂ;;( . = * (3) Tissue factor released from vascular
; von Willebrand factor endothelial cells expresses the platelet
Endothelin release extracellular matrix (collagen) phospholipid complex. Th rough the coagulation

cascade, they eventually activate thrombin and
ultimately make the fibrin polymer to form a
C. secondary hemostasis ; formation of platelet clot D. thrombus and antithrombotic events, fibrinolysis clot/coagulum/th rombus.

* (4) During this period, the platelet plug contains

e e o T e e e e e o = trapped neutrophils and RBCs in the blood
- vessels, showing permanent plugs and
‘ . ‘ preventing further bleeding. In the absence of
: vascular injury or complete thrombus
o neutrophil . .
'@ Phospholipid _»® Thrombin activation . formation, the endothelial cells secrete t-PA
complex expression | t-PA R and thrombomodulin, which inhibit platelet
@ Tissue factor . sromtomadilie: s Cross-linked adhesion and aggregation, to exert
;ﬁ‘ = /gy fibrin fibers antithrombotic effects and fybrinolysis that
— i I N . . TN (I (0 G ol e 0 e N CENS CEN C=3| lead limitation of hemostasis.

@ Fibrinopolymerization S R S S = i M E



vod a struktura desticek

Thrombopoietin * alfa granula —obsahuji proteiny zapojené zejm.
From kidneys and liver v procesu adheze ale i nasledné v procesu
hojeni poskozeni

*  VvWEF, fibrinogen a vitronectin prispivaji ke vzniku
trombu a jeho stabilizaci

- Mitochondrion Alpha granule * angiogenni faktory - VEGF, EGF a PDGF
vWF, VEGF, . . . . .
candiciey thrombospondin, PF-4 * inhibitory angiogeneze - angiostatin,
system

thrombospondin a endostatin

* regulatory zanétu a cytokiny - platelet factor 4
(PF4), CCL5 (RANTES) a interleukin-8 (IL-8)

* denzni granula — aktivace desticek a jejich
recruitment” a stabilizace trombu v misté

Megakaryocyte poékozem’
@ 5{  ATP, ADP, serotonin a kalcium
‘,. 1\‘“.‘_ D l ° Vé o
ADP, A%S‘Zegrﬁﬁﬁ,i Ca2+ membrana trombocytu

* membranové receptory
®* GPlb-V-IX —adheze k povrchu

Platelet precursor * GPllb-llla — je exprimovan exklusivné megakaryocyty a
extensions destickami a je zasadni pro iniciaci a propagaci vystavby
destickové zatky (agregace)
Wa e destickoveé fosfolipidy — platelet factor 3 (PF 3)
/)1 * soucast komplexd krevniho srazeni
Platelets
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Primarni hemostaza

Platelet tethering Platelet activation Inside-out signalling

Fibrinogen

GPlIb/1lla
(high affinity) |

. Platelet
GPlb/Illa | aggregation

G o . ¢.
{low affinity) : o
.......................... TxA® 4
Blood flow : "/‘ow é > 3k
E ) '_. < “

D Aelet '

o

Endothelium

: Collagen
Nature Reviews | Cardiology

Mechanisms of platelet adhesion and aggregation: Erosion or rupture of an atherosclerotic plaque exposes the thrombogenic
subendothelial matrix proteins von Willebrand factor (vWF) and collagen. vVWF binds to exposed collagen and uncoils, exposing
multiple binding sites for platelet glycoprotein (GP)Ib—IX-V. Under arterial shear stress, the capture of platelets is mediated by
interactions between GPlb and vVWF (platelet tethering), which allows GPVI to bind to collagen. The binding of collagen to GPVI
results in platelet activation and the release of the soluble agonists ADP and thromboxane A2 (TxA2), leading to GPllb/llla
activation via inside-out signalling. Activated GPIIb/Illa changes conformation from the resting low-affinity state to a state of high
affinity for its major ligand, fibrinogen. GPlIb/Illa bound to fibrinogen acts as a bridge for platelets to aggregate. The nascent
platelet thrombus is reinforced by the release of soluble agonists, such as ADP and TxA2. Thrombin generation is initiated by the
release of tissue factor from the plaque and occurs on the surface of highly activated (procoagulant) platelets, resulting in a fibrin
network that stabilizes the platelet thrombus.

endotel normalné brani hemostaze
sekreci inhibitort agregace desticek a
koagulace
* produkce oxidu dusnatého,
prostacyklinu, trombomodulinu

(protein C activator), heparan-sulfatu,
tPA, ...

pri poskozeni endotelu adheruji
trombocyty k vVWf exprimovanému na
odkrytém subendotelu prostfednictvim
jejich receptorl (prostrednictvim GPlb-
1X)

dochazi k aktivaci desticek
(pseudopodia) a uvolnéni jejich
medidtord z granul

* tromboxan, PAF, ADP, serotonin —

aktivace dalSich trombocytd + silnéjsi
vazokonstrikce

exprese integrin( GPlIb/llla — vazba
fibrinu — agregace a tvorba def. zatky

trombocyty se podili i na aktivaci
sekundarni hemostazy

* uvolnéni tkanového faktoru, PF-3 a lokalni
tvorbou trombinu (Flla) MUNTI
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Primarni destickova zatka

* Distinct steps of platelet adhesion, activation,
and aggregation at the activated

ADP endothelium. (A) The initial adhesion of
platelets (tethering) is mediated by the
binding of the glycoprotein (GP)Ib-V—-IX
receptor complex to the A1 domain of the
von Willebrand factor (VWF) on endothelial
cells. Additionally, binding to P-Selectin can
enhance platelet recruitment to the intact
vessel wall. (B) In a second step, interactions
between GPVI and collagen stabilize the
thrombus. Moreover, it comes to a cellular
activation with secretion of platelet agonists

Tissue Factor

l:/] GP1b-V-X |- %‘;?u?""a' (e.g., adenosine diphosphate, ADP) and
transformation of the GPIIb/Illa receptors to
ADP GPIIbII von a state with high affinity. (C) The common
(silent) ’ :‘22:;""" final pathway of the platelet activation via

the GPIIb/GPllla (integrin—fibrinogen)

GPlIb/llla P pathway culminates in an irreversible platelet
|| (activated) g aggregation and subsequent thrombus

growth.
g GPVI/IFcRy ‘ P-Selectin

Tissue Factor
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Primary platelet plug

* Platelet adhesion and aggregation:

* (A) Platelets normally circulate through the vasculature
Flow = in a nonadhesive state. Upon the detection of an

, Platelet adhesion Thrombus formation exposed subendothelial matrix, platelets are induced to
3 ".| \_and aggregation come into close contact with the vessel wall and roll,

[\ ADP then arrest, at the site of vessel injury. The process of
L) PTXAZ\ adhesion is orchestrated by the platelet adhesion
4 %) R - receptors GPVI and GPlb-IX-V. The release of soluble
S agonists, such as ADP and thromboxane A2 (TxA2)
' - e A amplify platelet activation. Platelet adhesion and
activation, results in the formation of a platelet plug
(thrombus).

itron® * (B) Platelet engagement with the blood vessel wall is
troffietin VWF - Subendothelial matrix predominantly mediated by GPVI and GPlb-IX-V;
however, the platelet surface possesses receptors that
B can engage matrix proteins. Additional involvement of
these other adhesion proteins, including integrins a2p1,
GPIb-IX-V GPVI/FcRy a5B1, and a6B1, which bind collagen, fibronectin, and
laminin, respectively, and allbp3 that binds VWF and
allbp3 fibrinogen, among others, help to stabilize the initial
= attachment and facilitate platelet recruitment and
thrombus growth. Platelet activation occurs following
agonist binding to GPIb-IX-V and GPVI, integrin allbf3,
FcyRlla, and the G protein-coupled receptors for
FeyRila serotonin (5-HT2A), ADP (P2Y1/12), epinephrine (a2A
adrenergic receptor), TxA2 (TP), and thrombin (PAR1).
- Abbreviations: ADP, adenosine diphosphate; VWF, von
P2Y,, { \ Willebrand factor; GP, glycoprotein.

«6p1 & a2A TP
Adhesion Activating

e o, Ebo
e o.Fibrinogen

X

“’ -

X Y= T NS '
F|br0nectl“ L@r' .

/.
Co”‘

GPIb-IX-V

GPVI/FcRy

5-HT2A
¥ a2p1
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Anti-agregacni (protidestickova) lécba

Plaque disruption

Tissue factor |

| Collagen |--—-|

vIWF

Platelet adhesion and secretion

ASpinn j— l COX-1
T ADP Ticlopidine
‘e Clopidogrel
[ %= Prasugrel
Cangrelor
: - Ticagrelor
Thrombin Platelet recruitment and activation
SCH530348
GPI M, activation
E5555 olla Abciximab
) | Eptifibatide
Tirofiban

Platelet aggregation

Antiplatelet drugs
' '
G mhibioms P5Y 1> Receptor GP Ii Ill, inhibitors Phosph?d‘lesterase
blockers inhibitors
Y i ¥ { %
Aspirin Ireversible| |Reversible| |Monoclonal| | Synthetic
antibody molecules
L ] Y / Y
Ticlopidine | | Ticagrelor | | Abciximab | |Eptifibatide Dipyridamole
Clopidogrel| | Cangrelor Tirofiban Cilostazol
Prasugrel
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membrane phospholipids

Phospholipid
bilayer

phospholipase A2 o steroids

X X oY 2l K A A Y

Intracellular Hydrophobic tail

Hydrophilic head

ARACHIDONIC ACID

Cyclooxygenase Pathway / \ 5- Lipooxygenase Pathway

Hydroperoxyeicosatetraenoicacid

aspirin, NSAIDs ~ COX-1/COX-2 “Cory. SHPETE
inhibitors ‘ *
Teukotriene A4
Prostaglandin G2 (PGG2) SHETE euko i'e"e
Leukotriene B4 Leukotriene C4 12-
Prostaglandin H2 (PGH2) { Lpan|
s Leukotriene D4 .
specific | bronchial
synthesases lLeukotriene E4 SMCs

| b J

PGD2 PGE2 PGF2a| PGI2 TXA2

Prostacyclin ||Thromboxane A2

endothelia platelets

v

Lipoxin A4 Lipoxin B4

zileton

montelukast
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Existuje jen 1 (2) zpUsob jak krev koagulovat,
desitky jak ji ztratit (vykrvacet)




Srazeci faktory

No. Name Role
| Fibrinogen Clot formation
Activation of factors I, V, VII,
Il Prothrombin VIII, Xl, XIll, protein C and

platelets

Tissue factor

Cofactor Vlla

Role in binding of phospholipid

IV Calcium ;
coagulation factors
V  Proaccelerin Cofactor of X — prothrombinase
complex
VI Activated form of V
VIl Proconvertin Enables factors IX and X
VIl Antihemophilic factor A Cofactor of IX complex
IX Antihemophilic factor B Enables factor X, forms the
or Christmas factor complex tensor with factor VIII
Forms the prothrombinase
X Stuart-Prower factor complex together with factor V,
which will activate factor I
Xl Antecedent o_f plasma Activates factor IX
thromboplastin
Xl Hageman factor Enables factors XI, VIl and
9 prekallikrein
XIIl Fibrin stabilizing factor Creating cross-links between
fibrin monomers
XV ]I:’rekalllkreln ~ Fletcher Precursor of kallikrein
actor
HMWK - Fitzgerland
XV factor Cofactor
. Role in platelet adhesion; it is
XVI von Willebrand factor linked to factor VIII
XVII Antithrombin 111 Inhibits lla, Xa and other
proteases
XVIII Heparin cofactor Il Inhibits lla
XIX Protein C Inactivates factors Va and Vllia
XX Protein S Cofactor for activated C protein

HMWEK: High-molecular-weight kininogen.

pojmenovany chronologicky podle svého objeveni
* inicialné Morawitz 1905

Fill (tissue factor)
and FIV (calcium)

Fll {(prothrombin) Thrombin

» kaskdadovy/waterfall“ model vr. 1964

* ale koncept je postaven vyhradné na
in vitro datech!!

vSechny faktory s vyjimkou TF (FlIl) jsou pfitomny v plasmé
* v neaktivni formé (zymogeny)
e pouze FVlla normalné cirkuluje v malém mnozstvi jako aktivni
vétsSina faktorl (s vyjimkou TF a FVIII) jsou syntetizovany v jatrech

e FIl, VI, IX a X jsou vit. K dependentni

* plvod FVIIl je stale ne zcela jasny — CD34+ bb. kostni difené v€. megakaryocytd, cirkulujici
monocyty/makrorfagy a jaterni sinusoidy (endotelie)

* dulezité pro event. genovou terapii hemofilie A

substrat

« fibrinogen (FI)
serinové proteazy

* aktivované Fll, VII, IX, X, XI, XII a prekalikrein

* plasminogen, t-PA a u-PA
kofaktory (v tetramernich komplexech)

« HMWK, FVIIl and FV

Fl (fibrinogen) s Fibrin
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Fibrinogen - fibrin

* 3 pary polypeptidl ([A-a][B-B][y]), — 340kDa
* D-E-Ddomény
* Flla (trombin, serinova protedza) odstépuje fibrinopeptidy Aa B a
generuje monomery fibrinu (a-B-y),
* monomery spontanné agreguji a vytvari fibrinovou sit
* trombin rovnéz aktivuje fXIll (transglutamindza), ktery tvori pricné
vazby mezi polymery fibrinu

* bez néj (napf. pfi hereditarnim deficitu fXIIl) je koagulum nestabilni a dochazi ke
krvaceni do hlubokych anatomickych struktur (defekt 2-ni hemostazy)

Fibrinogen
B chain OLChain O'Chain [3'Chain

) e~ Y

D Domain i D Domain

¥ Chain Y" Chain

E Domain

Fibrin

Fibrinogen

*e°

X
Fibrinopeptides A and B
Fibrin 0:0:0)

Polymer |

FXllla
Crosslinking

Crosslinked
Fibrin A WE! \:\1 AW

Plasmin
Degradation

Representative
Fibrin
Degradation
Products

D-Dimer j
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Hemostaza jednoduse — puvodni kaskadovy model

akcesorni

(vnitfni/intrinsic)

primary

systém/cesta (vnéjsi/extrinsic)
prekallikrein PTT Systém/cesta
HMWK Xl XI PT
N\
intrinsic /| Xa extrinsic
tenase
tenase ) W i
Villa Prothroptbinase
Ca*™, PL

Fibrin
monomers

Kaskadovy/vodopadovy model tvofil zaklad pro nase chapani koagulace
témér celé posledni pulstoleti
* poskytoval logické vysvétleni srazecich reakci, avSak vyhradné na zakladé in
vitro laboratornich studii

* tyto pouzivaly plazmaticky protrombinovy test bez pritomnosti desticek

* PT ajeho mezindrodni normalizovanou pomérovou stupnici (INR) pro vnéjsi a
aktivovany parcialni tromboplastinovy ¢as [aPTT] test pro vnitfni drahy byly vyvinuty
na zakladé méreni ¢asu potfebného k vytvoreniin vitro fibrinové srazeniny po re-
kalcifikaci vzorku krve a za pfitomnosti vhodnych cinidel

Pacienti se specifickymi nedostatky ve ,,vnitfni cesté” koagulacni drahy —

napf. FXII, prekallikrein (PK) a HMWK - maji prodlouzeny aPTT (casto
extrémné), ale bez zvysené tendence ke krvaceni

Pacienti s nedostatky v ,downstream® faktorech spojenych s vnitrni
cestou - FVIII a FIX — maji naopak zavaznou tendenci ke krvaceni v situaci,
kdy je vnéjsi systém plné funkcni

Pacienti s deficitem FVII ,,vnéjsi cesty” maji rovnéz krvacivou diatézu, i
kdyz je ,,vnitini systém® pIné funkéni

Vzacné defekty FX a FV, coz jsou soucasti ,,spole¢né cesty” maiji
porusenou hemostazu, u deficitu FXI je porucha klinicky mnohem méné
prediktabilni

TudiZ obé cesty/systémy jsou navzdjem naprosto interdependentni in
vivo!!l a nejsou to alternativy, ale sekvencni faze jednoho procesu

bunécny model koagulace
* TF/FVlla komplex je vyhradnim inicidtorem koagulace in vivo
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Tkanovy faktor — koagulace a dalsi role

' Coagulation
“Bp - ¥
\ X  cax Prothrombin g2+ Fibrinogen
CXa C Thrombin c Fibrin

Factor Vi

20 BEER SRR e
QU OO0 1)

Factor X LOBOLO0T { :::::::.: Boo0oa ::.:::, I,m,:

LLLLLLLLLLLL
--------------------------------------------------------------------------

G-pratein

MAPK,
. ) PKB/Akt
Signaling ais

*  TF-fVlla complex formation on the surface of endothelial cells results in the activation of the
extrinsic coagulation cascade and/or Pars. The serine protease activity of the TF—fVlla binary
complex associated with the plasma membrane initiates activation of downstream
coagulation cascades associated with coagulation factors (IX, X, prothrombin, and
fibrinogen). Otherwise, this protein complex cleaves the N-terminal end of PARs. PARs are
then activated via intramolecular binding between the newly created n-terminus and an
extracellular loop region of the receptors. activation of G-protein coupled receptors
subsequently activates downstream signalling cascades. Phosphorylation of the C-terminal
end of TF could also lead to association with Par2 in a coagulation-independent manner to
augment the signalling cascade M U N I

MED
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Hemokoagulace probiha na povrchu krevnich bb.

* primarni (dfive vnéjsi/extrinsic) cesta je rychla, ale méné

efektivni = INICIACE
* TFje bunécny receptor pro fVlla
* TF+Vlla+ Ca+PL=komplex vnéjsi tenaza

v , . / . . , > ? —_— —

* mnoiZstvi aktivovaného trombinu je malé a nestacihe “n':::lﬁ; R':i;;; : Xl Xlla
pozadované mnozstvi fibrinogenu, ale je uc¢inné k aktivaci P y /
kofaktory fVIIl a fV) a trombocytl

X| —— Xla
N

A

IX =—— |Xa\ +Vllla+Ca+PL

* navic dochazi k rychlé inaktivaci TF inhibitorem (TFPI)

* po zablokovani TF je aktivni akcesorni (dfive vnitini/intrinsic)
cesta, ktera je delsi a vice efektivni = AMPLIFIKACE a PROPAGACE
* aktivace fXI, fIX, fVIII a fV trombinem
* IXa+ Vllla + Ca + PL = vnitFni tenaza, ktera jiz ucinné aktivuje fX
* fXavkomplexusVa, CaaPL (= protrombinaza) u¢inné konvertuje
protrombin na flla a ten stépi fibrinogen
* negativné nabité PL, nezbytné pro tvorbu komplexU jsou
poskytovany trombocyty a monocyty

* uloha HMWK, faktor( XlI a XI (v kontaktu s negativné nabitym povrchem,
napr.
* obnazeny kolagen v sub-endotelialni vrstvé cév
* lipoproteiny (chylomikrony, VLDL)
* sténa bakterii
®* je méneé jasna oproti drivéjsi koncepci o o
* napt. deficit fXIl nevede ke krvacivym staviim Fibrinogen —————— Fibrin

(Extrinsic pathway)
TF + Vlla

Prothrombin Thrombin
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Cell-based model of coagulation

e

i- i Shannon M. Bates. Circulation. Coagulation Assays, Volume: 112, Issue: 4, Pages: €53-e60, DOI: (10.1161/CIRCULATIONAHA.104.478222)

Coagulation is initiated by extrinsic tenase, which forms when
factor Vlla binds to tissue factor. Extrinsic tenase activates factors IX
and X. In the presence of calcium, factor IXa binds to negatively
charged phospholipid surfaces where it interacts with factor Vllla to
form intrinsic tenase, a complex that efficiently activates factor X.

Intrinsic Eflﬁ IX I”I:I Extrinsic
Tenase a |< 4 | Tenase
Caz Ca?*
X X
Xa
Prothrombinase Va
Ca?*
II/_\ lla
Fibrinogen Fibrin

Factor Xa binds to factor Va on negatively charged phospholipid
surfaces to form prothrombinase, the complex that activates
prothrombin to thrombin. Thrombin then converts fibrinogen to
fibrin. Activated platelets or monocytes provide negatively charged
phospholipid surfaces on which these clotting reactions occur.

Platelets function

Plasma membrane

Platelet
o GlycocIlyx Phospholipid

Glycoprotein
X—>Xa

leads to

Plug formation 1. Platelets adhesion
. 2. Platelets aggregation

Prothrombine = Thrombine

labpedia.net
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Koagulacni testy

bleeding time (in vivo, 3-7 min) — primary hemostasis (PLT function)

First-line {screening) testing

i g
= N”\\\e ‘-‘L ng ?'

Second-line (specific) testing

Hemorrhagic disorders

Primary hemostasis

Platelet count
PFA-100

Platelet aggregation

Platelet nucleotides

Platelet factor 3 (PF3)

von Willebrand factor (antigen and functiona

Secondary hemostasis

Activated partial thromboplastin time (APTT)
Prothrombin time (PT)
Fibrinogen (functional)

Intrinsic pathway factors

Factor VII

Fibrinogen (immunological)

Factor Xl

Thrombin time and/or reptilase time
az-Antiplasmin

Plasminogen activator inhibitor-1

Global (alternative) tests

Thrombin generation assays
Thrombelastography/thromboelastometry
Clot waveform analysis

Atomic force microscopy (AFM)

In vivo haemostasis

Endothelial cell —]
Collagen fibrils —

v

0
-

>
von Willebrand factor—{ % o }
Fibrinogen —{ - .o
Platelet O‘ )
%i
Erythrocyte — £ )
Lumen B =
y' ' 4

platelet
aggregometry

PFA-100®

High shear rate
>5000/s

Epinephrine
ABp Membrane with

collagen coating

von Willebrand
factor

%
F.OW_WW_

Erythrocyte
Platelet

Capillary 200 um

==
me



Vysetreni krevni srazlivosti

Vnitini cesta Zevni cesta
Aktivovany parcialni tpl. Cas (aPTT) Protrombinovy cas (PT)
====FXIl, F Xl, F IX, «F VI *TF (F 1)
, *HMWK  PF 3 (PL), Ca?* F VII \
ikrei Ca%
Kalikrein
Pridavaji se Protrombinaza Pridavaji se |

F X, *F V, PL, Ca?*

v

ay —— Trombin
(Fibrinogen)

l

Fibrinové monomery —— Nerozpustny fibrin
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Ztrata krve je zivot ohrozujici stav, dlouhodoba

absence perfuze rovnez

Unfractionated heparin Low-molecular-weight heparin

* Regulace krevniho srazeni Pentasaccharide

SequUENcE Pentasaccharide

* (1) rychlost krevniho toku sequence

* (2) intaktni endotel
* nesmacivy, neadhezivni
* vazodilatace a tedy vysoky pritok (NO, PGl,) Antithrombin Antithrombin
* heparansulfat (neutralizuje serinové protedzy) ‘
* thrombomodulin (neutralizuje trombin) ‘
* t-PA (fibrinolyza)
* (2) koncentrace inhibi¢nich faktord hemostdazy
* (a) kontrola na Urovni trombinu
* heparin (pfirozené z mastocytl a bazofil()
* antithrombin lll (a heparansulfat)
* inhibice trombinu a také IX, X, Xl a XII
® a2-macroglobulin
* heparin kofaktor Il
* al-antitrypsin
* (b) kontrola na urovni FXa (inaktivace FVIIl a V)
* protein C + thrombomodulin
®* proteinS

* (3) aktivita fibrinolyzy

=
N

Factor Xa

=

Factor Xa m
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Proc staza krve muze vést k trombadze (Virchow)

Exposed TF-bearing cells

-

Clotting

Flow

Regulation of fibrin clotting by flow via the factor
VIl activation by factor Xa. The diagram illustrates
the mechanisms controlling initiation of coagulation
in the presence of flow. Factor Vlla initially present
in plasma binds to TF and activates factor X; it is
also inhibited by TFPI. Factor Xa can activate TF-
bound factor VIl in a positive feedback manner.

In the absence of flow, both inhibition by TFPI and
activation by factor Xa are not significant, because
high concentrations of TF present on fibroblast
rapidly bind factor Vlla; they do not need additional
factor VIl activation and are not particularly
sensitive to factor Vlla-TF complex inhibition.

When blood flow is present, factor Xa is rapidly
removed, and the rate of factor X production
becomes insufficient to create fibrin clot (factor
Vlla-TF complex being inhibited by TFPI). This is
when factor Xa-dependent feedback becomes
important: factor Xa activates factor VIl and
increases its own production, counteracting the
effects of flow. At higher shear rates, this feedback
is insufficient, and factor Xa production is strongly
inhibited. Thus, inhibition of factor Vlla-TF complex
by TFPI and factor VIl activation by factor Xa
combine to create a threshold-like response of the
system in flow: rapid clotting at low shear rates and
almost no thrombus formation at higher shear

rates. MUNI
MED



Fibrinolyticky systém

* plazmin (serinova proteaza)
cirkuluje jako neaktivni proenzym
(plazminogen)

 volny plazmin rychle inhibovan a.,-
antiplasminem

Coagulation Fibrinolysis

o o o L) o o o o o o

Coagulation cascade

Plasminogen

* aktivace plazminogenu pomoci t-PA S
(endotel. bb.) a ukokinazy u-PA | PAI-1
(e itel. bb | i Thrombin—— J—
pitel. bb.) na plazmin « t-PA. u-PA

* degradace fibrinu na degradacni
produkty ( )
* jednim z nich jsou D-dimery vyuzitelné Aggregation £ m, : \ Fib)in degradation products
k diagnostice trombdzy g S
* aktivita t-PA je inhibovana PAI-1
e PAI-1 je protein akutni faze a rovnéz
rizikovy parametr asociovany s obezitou

Platelet Fibrin 4; Plasmin |— o,-AP




Poruchy krevniho srazeni

* (A) hypokoagulacni stavy (krvacivé diatézy)
e defekt primarni hemostazy
* poruchy cévni stény (senilni purpura)
* trombocytopenie
* trombocytopatie/thrombastenie
* vc. von Willebrandova choroba
» defekt sekundarni hemostazy (koagulopatie)

* hereditarni
* hemofilieAaB
* von Willebrandova choroba

* ziskané
* malnutrice, chronické jaterni onemocnéni apod.

* (B) hyperkoagulacni stavy (trombofilie)

* hereditarni
* activated protein C resistance (APCR)

e ziskané

* (C) kombinované
* syndrom diseminované intravaskularni koagulace (DIC)




HYPOKOAGULACNI STAVY (KRVACIVE DIATEZY)
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Defekty primarni hemostazy

®* projevy: povrchoveé krvaceni

* kize: petechie (1-2mm), purpura (>2mm), snadna tvorba modfin - ecchymosis (>1cm, horsi u
malnutrice a alkoholik()

e sliznicni: epistaxe, krvaceni z dasni ¢i do GIT, hematurie, menoragie, hemoptyza
* intrakranialni krvaceni az pri tézké poruse popfr. intraspinalni hematom po lumbarni punkci

[ Screening Tests for Haemostasis]

|
Primary Secondary
haemostasis haemostasis

® Bleeding time ® Prothrombin time
@ Platelet count @ Activated partial
® Blood smear thromboplastin time

Primary hemostatic

disorder Secondary hemostatic disorder

Petechiae Hematomas (single or multiple)

Ecchymoses Subcutaneous bleeding

Epistaxis Hemoperitoneum

Gingival bleeding Hemothorax, including hemomediastinum

Menorrhagia and pulmonary parenchyma

Hyphema Hemarthrosis

Hematuria Bleeding into muscles

Melena Central nervous system hemorrhage



Kozni a slizniéni krvaceni pri poruse 1-ni hemostazy

®* (1) poruchy cévni stény (vaskulopatie)
* vrozené
* telengiectasia herediatria (m. Rendu-Osler)
* AD, oslabeni Useku stény cév — telengiektazie (klze, sliznice, plice, urogenitdlni trakt)
* Ehlers-Danlos a Marfan(v syndrom
* defekt struktury pojiva (kolagen a elastin)
e ziskané
* senilni purpura
* bakteridlni toxiny (spala, spalnicky)
* karence vit. C (scorbut)
* imunokomplexy (Henoch-Schénleinova purpura)

* (2) trombocytopenie \
* (3) trombocytopatie/trombastenie

* (4) von Willebrandova choroba

v
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kdensity plt

Thrombocytopenie — pocet trombocytu v KO

referencni interval 150,000 —

400,000/uL

klinicky signifikantni hodnoty az £ 2SD
* riziko krvaceni <50,000/uL + symptomy

thrombocytemie >750,000/uL

1 I I I I 1 1 1 I T I
50 100 150 200 250 300 350 400 450 500 550 600
Platelet count (x10°/L)

/ 68.27% \

Carlantino North Ogliastra

Borbera valley

95.45%

Remainders Ogliastra South Tirolo

West Ogliastra

99.73%




Thrombocytopenie

* pocet trombocytl 150 — 400 000/ul (1.5-4x1011/1)
* vcirkulaci prezivaji cca 8-10 dni

* etiologie - primarni nebo sekundarni

* snizend produkce
* aplastickd anemie (pancytopenie) 1.50 —
* myelodysplasticky syndrom (hypercelularni dien)
* myelofibréza
* jaterni nemoci (¥ TPO)
* B12 a/nebo folat

* destrukce/zvysena spotreba
3 L. L, ) , ] DROWSINESS
* autoimunitni — imunitni trombocytopenicka purpura (ITP) 1.00
®  SLE (systémovy lupus erythemoatodes)
*  APS (anti-fosfolipidovy syndrom)
®* AIHA +ITP = Evansliv syndrom

SYMPTOMS OF THROMBOCYTOPENIA

HEMORRHAGES UNDER THE SKIN
AND MUCOUS MEMBRANES

NAUSEA PURPURA

DIZZINESS

viry indukovana (HIV, hepatitida C)
u nador (CLL, lymfomy)
* polékova (valprodt, metotrexat, ...)
* hypersplenismus - sekvestrace
* zvySena spotieba/konzumpce - pfi mikrotrombotizaci
* DIC
* trombotickd trombocytopenickd purpura (TTP)
* hemolyticko-uremicky syndrom

PETECHIAL RASH HEAVY MENSTRUATION

o
w
o

PROLONGED BLEEDING FROM
A WOUND DURING TOOTH EXTRACTION

pocet trombocytl (x1017/1)
o
i
|

. . ) I,-IELLP (téhotenstvi) = hypertension, elevated liver enzymes and low platelets 20 000/ul
e dilucni
* vétsSinou benigni, napf. v téhotenstvi (expanze volumu)
* krvaceni pfi trombocytopenii
, , , - . . oy - 5 000/ul »
*  povrchové (na rozdil od hlubokého pti poruse 2y hemostazy) = klze, sliznice
® <50000/ul - zvysené riziko krvaceni | | | |
* <20000/ul - vyznamné riziko 5> 10 20 30 40 >0
*  <5000/ul - extrémné vysoké riziko doba krvaceni (mln) I I



Imunitni trombocytopenicka purpura (ITP)

* theinitial event(s) leading to anti-platelet
autoimmunity remains unclear, but strong evidence
exists that autoantibodies and autoreactive CD8*
cytotoxic T cells (Tc) trigger enhanced platelet
destruction and impair platelet production by

| megakaryocytes (MKs) in the bone marrow

* In approximately 60% of all ITP patients, autoantibodies are

found, predominantly against platelet glycoprotein (GP)
llb/llla (~70%) and/or the GP Ib—IX-V complex

B cell mechanisms T cell mechanisms

l Treg I
I ITP mechanism ‘ \ /
o -+ ‘ {
I Antigen Fo
c@ Platelets + Anti-paltelet Ab (90% are IgG)
| Platelet /,/ l A
lysis (-‘Fc receptor
‘ ‘o ) 4 @
Platelet Platelet Impaired \ o 4 +
| desialylation apoptosis thrombopoiesis - Fc ¢ mmm
—_ C3b deposition Macrophage
on platelets |
Impaired Platelet Platelet I A ﬁ.
. . . . o 4 / .
thrombopoiesis  apoptosis desialylation ( é ( e
I \® 4
\ \\'/// +
Macrophage labpedia.net
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Thrombotic thrombocytopenic purpura (TTP)

o TTP is a rare and life-threatening thrombotic microangiopathy characterized by pentade
. microangiopathic hemolytic anemia (MAHA)
. jaundice, tiredness, chest pain, ...
. severe thrombocytopenia
. superficial bleeding (hence purpura)

Thrombotic
Thrombocytopenic

Physiology
Purpura

Ultralarge VWF multimers
secreted from endothelial cells

Circulating ADAMTS13
ultralarge ;
VWF multimers - i

Endothelium

®

ADAMTS13 ‘ Circulating
normal

- VWF multimers

Schistocytes
(blood smear)

Tissue
ischemia
: Microthrombi

J<| (anatomopathology)

. organ ischemia linked to disseminated microvascular platelet rich-thrombi

esp. brain!!! - seizures, altered mental status and other neurological symptoms
. acute kidney failure/AKI
. hemoglobinuria — ATN, Fe toxicity
. fever
o TTP is related to a severe deficiency in ADAMTS13
. a disintegrin and metalloprotease with thrombospondin type 1 repeats, member 13
. ADAMTS13 is the specific von Willebrand factor-cleaving protease
. ADAMTS13 deficiency is most frequently acquired via autoantibodies
. the first acute episode of TTP usually occurs during adulthood

. but rarely, it is inherited via mutations of the ADAMTS13 gene
. TTP begins as soon as childhood

The known players

Causing factors Predisposing Precipitating
factors factors
ADAMTS13 Female gender Conditions increasing
severe deficiency Black ethnicity VWEF levels
(autoantibodies, gene mutations, HLA-DRB1*11 (inflammation, infections,
other mechanisms) Obesity pregnancy...)

e

Protein candidates

Cell receptor / carrier protein for ADAMTS13? Cellular candidates
Physiologic inhibitor to ADAMTS13? Platelets?

Variability of VWF sensitivity to ADAMTS 13 Endothaelial cells?
linked to VWF polymorphisms or to factor H?

The unknown players
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Pathogenesis of TPP caused by ADAMTS13

deficiency

* ADAMTS13 deficiency could be JOEX X X XXX

primary or secondary

* child from TPP due to
hereditary defect

e adult form due to an inhibitor

* note atypical HUS
uremic syndrome) later

* Multimeric VWF adheres to
endothelial cells or to
connective tissue exposed
in the vessel wall

* Platelets adhere to VWF through platelet membrane
GPlb

* |n flowing blood, VWF in the platelet-rich thrombus is
stretched and cleaved by ADAMTS13, limiting
thrombus growth

* |f ADAMTS13 is absent, vWF-dependent platelet
accumulation continues, eventually causing
microvascular thrombosis and TTP

|:| Adulthood-onset TTP

O Childhood-onset TTP

BB nherited TTP

[ Acquired TTP

100 TTP patients

Vessel Wall
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Diseases associated With von Willebrand factor leading

to thrombocytopenia/thrombasthenia

* The vWF has two important functions in
hemostasis

* first, it promotes the adhesion of blood
platelets to the injured vessel wall and

e secondly it functions as a carrier protein for
factor VIl and protects it as a chaperone
from premature inactivation

* The vWF is a glycosylated protein, that is
organized in multimers

* the size of the VWF multimers is regulated in
vivo by a specific plasmatic protease
ADAMTS-13

* von Willebrand disease & TTP

* With a prevalence of 0.03 to 0.1% the von
Willebrand disease is the most frequent
bleeding disorder

 The lack or a severe reduction of the vVWF
cleaving metalloprotease ADAMTS-13 is
associated with the thrombotic
thrombocytopenic purpura (TTP)

dystunctionad / absent

VWFE \?

L

v — /""“m

| A
w\v e PO SR I o /_._J_\' Z(
~
ADAMTS13  Na~Xa K/
aaaaa o= A S
; 4 dysfunctional f abzant
“\  ADAMTS-13

TTp
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Trombocytoza (= trombocytémie) = T trombocyty v KO

* klinicky nevyznamné do >750,000/uL
®* primarni (esencialni) — vzacné
* jedna z forem myeloproliferativnich onemocnéni
(typicky onemocnéni starsiho véku)

* esencialni trombocytemie nebo polycythaemia vera (klonalni

proliferace)
* sekundarni (reaktivni) — béznéjsi
* 100% u déti
* 80% u dospéelych
e priciny
e T TPO (thrombopoetin)

* (TIL-6 > TPO)
* T EPO (mimikuje efekt TPO)

* Fe deficience, krvaceni, hemolyticka anemie, malignita (anemie)
o TIL-6 (zanét)

* infekce, malignita r—
RIZIKO KRVACENI

RIZIKO TROMBOZY

500.10%/1 1000.10%/1 1500.10%/1 2000.10%/1

Pocet trombocyti v periferni krvi

Clonal Reactive Spurious
Essential ) _
thrombocythemia Infection Microspherocytes

Polycythemia vera Inflammation Neoplastic cell fragments

Primary myelofibrosis Iron deficiency Schistocytes

Chronic myeloid
leukemia

Hyposplenism Bacteria
After surgery

Hemolysis

Malignancy

Effect of drugs

Source: adapted from Bleeker and Hogen'®

SYMPTOMS OF THROMBOCYTOSIS

BLOOD CLOTS

VISUAL IMPAIRMENT GUM BLEEDING

zvySené krvaceni
je dasledkem
konsumpce
desticek pfri
tvorbé
mikrotromb

HEADACHE NOSEBLEEDS

WEAKNESS, IRRITABILITY BLOOD IN THE FECES

PAIN AND NUMBNESS
IN HANDS AND FEET
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Thrombocytopatie = porucha funkce desticek

Deficiency:
Bernard-Soulier
syndrome 1‘ l }
Deficiency:
Glanzmann Gplb / /
Platelet

thrombasthenia

f

Gpllb-llla
complex

/)
7%

(' Bog &

Endothelium v pib //

ADP induces

conformational \
Q change \ von Willebrand

= factor l
e e Deficiency:
. von Willebrand

Subendothelium disease

© Elsevier. Kumar et al: Robbins Basic Pathology 8e - www.studentconsuit.com

* porucha adheze a agregace
* Bernard-Soulier(iv syndrom
* porucha receptoru GPIb-IX

e Glanzmannova trombastenie
* porucha receptoru GPIlb-llla

e von Willebrandova nemoc
* vWf deficiency
* porucha degranulace
* Hefmanského-Pudlaklv syndrom
e Chédiak-Higashiho syndrom
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von Willebrandova nemoc

nejCastéjsi vrozena porucha koagulace

skupina stavl vedoucich ke snizeni hladiny vWf v
plazmé a subendotelu

e VvWIf je nezbytny k funkci 1-ni hemostazy - porucha
adheze trombocyt(

i 2-ni hemostazy - VWS je rovnéz plazm. nosic fVIII
* bez ného je nestabilni a rychle degradovan

gen pro VWTf je na autozomu (chrom. 12)
* vyskytuje se tudiz (na rozdil od hemofilie) u muzl i zen

(i chlapce ¢i divky)
nékolik typd vW nemoci

typ 1 (¥75%) — snizeni koncentrace vWf (kvantitativni
porucha)

* symptomy obvykle mirné
typ 2 (*20%) — normalni koncentrace nefunkéniho vWf
(kvalitativni porucha), 4 podtypy

* porucha vazby na destic¢ky (typ 2A)

porucha vazby na kolagen subendotelidlni vrstvy (typ 2B)
porucha transportu fVIII (typ 2N)

typ 3 — absolutni deficit vWf (homozygoti) (tézka
kvantitativni porucha)

pFi AD dédi¢nosti vVWD je 50% pravdépodobnost onemocnéni

Autosomal dominant

Unaffected g 2 ' Affected
parent parent
Inheritance of VWD
lI Il ” (von Willebrand Disease)

Unaffected Affected Affected Unaffected

child child child child
[] Unaffected . No VWD
W Affected
ﬁ - - a ﬁ . Mild form
[ | | 1 . Severe form
o~ o~ il ™ - -~
I B |
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Existuje mnoho subtypu vWD a proto velmi

variabilni symptomatologie

® ~ S > ®© @
Weibel-Palade Body ~ YWF Propeptide VWF Resting ~ Platelet Endothelial cell
(VWFpp) Platelet Alpha Granule
Type 1C VWD
Type IZVWD = Type 3 VWD mi % !
VWF:Ag = VWF:Ag “RCo =
VWF:RCo ¢ = va;RCOlum FVIIL:C 1 i
Vil 4 = i JJ| VWFpp/VWF:Ag Ratio
Multimers Normal Multimers Absent Multimers Abnormal
Higher MWM
/ \ /
Decreased Increased
Secretion \\ Clearance /
oo
<= \\ /,i
oo / \ /
‘@@
oo T —
-, ~

Quantitative defects of von Willebrand factor, as seen in von Willebrand disease types 1 & 3.
In the classic presentation, type 1 VWD sees a decrease in VWF:Ag, VWF:RCo, and FVIII:C, and
multimer levels are normal. Type 3 VWD presents with the same decreases, but to a much
greater degree, and multimers are absent. Types 1 & 3 both show decreased secretion. Type
1C presents similar decreases to type 1, but shows an increase in the ratio of VWFpp to
VWEF:Ag and an abnormally high quantity of multimers, as well as increased clearance.

Weibel-Palade f Resting Activated  Platelet ,
Body ADAMTS13  \awr Platelet Platelet Alpha Granule Endothelial cell Factor VI
Type 2A VWD
VWEAg | Type 2B \i’WD Type 2MVWD I
VWF:RCo VWF:Ag — VWF:Ag -
FVIIL:C H wrRCo | i wWERGo, +} =
| : Fvie | FVIIi:C :
Multimers Abnormal Multimers Abnormal Multimers Normal
LD RIPA Enhanced
Decreased
Decreased Increased o
. o Increased binding to
Secretion susceptibility bindine t Iatelets
to ADAMTS13 Inding to p
platelets A
Type 2NVWD g
vwrAg =
VWFRCo | i
Fvie 44
Multimers Normal
‘ - e Decreased
binding to FVIII

‘o ‘o> I

Qualitative defects of von Willebrand factor, as seen in von Willebrand disease type 2.

Like types 1 & 3, all forms of type 2 VWD present with a decrease in VWF:Ag, VWF:RCo,
and FVIII:C. In type 2A, there is decreased secretion of VWF and an increased

susceptibility to ADAMTS13 and abnormal multimers. Type 2B presents with increased
binding to platelets, abnormal multimer count, and enhanced LD RIPA. Type 2M shows
decreased binding to platelets and multimer levels are normal, while type 2N presents
with decreased binding to FVIIl and normal multimers as well. M U N I
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Poruchy sekundarni hemostazy

typické krvaceni do hlubsSich anatomickych struktur/tkani, napf. klouby,
svaly, mozek, retroperitoneum, pleura, ...(nejsou petechie a purpury)

* (A)vrozené poruchy

* hemofilie A (Xg-chromozom vazanad) — defekt fVIlI

* fVIIl je kofaktor pti aktivaci fX na fXa v reakci katalyzované fIXa (intrinsic tenase)

snizeni koncentrace az na 25% normal( neplsobi koagula¢ni poruchu, snizeni na 25-1%
mirnd forma, <1% tézka forma

>150 bodovych mutaci v fVIII genu — velka fenotypova variabilita!!!
* pfipadné je na viné inhibitor fVIlI

prevalence v muzské populaci 1:5,000 az 1:10,000
* hemofilie B (Xg-chromozom vazanad) — defekt fIX

* prevalence 10x mensi nez hemofilie A

* >300 bodovych mutaci v fIX genu (85% bodové, 3% kratké delece a 12% rozsahlé delece)
defekty ostatnich faktor( - RICD (recessively inherited coagulation disorders)

® vzacné, vétSinou autozomalné recesivni, klinicky manifestni poruchy jen pfi tézkém
deficitu

¢ afibrinogenemie (defekt fl)
* hemofilie C (defekt fXI) — ASkenazy Zidé
* ostatni
* (B) ziskané poruchy
* jaterniinsuficience/selhani

* nedostatek vitaminu K (porucha resorpce tukd ve stfeve) |
« DIC |

e




Hemophilia
Parents

) ( ’ (

XY X! X2

Father Mother

(Carrier)
X2 Y Xt X XY X X2
Son Daughter Son Daughter

(Carrier) (with
Hemophilia)

Parents
2 ‘ ' (
X Y X1 X2
Father Mother

(with Hemophilia)

|

X X X2y X X2
Son Daughter Son Daughter
(Carrier) (Carrier)
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Genetika hemofilie A ad B — X-chromosom vazane




Manifestni hemofilie u zen — rodige nebo chromosomalni

mozaicismus (lyonizace)

An early female embryo chooses, at random, to inactivate paternal
X chromosomes (blue, normal) in some cells and maternal ones
(red, with a hemophilia A mutation) in others. On average (middle
right) half the cells retain the ability to make factor VIII normally

and half do not. Occasionally, most cells retain the ability to make
factor VIII (top right) or lose that ability (bottom right). MUl
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DIC (konzumpcni koagulopatie)

zpocatku nadmeérnd koagulace (tromboticky stav), ale posléze vycerpani koagul. faktorud (krvacivy stav)
koagulace pri DIC je mistné neohranic¢ena a neni primarné reakci na poskozeni recisté

patogeneze

* v cirkulaci neni normalné pritomen TF!!!
* endotel ani kr. bb. jej na svém povrchu neprodukuji
» pfri nékterych patologickych stavech se vyskytuje a aktivuje faktor VIl (a ndsledné vnéjsi cestu kr. srazeni)
* patologické zdroje TF
* bunky jinych tkani — napf. bb. plodu pti porodu, rozsahla poranéni, rozsev
nadorovych bb. pfi operaci atd.
* patologické kr. elementy exprimujici TF — napft. pti myelo- a lymfoproliferacnich
nemocech

* patologicky aktivované endotelie a monocyty, které zacnou exprimovat TF
v membrdné — napf. endotoxinem pfi sepsi

®* TF z cytoplazmy erytrocytl uvolnény pfi hemolyze

dUsledky
« 1. faze - tvorba mikrotromb0 v mikrocirkulaci
* ischemie az gangrény
e 2.faze - hypo- az afibrinogenemie, trombocytopenie
* krvaceni do orgdnu
» patologicky vystupriovana fibrinolyza




I agree O-positive is rather nice,
but my favourite by far is AB-negative...
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