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Patofyziologie poruch krevniho srazeni
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Hemostdaza

— Hemostdza je dé€j, ktery zabranuje signifikantni ztraté krve pri
poranéni cévni stény.

— Interakce endotelu cévni stény, desticek, koagulace a
fibrinolyzy, jejimz cilem je rovnovdha vsech procesu, které
pokud mozno zabranuji ztraté krve pri poranéni cévni stény o

zqjisfuji prochodnost cévniho recisté.
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Abnormalni hemostdza

— Excesivni koagulace vede k tvorbé tfrombu, ktery potencidlné
mUze zastavit krevni proud v dané oblasti (obstrukce).

— To se muze stat predevsim u imobilizovanych a
hospitalizovanych nemocnych.

— V EU je podobnym problémem trombembolickd nemoc, kterd
postihuje kazdorocné az milion osob.
Excesivni krvaceni vznikd naopak pri neodstatku koagulacnich

faktorO.
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Tvorba trombu

Desticky

Erytrocyty

Fibrin
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Poskozeni cevni steny

— Vede k témto déjum:

— Vazokonstrikce k omezeni prutoku

— Cirkulujici desticky adheruji na defekt v cévni sténé. Ndasledné se
aktivuji a agreguiji, coz je spojeno s aktivaci koagulacnich faktory,
kterd probihd na jejich povrchu.

— Aktivovany trombin vede k odstépeni fibrinopeptidu A a B a tvorbé
filorinovych monomeru. Ty jsou ndsledné zpevnény pricnymi
vazbami pod vliivem aktivovaneho faktoru Xlll (aktivovdn
trombinem).
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Cesta aktivace desticek (1)

KOLAGEN

HROMBIN
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ADP
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Adrenaline
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Cesta aktivace desticek (2)

/azne misto pro figrinégen

Fibrinogen

— A

Agregace desticek
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Koagulaéni kaskdda

— Soubor reakci protedz zahrnuijici asi 30 ruznych proteinu.

— Tyto reakce vedou ke konverzi fibrinogenu jako solubilniho
proteinu na nerozpustny fibrin.

— Desticky a fibrin vytvareji stabilni krevni zatku.
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Site Thrombogenic Antithrombogenic
Vessel wall Exposed endothelium  Heparin

TF Thrombomodulin

Collagen Tissue plasminogen activator
Circulating Platelets Antithrombin
elements  Platelet activating factor Protein C and S

Clotting factor Plasminogen

Prothrombin

Fibrinogen

vWF

vWF — Von Willebrand factor; TF — Tissue factor
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Na bunkdch zalozeny model (,,cell-based model*)

— Tento model identifikuje membrany bunek vystavujicich tkanovy
faktor (TF) a povrch destiCek jako mista aktivace specifickych
koagulacnich faktoru.

— Tento model predklada proces skladajici se ze tri fazi: iniciace,
amplifikace a vlastni akce trombinu-tvorba zatky.

— Iniciace = tvorba komplexu TF-FVlla, ktera vede k aktivaci maleho
mnozstvi trombinu.

— Propagace = aktivace desticek trombinem a tvorba komplexu
FIXa-FVllla s naslednou aktivaci faktoru Xa.

— Tvorba zatky= tvorba protrombinazoveho komplexu a tvorba
velkeho mnozstvi trombinu, coz vede k tvorbe zatky.
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Iniciacni faze koagulace
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Figure 2
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Current concept of coagulation (initiation phase)

Palta S et al., Indian J Anaesth, 58:515-523, 2014
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Iniciacni faze koagulace

— Koagulacni kaskada je aktivovana, pokud defekt cévni stény umozni
krvi vejit v kontakt s bunkami s tkdnovym faktorem.

— Na membrdanu vazany tkanovy faktor TF aktivuje FVII na Vlla, coz vede
k tvorbé komplexu TF-Vlla.

— Tento komplex vazany na membrdanu desticek aktivuje Faktor [X o
Faktor X.

— Faktor Xa konvertuje malé mnozstvi protrombinu (Faktor Il) na trombin

(Faktor lla), ktery aktivuje Faktor V na FVa a Faktor VIl na FVilia.
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Propagacni faze koagulace
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PROPAGATION
PHASE

Current concepts of coagulation (propagation phase)

\.

Palta S et al., Indian J Anaesth, 58:515-523, 2014
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Coagulation Cascade Textsize A A A

Coagulation Cascade PROPAGATION

Tenase Complex c

Activated Platelet

Q) Throrwain Burst
o) I
Q)

Anticoagulation Drugs

Natural Inhibitors @

Prothrombinase Complex

Fibrinolysis
The central role of Factor Xa <
Legend: - On the surface of activated platelets, Factor Xla activates free Factor IX, which then forms ﬁ
the tenase complex with Factor Villa. This IXa-Villa complex activates Factor X, which in
tum forms the prothrombinase complex with Factor Va, phospholipid (PL), and calcium. @
6 = inactive factor
- Factor Xa is the pnme component of the prothrombinase complex, which converts large
amounts of prothrombin (Factor Il) to thrombin, described as the “thrombin burst”. Each

active factor molecule of Factor Xa generates approximately 1000 molecules of thrombin.

- Thrombin amplifies the coagulation cascade through activation of Factor Xl to Factor Xla.
transformation
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Propagace koagulace

— Na poskozeném povrchu cév se aktivuje faktor XIl na Xlla. Ten aktivuje
FXI na FXla a ten ddle FX na FXa.

— Na povrchu aktivovanych desticek aktivuje FXa volny faktor FIX na
FIXa, coz potom tvori fendzovy komplex s FVlla.

— Tento IXa-Vllla komplex ddle aktivuje FX na FXa, kterd spolu s FVa,

fosfolipidy povrchu desticek a Ca++ vytvari profrombinovy komplex.
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Propagace srazeni: centrdini role pro faktor Xa

— Faktor Xa spoleCné s aktivovanym Faktorem V (Va) jako kofaktorem
podporuji srazeni tvorbou tfrombinu (Faktor lla ) z protrombinu (Faktor
Il).

— Faktor Xa je primdarnim mistem propagace tohoto procesu; jedna
molekula Faktoru Xa katalyzuje tvorbu asi 1000 molekul irombinu.
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Finalni krok: tvorba fibrinu

— V koneCném kroku série protedzovych reakci, ktere vedou k
tvorbé krevni srazeniny, tfrombin vyvold konverzi solubilnino
filbrinogenu na nesolubilni fibrin.

— Thrombin také aktivuje Faktor XllI, ktery stabilizuje srazeninu
zkrizenym provazanim fibrinu.

— Vysledny fibrin vychytava a zadrzuje dalsi celularni komponenty
srazeni (destiCky a erytrocyty).
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Coagulation Cascade

Thrombin C)

Anticoagulation Drugs

Natural Inhibitors
Fibrinogen
Fibrinolysis - Thrombin converts fibrinogen to fibrin
monomers, which form fibrin polymers.
Legend: - Thrombin activates Factor Xl to Factor Xilia,

which cross-links fibrin strands, leading to fibrin
scaffolding that, along with blood cells, forms a
stable clot.

inactive factor

p
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- Thrombin further promotes clot formation

through activation of platelets. Platelet

active factor
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Fibrinolyza: znovuustaveni krevniho prutoku cévou

— Fibrinolyza je proces, behem kterého je rozstéepen fibrin. Vede
tedy k rozpusteni zatky.

— Plasminogen je prekurzor plasminu, ktery rozstepi tyto fibrinove
zatky.

— Behem tvorby zatky jsou aktivatory plasminogenu inhibovany.
Béhem tvorby zatky dochazi k sekreci tkanovych aktivatoru
plasminogenu endotelialnimi bunkami, protoze zacina proces
obnoveni strukturalni integrity cévni steny.

— Leéky, které konvertuji plasminogen na plasmin, se uzivaji k lécbé
akutnich, zivot ohrozujicich trombotickych nemoci.
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coaguiation vascaade

Coagulation Cascade

Anticoagulation Drugs

Natural Inhibitors

Fibrinolysis

Legend:

inactive factor
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FIBRINOLYSIS

Plasminogen Activator

Plasminogen v Plasmin

@ -0

- Fibrinolysis serves to limit the size of the dol.

- Plasminogen activalors (secreled from an injured endothelium after stimulation by
thrombin, bradykinin, and kallikrein) convert plasminogen to plasmin.

- Plasmin breaks up the fibrin strand into smaller fragments. These degradation
products can in turn inhibit thrombin and fibrin formation.

- D-dimers are end products of degradation and play a role as nonspecific markers
for VTE.

D-Dimers
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(a) Conversion of plasminogen to plasmin

Plasminogen

t-PA

/&0_ Plasmin
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v Fibrin

Lysine binding site Fibrin digestion

B X

Plasmin

Fibrinolyza

a,—antiplasmin
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PLASMINOGEN » PLASMIN

+tPA
+uPA @ AP
FIBRINOGEN y —»f FIBRIN
DEGRADATION
@ PRODUCTS

©

THROMBIN

» TAFI

Regulation of the fibrinolytic system

Articles from Indian Journal of Anaesthesia are provided here courtesy of Medknow Publications
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Coagulation Cascade Textsize A A A

Coagulation Cascade NATURAL INHIBITORS TFPI-Xa

Anticoagulation Drugs

Natural Inhibitors TFPI
Tissue factor pathway inhibitor (TFP!) from endothelial and ‘ ;‘
other cells forms a complex with Factor Xa to inactivate it.

Fibrinolysis The TFPI-Xa complex then inactivates the membrane-

bound TF-Vila complex.

APC

Activated protein C (APC) inactivates Factors Va and Villa
with protein S as a cofactor. APC is converted from protein
C by a complex of thrombin and thrombomodulin.
Thrombomodulin is bound to the membranes of endothelial
cells.

Legend:

AT

Antithrombin (AT) binds activated coagulant Factors (lla,

IXa, Xa, Xla and Xlla) that are not clot-bound or in the

"3 prothrombinase complex. AT is activated by endothelial
heparan sulfate.

inactive factor

Q
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active factor
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» = catalysis Fibrinogen " Fibrin
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Prirozené inhibitory koagulace

— Antitrombin (drive AT lll) — vyvazuje aktivovane vitamin K
dependentni koagulacni faktory (aktivovan heparinem)

— , Tissue factor pathway inhibitor” —produkovan endotelialnimi
bunkami. Inhibuje TF-Vlla komplex

— ,Protein Z dependent protease inhibitor/ protein Z (PZI)"
produkovan jatry. Inhibuje FXa v pritomnosti PZ a Ca++
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Prirozené inhibitory koagulace

— Cesta proteinu C — vyvazuje aktivované proteiny Va a Vllla pote, co je
aktivovan trombinem, s proteinem S a fosfolipidy jako kofaktory.

— Sklada se ze 4 klicovych slozek:

— protein C (aktivovany protein C = APC),

— trombomodulin (zabranuje srazeni na neposkozeném endotelu vyvazovanim
trombinu),

— receptor pro endotelialni protein C (pomaha aktivovat protein C),

— protein S — produkovan endotelialnimi bunkami. V krvi existuje volny (40%) a
vazany (60% ve vazbé na C4b-vazny protein). Volna forma pomaha
deaktivovat aktivované proteiny V a VllI; vazana forma funguje jako inhibitor
komplementu a je upregulovana u zanétlivych stavu, coz redukuje hladiny
proteinu S a to vede k prokoagulacnimu stavu.
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t Tissue factor pathway inhibdor
Tissue factor
Vlla complex
Protein C
Protein S
Factors V, VIII, IX, X, XI Theombomadulin
Thrombin Antithrombin
-2 Antiplasmin Piasmin |
Plasminogen activator inhibitor Tissue plasminogen activator
Factor XIII
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http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1113754/
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CLOT

Antithrombin (AT) is a
serine protease inhibitor
(SERPIN) that inhibits
factors Xla, IXa, Xa,
FVIIa/TF, and Thrombin
(I1Ia)

AT inhibitory activity is
increased 1000 fold by
heparin

Plasma half-life is 60-70
hours
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~ OFED PC and PS Deficiencies

Prctem e j - _' Proteln S

- CIa55|f|cat|on “ PS either circulates freely as
Free PS (40%) or bound to
— Tywe TI (qualitative) C4b-Binding Protein (60%)

T _ — Free form is active
& Relative risk for thrombosis — C4b-BP is acute phase
~6.5

reactant

@ Relative risk for thrombosis ~2
but difficult to predict since in

— Type I (quantitative)

& Onset of thrombosis is before
middle age (<45 years)

“ Homozygous deficiency is some families the risk is

associated with neonatal substantial (possible

purpura fulminans interaction with other defects)
“Relive ik st of he cumuiative. Type [P Actviy [ Free S Anien] Toal P Ancigen
incidence rate in the exposed to the 1 Low Low Low
cumulative incidence rate in the non- I Low Normal Normal
exposed population 111 Low Low Normal
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cuor- Acquired Deficiencies: PC, PS, AT

“ Acquired deficiencies of Protein C and Protein S

— Oral anticoagulants (warfarin) or Vitamin K deficiency

— Liver disease

— Post-operatively

— Disseminated Intravascular Coagulation (DIC)

— Consumption during an acute thrombotic event

— PS also reduced in nephrotic syndrome and pregnancy
“ Acquired deficiencies of Antithrombin

— Heparin therapy

— L-asparaginase therapy

— Liver disease

— Nephrotic syndrome

32 Prof. Anna Ves
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Koagulacni faktory

— Neaktivovane-po syntéze v jatrech

— Postranslacné upravene vitaminem K —vitamin K dependentni
koagulacni faktory = serin proteazy

— Aktivovaneé —aktivované serin proteazy, dalsi aktivovane faktory

(Va, Vllia)
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LOTED Role of Liver in Hemostasis

& Sjte for synthesis
— All coagulation factors (except VWF)
— Regulators of coagulation proteins (Antithrombin, Protein C, Protein S)
— Fibrinolytic proteins (Plasminogen, Antiplasmin, Thrombin Activatable
Fibrinolysis Inhibitor [TAFI])
“« Site for carboxylation of vitamin K-dependent proteins

— Procoagulant factors: II, VII, IX, X and anticoagulant proteins: Protein
C, Protein S

— Process allows these proteins to bind to cellular membranes and
participate in macromolecular complex formation on these surfaces
resulting in Thrombin formation

& Site for clearance

— Activated coagulation factors, enzyme-inhibitor complexes (ie,
thrombin-anthithrombin complexes), & fibrin degradation products

www.CLOT-ED.com 25
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Synthesis of Vitamin K-Dependent Coagulation Factors

Vitamin K absorption and metabolism

~SHN A CRAIC a0
e claa

Dietary sources
(vitamin K,)

Nascent v-Carboxy-

I, 1IX, X, ‘ glutamic
b A2 s Vil, IX, X, Il

Bacterial synthesis
(vitamin K,)

Circulation
Vitamin K mechanism of action

O
~ CH Synthesis of functional forms of VI, IX, X and |l depends on
- vitamin K, the cofactor for a carboxylase enzyme that adds
Phytyl ¥-carboxyl groups to glutamic acids in nascent coagulation
6 chain proteins VI, IX, X and |l
Vitamin K e
21 f(
= K | NAD* Calcium Ca*t
SR SR bridge -00c? “COO-
HN, Sl

Ca++ H!NSL_'\_%"‘)

HCO;~

2 1 COO™  carboxylase GQO‘é eleley
3 Nascent Y¥-Carboxyglutamic Functional
A VH, IX, X, 1l v, IX, X, 1 VIL X, X, |
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Krvacivé nemoci vrozeneé

—Von Willebrandova nemoc
— Hemofilie A

— Hemofilie B

— Hemofilie C

— Deficit faktoru V
— Deficit faktoru VI
— Deficit faktoru V
— Deficit faktoru XIII
— Deficit protrombinu

— Afibrinogenémie

36 Prof. Anna Vasku
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Krvacivé nemoci ziskaneé

— Konsumpcni koagulopatie

— DIC-diseminovana intravaskularni koagulace
— Mikroangiopatické hemolytické anemie

— Deficit vitaminu K

— Nemoci jater

37 Prof. Anna VaskU

=

=

m
O =



Trombotické nemoci (trombofilie) vrozene

— Hereditani trombofilie
— Deficit AT Il

— Deficit proteinu C

— Deficit proteinu S
— Faktor V Leiden
— Mutace v genu pro protrombin (20210)

38 Prof. Anna VaskU
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Trombotické nemoci (trombofilie) ziskane

— Sy antifosfolipidovych protilatek
— Zvysené hladiny faktoru VI, IX, XI a fibrinogenu
— Defekty fibrinolyzy

39 Prof. Anna VaskU
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Wy ol Thrombophilia

“ Tendency to develop thrombi in veins (venous thrombosis) or
arteries (arterial thrombosis)

— Thrombophilia in western countries is frequently used in the
context of venous thrombosis

“ Thrombosis is a complex (multicausal) disease in which many
different pathways can contribute to the risk of developing

disease
— Singularly, inherited and acquired
risk factors have may have only a &

moderate effect
— Risk is greatly increased when
two or more risk factors combine
e Genetic and genetic ;
e Genetic and environmental

Thrombosi

FV Leiden
Genotype
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CLOT Acquired Thrombophilia

“ Risk factors for thrombosis - Disorders
— Antiphospholipid Syndrome (APS)
— Underlying malignancy
— Pregnancy/postpartum
— Heparin-Induced Thrombocytopenia (HIT)
— Paroxysmal Nocturnal Hemoglobinuria (PNH)
— Disseminated Intravascular Coagulation (DIC)

“ Risk factors for thrombosis - Environmental
— Stasis due to prolonged immobilization, obesity
— High risk surgeries (orthopedic)
— Trauma
— Previous thrombosis
— Oral contraception (OC) and hormone replacement therapy (HRT)

1 Prof. Anna Vasks
4 www.CLOT-ED.com 45



Tromboéza — castd a potencidlné zZivot ohrozuijici
situace

— Hraje roli behem srdecnich prihod, IM,
kardioembolicke prihody u pacientu s fibrilaci
siNl a U venozniho frombembolizmu (VTE).

— Posttromboticky syndrom a plicni hypertenze.
— Tromboprotylaxe
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http://www.thrombosisadviser.com/en/_global/glossary.php#glossary-thromboprophylaxis

VTE: ¢asta komplikace velkych ortopedickych
operaci
— VIE nejcastéjsi komplikace u nahrad kycle a kolena.

— Nejcastéjsi pricina reoperace

43 Prof. Anna Vasku
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http://www.thrombosisadviser.com/en/_global/glossary.php#glossary-venous_thromboembolism

DVT: hluboka zilni trombodza

— Nd&hrada velkych kloubU
— Rakoviny

— Koagulopatie

— Dlouhodobd hospitalizace

—l/elké riziko plicni embolizace

_ AIDS, rakovina prsu, prostaty, polytraumata zpusobend
dopravnimi nehodami

44 Prof. Anna Vasku
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CLOTED Venous Thrombosis

“ Venous system: low flow & pressure
“ Thrombi are fibrin rich

« Function of age, biologic conditions, genetic & environmental
factors, and their interactions
“« Venous thromboembolism (VTE)
— Deep vein thrombosis (DVT)
— Pulmonary embolism (PE)
— Superficial, portal, cerebral, or retinal vein thrombosis

« Reasons for coagulation testing
— Risk for recurrence of thrombosis
— Treatment considerations (duration & intensity)
— Genetic counseling for affected family members
— Prophylaxis for high risk situations
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cLor -~ Prevalence for Venous Thrombosis

'Prevalence: proportion of persons with disease

O FV Leiden 20%

O Surgery/Trauma 16%
® FVIII (>150U/ml) 16%
B Immobilization 15%
E Malignancy 10-15%
B APS 2-14%

B HyperHyc 5-10%
OPT 20210 6%

B Protein C 3%
OProtein S 1%

E Antithrombin 1%

@ Dysfibrinogenemia <1%

HyperHyc: Hyperhomocystéinemia

www . CLOT-ED.com
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CLOFED Genetic Risk Factors

« Decreased activity of natural anticoagulants
— Antithrombin, Protein C, and Protein S

— Penetrance is incomplete and expression is dependent
upon presence of second genetic defect and
environmental factors

“« Impaired downregulation of procoagulant activity

— Activated Protein C Resistance (Factor V Leiden)
“ Increased procoagulant activity of plasma proteins

— Fibrinogen, Prothrombin (PT 20210), factors VIII, IX, XI
“« Impaired fibrinolysis (weak association)

— Plasminogen (deficiency), FXIII polymorphisms

www.CLOT-ED.com

33




48 Prof. Anna Vasku

B
CLOT

Protein C (PC) and Protein S
(PS) are Vitamin K-
dependent natural
anticoagulants

Thrombin in the presence of
Thrombomodulin (TM)
“modulates” its own
procoagulant activities to
those of anticoagulant by
activating PC, in the
presence of its cofactor PS,
to Activated PC (APC)

APC downregulates
coagulation cofactors, VIlia
and Va

& Protein C Pathway |

C4b-BP

+
Protein S

1

PS Free
APC

www.CLOT-ED.com
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A single base mutation
(guanine to adenine at
position 1691 of the FI/
gene) is responsible for
the Arg506GIn mutation
known as FV Leiden

Phenotype is
characterized by a
reduced anticoagulant
response to APC (FV
Leiden is inactivated 10
fold slower than normal
FV)

| | ——THROMBIN

N

Protein C Pathway
C4b-BP

4

Protein S
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Polymorphism (adenine
substituted for guanine PrQ €
at nucleotide 20210) in

the 3’-untranslated

region of the gene
encoding for Factor II Factor Il Levels and Thrombosis
(Prothrombin)

Patients heterozygous
for the mutation have o ' .
elevated levels of ' |
Prothrombin but activity |
levels can not be used to | Lo i A
exclude genetic defect |
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Heparin/LMWH—rizika

— Heparin LMWH (,,Low Molecular
— Krvaceni Weight” Heparin)
— Trombocytopenie B Krvdaceni
— Osteoporoza ®E Trombocytopenia
(vitamin K2) B Hypersenzitivita
— Hypersenzitivita P

51 Prof. Anna VaskU
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LMWH

— LMWH je eliminovan zejmeéna ledvinami, coz je riziko pro pacienty
s postizenim ledvin.

— LMWH se ziskava z vysoce sulfatovaného polysacharidu z
praseci sliznicni tkane. Depolymerizaci tohoto substratu vznika

smeés fragmentu LMWH o délce 6-22 cukernatych zbytku.
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Warfarin—Mechanismus ucinku

Vitamin K

VII
Vitamin K Utilization Synthesis of
Reduced Dysfunctional
Coagulation

X Factors

Warfarin



Warfarin—nezddouci efekty

— Fatdlni nebo nefatdini tkanove nebo orgdnové krvdceni

— Nekrdza kuze nebo dalsich orgdnu

— Systémovd cholesterovd mikroembolizace
— Alopecie

— Purple toes syndrome, urticaria, dermatitis including bullous eruptions
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Vitamin K a vaskularni kalcifikace

— U pacientU s chronickym onemocnénim ledvin a s end-stage chronickym rendinim
selhdnim je typicky vyskyt rendlni osteodystrofie a akcelerované aterosklerdzy.

— Vitamin K a vitamin K-dependentni proteiny hraji zasadniroli v prevenci ektopické
kalcifikace: jsou to zejména osteokalcin (regulujici mineralizaci kosti) a matrix-Gla
protein (MGP, mistni inhibitor kalcifikace cévni stény). Deficit vitaminu K (warfarin?)
meéni jejich fyziologickou funkcii a zrejmé zodpovidd za demineralizaci kosti
ndslednou kalcifikaci cévni stény (tzv. kalcifikacni paradox). Z tohoto divodu
riskantni dlouhodobd aplikace warfarinu u pacientU s chronickym rendlnim

onemocnenim, chronickym rendlnim selhdnim (dialyza).
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http://www.ncbi.nlm.nih.gov/pubmed/19363777

Figure 1
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Nova oralni antikoagulancia (NOAC)

Table 1

Pharmacokinetics and reversal of new oral anticoagulants

Dabigatran Apixaban Rivaroxaban Edoxaban
Mechanism Direct factor lla inhibitor Direct factor Xa inhibitors
tmax (hours) 1-3 2-3 2-4 1-2
Protein bound 35% 87% 95% 20%
vd (L) 60 21 50 300
Excretion Renal Renal/hepatic Renal/hepatic Renal
T1/2 (hours) 12-17 8-15 9-13 8-10
Dialyzable Yes No No No
Drug interaction P-gp inhibitors P-glycoprotein inhibitors & or CYP3A4 P-gp inhibitors
inhibitors

Monitoring Thrombin clotting time Anti-Xa activity®

Ecarin clotting time?
FFP Not effective Not effective
PCC Partially effective?® Partially effective?®
Target reversal Idarucizumab Andexanet alfa

Aripazine Aripazine

2 Normal TT or aPTT suggests a low plasma dabigatran level.
® Prothrombin time is prolonged, but dependents on reagents used.
© Activated PCC may be more effective, but there are no large-scale clinical trials, and there is a potential risk of thrombosis.
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Koagulacni testy

— Screeningove testy
— Krvacivost
— Pocet desticek

_ Protrombinovy &as QuickOv (PT)

— Parcidlni fromboplastinovy ¢as (PTT)
— Trombinovy cas (TT)

— Specifické testy
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Sampling

— Venous blood

— Excessive stress and exercise cause changes in blood clotting.
and fibrinolysis.

— Whenever possible, venous samples should be collected without
a pressure cuff (to avoid haemoconcentration, increase of
fibrinolysis, platelet release, and activation of some clotting
factors.

— To minimize the effect of contact activation plastic or
polypropylene, siliconized glass, syringes and containers should
be used.

— Thoroughly mixing the blood with the anticoagulant by inverting
the containers several time.

— The sample should be brought to the laboratory as soon as
possible.

— Labeling the patient sample is very important.

==
m e

59 Prof. Anna VaskU

=



Sampling

— Anticoagulant trisodium citrate 3.2 % in aratioof 1 : 9.

— Time of sample collection is very important factor in the
interpretation of results.

— Centrifugation and preparation of platelets poor plasma - 4000 rom

in a cooling centrifuge.

— P.T & Factor VIl = kept at room temperature.
— Other assays - at 4°C.

— Testing should preferably be completed
within 2 hours of the collection.
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BLEEDING TIME (=krvacivost)

— Time taken for bleeding to cease from a small superficial
wound

— Affected by
- Platelet count and function
-Vessel wall

-Normal range lvy's method: 2-7 min
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PLATELET COUNT

— Normal platelet count = 150-400x107IL

— A part of complete blood picture (CBC)

— Performed by electronic counters or manually (inherent

error)
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PROTHROMBIN TIME

—Indicates the overall efficiency of pathway of
blood coagulation (FVII, Ell, FV, X)

—Normal range: 10-14 sec
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PROTHROMBIN TIME

— Causes of prolonged PT

- Deficiency of coagulation factors (coagulation factors
related to FVII)

-Liver disease

- Vit K deficiency (Fll, V, VII, IX are Vit k dependent)

-DIC

- Oral anficoagulants
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PARTIAL THROMBOPLASTIN time

— Indicates the overall efficiency of pathway of blood
coagulation (FVIII, FIX, EXI, EXII, Ell, FV, X)

— Normal range: 30-40 sec
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PARTIAL THROMBOPLASTIN time

— Causes of prolonged PTT

- Deficiency of coagulation factors (coagulation factors
other than FVII)

-Liver disease

-DIC

- Massive transfusion (labile FV, FVIII)

- Heparin

66 Prof. Anna Vasku

=

=

m
O =



PT & PTT

— Prolonged PT + normal PTT= pathway defect related o FVII

— Prolonged PTT + normal PT= pathway defect related to
infravascular factors
— Prolonged PT and PTT= common pathway defect or

combined factor deficiencies
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Nemoci spojené s krvacenim

— Abnormdini krvdceni je zpUsobeno

- Vaskularnimi nemocemi

-Trombocytopénii (4 poctu desticek)- kvantitativni defekt
- Defektem funkce desticek (kvalitativni defekt)

- Koagulaénimi nemocemi
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Vaskulitidy

—Typy krvdceni: purpura

— Priciny......

-Screening fests for hemostasis:
- BT: prolongead

- Platelet count: normal
-- PT, PTT, TT: normal
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Table 8,22

Vascular disordors
Congenital Alorgic
Heredhary haemorrhagee teloagiectasy Henoch-Schonlen porpora
(Osler-Wober-Rendu drsease) Autoamenune deorders (SLE, rheumatond arthritis)
Connective tissue disorders (Ehlers-Danlos syndrome, osteogenesis
mperfecta pseudaranthoma elasticsm, Marfan's syndrome) Drugs
Sterouds
Acquired Sulphonamwdes
Severe infechons:
Septicaemia
Menmgococcal efections Others
Maasles Senibe purpura
Typhod Easy browang syndrome
Scurvy
Facthous purputa

© Elsevier Science Ltd
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Trombocytopénie

— Pocet desticek pod 150x107/L
— Priciny:

dVrozené

QZiskané

=snizeni produkce

=zvysend destrukce (ITP)

ssplenickd sekvestrace (hypersplenism)
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Table 8.24

Causes of thrombocytopenia

Impaired production

Excessive destruction

Bone marrow failure
Megaloblastic anaemia
Leukaemia
Myeloma
Myelofibrosis
Solid tumour infiltration
Aplastic anaemia
drugs
chemicals
viruses
paroxysmal nocturnal
haemoglobinuria

Immune

AlITP

Secondary immune (SLE, CLL,
viruses, drugs, e.g. heparin)

Alloimmune neonatal
thrombocytopenia

Post-transfusion purpura

Sequestration
Hypersplenism

Dilutional
Massive transfusion

Other

Disseminated intravascular coagulation
Thrombotic thrombocytopenic purpura
Haemolytic uraemic syndrome

@ Elsevier Science Ltd



Idiopatickd trombocytopenickd purpura
(ITP)

—ITP j& imunni trombocytopenie zpusobend tvorbou protildtek profi
destickdm a bazdini membrdné megakaryocytu.

— klinicky obraz: spontdnné krvdceijici purpurické erupce.

— BT: prolonged
— Platelet count: thrombocytopenia
— PT,PTT: normal

— BM: increased megakaryocytes with poor platelet separation

=
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Kvalitativni destickové defekty

— Defekt funkce a normadlni pocCet

— Priciny:

- Hereditarni (Glanzmannova nemoc, snydrom Bernard-
Soulieruv)

- Ziskané (léky jako aspirin, uremial)
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Kvalitativni defekty desticek

_ Klinicky obraz: spontdnni krvdcejici purpurické erupce (kuze

sliznice)

— BT: prodlouzeny
— Platelet count: normaini nebo lehce snizeny
— PT,PTT, TT: normaini

— Destickova funkce: abnormalni, v zavislosti na defektu
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Nemoci s poruchou koagulace

—Vrozené

sHemofilie A

sHemofilie B

=Von Willebrandova nemoc
- Ziskane

*Nemoci jater

DIC

=inhibitory
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CLOT-=1 Hemophilia A and B

® Inheritance is X-linked

“ Severity of bleeding depends on levels of FVIII or FIX

— Mild: activity levels between 5-25%

e Have significant bleeding after major trauma or surgery but
generally go undetected until abnormal APTT is found

— Moderate: activity levels between 2-5%
e Bleeding is precipitated by trauma or surgery

— Severe: less than 1% activity

e Present with recurrent hemorrhages that occur spontaneously or
after minor trauma/surgery

“ Clinical presentation

— 90% of bleeding episodes occur into the joints
(knees and elbows predominantly)

— Intramuscular, intracranial, & gastrointestinal

www.macmed.ttuhsc.edu

www.CLOT-ED.com 11
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CLOT- The Defect in Hemophilias

Hemophilia A (FVIII), Hemophilia B (FIX), and Hemophilia C
(FXI) are disorders of the Propagation Phase of coagulation

Thrombin is initially
generated via the
TF/FVIIa Initiation
Phase however, the
large amounts of
Thrombin necessary | .
for adequate N oW
secondary hemostasis  wmosouus genradana
are not generated R

coagulation
proceeds

% = Defect

www.CLOT-ED.com 10
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Hemofilie A

— Nemoc vazand na X-chromosom

— Kvantitativni nebo kvalitativni nemoc faktoru VI
— Screeningove testy:

— BT: normalni

— Platelet count: normaini

— PT: normdaini

— PTT: prolongead

— Specifickytest: FVIII assay: snizend aktivita
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(b) Hemofilia A has a defect synthesis of Vllic.
(c) von Willebrand s disease has a reducted synthesis

of VWEF



Hemofilie B

— Ve srovhdni s hemofilii A

-Méné Casta

-Stejné priznaky

-Stejné vysledky screeningovych testu

- Specificky test: FIX assay: snizend aktivita
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- Von Willebrand Factor Roles
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Adapted from: Monroe DM, et al. ATVB 2006;26:41-8
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CLOTED Von Willebrand Disease (VWD)

“ Most common bleeding disorder in humans
& Autosomal inheritance

« ~ 0.8 - 1.3% of population has a detectable, inherited defect in
Von Willebrand Factor (VWF)

— Low VWEF levels, bleeding, and family history (the “holy” three)

& Types of bleeding

— Mucocutaneous bleeding

e Epistaxis, menorrhagia, ecchymoses & hematomas, gingival and
gastrointestinal bleeding

e Results from defect in primary hemostasis
— Soft tissue bleeding (after trauma/injury)
e Dental extraction, wounds, post-operatively, post-partum

e Results from defect in secondary hemostasis
— VWEF is carrier (protector) protein for FVIII




Von Willebrandova nemoc

— Autosomadlné dominantni

—Kvantitativni nebo kvalitativni problém vWF

—Von Willebranduv faktor funguje jako nosic pro
Faktor VI

—Sam funguije jako podstatny kofaktor destickove

adhese a agregace. "
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Von Willebrand Disease

— Screening tesfts:

— BT : prolonged.

— Platelet count: normal
— PT: normal

— PTT: prolongead

— Specific tests:

— Platelet aggregation: defective with ristocetin
— FVIIl assay: decreased activity

— vVWF antigen : reduced
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cuor- - Acquired Causes for Bleeding

a |Liver Disease

“ Immune coagulopathies

— Inhibitors have been described to each of the coagulation
factors

« Disseminated intravascular coagulation (DIC)
“ Pharmacologic overdosing
“ Primary fibrinogenolysis

— Plasmin acts on fibrinogen

& Acquired platelet defects due to

— Uremia, myeloproliferative disorders, antiplatelet
antibodies, drugs that inhibit platelet function
(administered in excess)




DIC (disseminated infravascular coagulation)

Uvolnéni tkdnoveho faktoru, TF.
TF je exprimovdn na mnoha typech bunék

(endotelidlni, makrofagy, monocyty).
Kontakt s krvi po poskozeni cévni stény (efekty

cytokinU a endotoxinu).
TF se vaze na koagulacni faktory, coz vede kK jejich

aktivaci.
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Disseminovanad intravaskularni
koagulace=DIC

—V dusledku extenzivni koagulace a fibrinolyzy
dochdzi k vyCerpdni koagulacnich faktoru s

masivnhim krvdcenim do intersticia.

— Priciny: infekce, malignity, porod, porodnické

komplikace, nemoci jater
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DIC - etiopatogeneze

— Vyznamnad role ,,damage associated molecular patterns” (DAMPs): na
zOkladé bunécné aktivace nebo smrti hemopoetickych a
parenchymalnich bunék dochdzi k uvolnéni extracelularni volné DNA
a proteinu, které se vazi na DNA (napf. histonU a ,,high mobility group
box 1 proteinU" [HMGB1]) do cirkulace. Tento proces je vysoce

regulovdn mimo jiné serin protedzami, jako je ,,factor Vlil-activating

protease” (FSAP) a DNasel.
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DIC - etiopatogeneze

— Circulujici cell-free DNA je schopna indukovat destiCkovou agregaci,
podporovat aktivaci sekunddarni hemostdazy, inhibovat fibrinolyzu @
pfimo interferovat se stabilitou trombu.

— Cell-free DNA ve tkani nebo uvolnovand do cirkulace po aktivaci
neutrofild ve formé& neutrofilnich extraceluldrnich ,,traps* (NETs) jsou
siiné cytotoxické a prokoagulacni.

— Také na DNA se varzici proteiny jako histony a HMGB1 jsou silné

prokoagulacni a ucastni se v patogeneze DIC.
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Diagnoza DIC
— BT (bleeding time=krvacivost): prolonged
— Platelet count: decreased

— PT (prothrombin time): prolonged

— PTT (partial prothrombin time): prolonged
— IT (thrombin time): prolonged
— Fibrinogen level: reduced

— FDPs (D dimer): increased

— Red cell fragmentation in the blood film
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BT PT PTT Platelet | Platelet Other tests
count function
ITP P N N 1
Glanzman P N N N Defect
agreg
Hemof A N N P N FVIII assay
Hemof B N N P N FIX assay
vWD P N P N Defect FVIII, vVWF
agreg
DIC P P P Fibrinogen
l FDPs — D-

dimery
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Dékuji vdm za pozornost
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