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Hemostaza

1. Klidova faze — Udrzovani krve v tekutém
stavu v cirkulaci

2. Aktivacéni faze - Zastava krvaceni v misté
poranéni pomoci hemostatické zatky

3. Faze restituce- rekanalizace - Zajist'uje
odstranéni hemostatické zatky na konci
reparac¢nich proceslu



Protective role

Patho-physiological
role

non-specific defense
mechanism

thrombosis / embolism

atherosclerosis



3. Reversible

Inappropriate hemostasis:

- Thrombosis / embolism

- DIC (disseminated intra-vascular coagulation)
- bleeding / blood loss



Hemostasis

/ Endothelium \

Plasma
Platelets ) coagulation
system







e...regulacni odchylka/ signa
u...akeni veliina
d,n...poruchové veliCiny

U zaporné zpétné vazby regulacni
odchylka e pouzita k regulaci vznikne
odectenim akcni veliCiny

(-y) od pozadované hodnoty (+w),
e=w-y.
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u...akéni veli¢ina
d,n...poruchové veliCiny

U kladné zpétné vazby regulacni
signal e vznikne pri¢tenim akcni
veliciny (+y) k pozadovane
hodnote (+w), e = w + .
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— Endothelium covers highly thrombogenic basal
membrane

— Uninjured endothelium does not bind platelets

— PGI2 (prostaglandin) and NO (nitric oxide) from
endothelium inhibit platelet binding

— ADPase counters the platelet aggregating effects of
ADP
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— Heparin-like molecules ... activate anti-thrombin llI

(inactivates active proteases)

— Thrombomodulin ... changes specificity of
thrombin (activates protein C , which inactivates factors
Va and Vllla

— tPA (tissue plasminogen activator) ... activates
fibrinolysis via plasminogen to plasmin
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Prothrombotic Properties

« Release of tissue factor

* Production of PAI (plasminogen activator inhibitors)

« Membrane phospholipids bind and facilitate activation of
clotting factors via Ca2+ bridges
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Antithrombogenic Thrombogenic

(Favors fluid blood) (Favors clotting)
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Vasoconstriction

Primary hemostasis

Secondary hemostasis

Fibrinolysis
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A. VASOCONSTRICTION

Endothelium Basement membrane Arteriole smooth muscle

Endothelin release Reflex ECM (collagen)
causes vasoconstriction vasoconstriction

ECM (=ExtraCellular Matrix)
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B. PRIMARY HEMOSTASIS

Endothelium Basement
membrane

Collagen

TXA2 (thromboxane A2, lipid)
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Deficiency:

Bernard-Soulier
Syndrome I
Deficiency: Gplb
Glanzmann's
Thrombasthenia Platelet

Gpllb-llla

von Willebrand's

factor l
Deficiency:
Subendothelium ET" Willebrand's

Gp — G-protein coupled receptors 17



C. SECONDARY HEMOSTASIS
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Intrinsic pathway

Coagulation

Extrinsic Pathway

VIl —»vu\l / e

Va ———\/
Thrombin et el
Fibrinogen Fibrin

Xllla Hard clot
Fibrinio
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Coagulation

* Require vitamin K (several, 2,7,9, 10, C, S)
« Requires Ca ?* (the same, 2,7, 9, 10, C, S)
« 3 protein cofactors (not enzymes)

 Reversible (via production of plasmin)
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Coagulation

fiolecular Flasma Required for Vil k Matural
Weight conceniration hemostasis dependency sOuUrce
(g, ml} % of normal])
Flzrincgear CHERe Y SO0 M Livrer
Prothromisin F2,000 100 Liwet
Tisswa factor -- e Tisse
[ CalSium i -- -- e Plosmic
W Prodcceletim 300,000 10 10-15 He Liwet
Wl Frocorvetrtin S0, 000 0.5 5-10 Yeas Liver
W Antinemophilic 00,00 Q1 10-40 e RES
[% Thromioopldstin 55,000 5 10-40 e Livear
- F. Stuart SE,000 10 10-15 a3 Lwer
wl Frethratmnlsoplastin 180,000 5 20-30 M Livear
sl F. Hagemarm F 6,000 a0 0 M Livwer
X1 Flzrin statzilizirg F20, 300 a0 1-5 M Liwer
WO F Yo Willetoramd 140,000 He BEnddothelivrm
Frat C Yeas Liver
FELE Frekallikreir 2,000 40 0
HitA Wk, Hiwiw kcillikreir 105, 0y 100 0
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Coagulation

Prothrombin
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Coagulation

Thrombin
Fibrinogen ——————  Fibrin
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Coagulation

Thrombin
Fibrinogen ——————  Fibrin
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Coagulation

Extrinsic Pathway

0 I - Vila
Xa
Va

Thrombin
Fibrinogen ——————  Fibrin
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Intrinsic pathway

Coagulation

Extrinsic Pathway

IXa Vila
vuh)!a —
Va

Thrombin
Fibrinogen ——————  Fibrin
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Intrinsic pathway

Coagulation

Extrinsic Pathway

IXa Vila
vuh)!a —
Va

) Soft clot
o Thrombin
Fibrinogen ———————  Fibrin

Xllla Hard clot
Fibrin2s



Intrinsic pathway

Coagulation

Extrinsic Pathway

VIl —»vu\l / e

V3 t————\/
Thrombin EOIHCE
Fibrinogen Fibrin

Xllla Hard clot
Fibrin2o



Revised tissue factor pathway

Extrinsic Pathway

Thrombin (ll1a)

New: Production of IXa
Interaction of intrinsic and extrinsic pathways 30



Revised tissue factor pathway

Thrombin (ll1a)

New: TFPI = Tissue Factor Pathway Inhibitor
... inhibition of Xa and Vlla 31



Revised tissue factor pathway

New: TFPI = Tissue Factor Pathway Inhibitor
... inhibition of Xa and Vlla




Revised tissue factor pathway

Production of small amounts of
thrombin (lla)

No or only little fibrin formed!

33



Revised tissue factor pathway

used to produce small amts of Vllla and Va

As the concentration of TF-Vlla-Xa-lla increases, TFPI
inactivates this complex stopping further production of
thrombin.

IXa, with Vllla (produced as above), produces Xa; this Xa
with Va produces new thrombin; this thrombin produces
more Vllla and Va and then we get lots of thrombin and
fibrin.
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Revised tissue factor pathway

Prothrombin

IXa ..o+ Vila
vill —»vuh)(a PR
V3 ——\/
1 Soft clot
Thrombin

Fibrinogen Fibrin
T L~ N\ Xllla Hardclot
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Revised tissue factor pathway

Thrombin (lla)

Villa Va
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Role of vitamin K

This PTM involves the addition of a COO" to *f’“j[*"”‘“ © “T‘“jf"**]
certain Glu residues in the clotting factors i L

resulting in the formation of several Dicoumarol
gamma-carboxy glutamates



Role of vitamin K

CHs
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38



Physiologic inhibitors of
coagulation

SERPIN

Inactivates Va and Vllla (via proteolysis)
mutation: Factor V Leiden (APC resistance)

Binds to thrombin
Decreases ability to produce fibrin
Increases ability to activate Protein C




Non-physiologic inhibitors of
coagulation

(in vivo only)

(in vitro only)
— EDTA

— Citrate

— Oxalate

(in vivo and in vitro)




Fibrinolysis
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Fibrinolysis

ny Plasmin
Fibrin e Fibrin Split Products (FSP)

42



bacterial enzymes
(streptokinase)

tPA uPA

ny Plasmin
Fibrin e Fibrin Split Products (FSP)
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PAI
tPA /

a,-antiplasmin

/ ... SERPINs

ny Plasmin
Fibrin e Fibrin Split Products (FSP)
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0. -antiplasmin

(1 -antiplasmin/plasmin complexes

Plasminogen . .
Activator LD

Free plasmin ..-:,,-. o
e
Thrambin . _ Fibrin degradation __'__‘-'*\-
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Pathology



Coagulopathies

Congenital Acquired
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Coagulopathies

Congenital Acquired

Hemophilia A ... f VIII
HemophiliaB ... fIX
Hemophilia C ... f Xl

Dys-/ A- fibrinogenemia

F V defic. (parahemophilia)
F XIll defic.

APC resistance
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Coagulopathies

Congenital Acquired

Liver proteosynthesis
Vitamin K defic.

- obstructive icterus

- intestin. resorption
Anticoagulant therapy

- Dicumarol

- Heparin
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Congenital Acquired
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-samostatnou kapitolou jsou vrozené trombofilni stavy.

Priklady Zilnich uzavéri:

-flebotrombdza DK= trombdza hlubokych 7il dolnich koncetin

-tromboflebitida DK= trombdza povrchovych Zil dolnich koncetin

-plicni trombembolismus

-tromboza visceralnich Zil (napf. trombodza vratnicové zily, tromboza jaternich zil: tzv.
Budd-Chiariho syndrom)

-Trousseautuv priznak (migrujici tromboflebitida u nadorovych onemocnéni)
-samostatnou kapitolou jsou Zilni uzavéry u chronickych hemolytickych anémii a
klonalnich poruch krvetvorby (MPN, PNH)
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Arterial and Venous Circulation of the Legs

External lliac Vein

Femoral Artery Femoral Vein

Popliteal Artery Perforating Veins

Anterior Tibial Artery Great Saphenous Vein

Posterior Tibial Artery Small Saphenous Vein

Peroneal Artery Anterior Tibial Vein

Dorsalis Pedis Artery Posterior Tibial Vein

Plantar Arch Dorsal Venous Arch 57



Genetic examination

Hemophilia A X-linked recessive

Unaflfected
father

ii
Xy

B Unaffected
[] Affected
[ B Carrier

“‘:\“\Hl
iIlR |'§ ﬁm .
SR Bl

Unaffected Unaffected Carrier Affected 53
san daughter daughter s0n



Clinical signs

Hemophilia Large hemorrhage after a small injury

Arthral hemorrhage

Secondary arthropathy
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Clinical signs

Thrombocytopenia

Petechiae, pigmentation
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Clinical signs

Henoch-Schonlein
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Clinical signs

F XIlll deficiency

Late bleeding
Keloid scarring
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Clinical signs

Deep venous thrombosis
Pulmonary embolism
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Standard tests in Faculty General Hospital

Quick time, INR
Act.Part. Thromb.Time

Thrombin time

0,8-1,2
27-35 s
12-14 s
Fibrinogen 2-4q4ll
Antithrombin lii >70%
Ethanol test neg.

D-dimers (FDP)

neg.
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Prothrombin Time (Quick test)

Principle: Stimulation of extrinsic (main) coag.
system

Citrate plasma ... add TF (in excesive amount) +
CacCl, ... fibrin fibre

Normal: PT=12-15s

INR = (PT;)'S'/ PTN
ISI| = international index of sensitivity of
used thromboplastin (commonly > 1)

Prolongation: defic. vit. K dep. FII, VII, X, {{Fbg
Usage: screening, monitoring of oral anticoagulants,
liver proteosynthesis

Normal range INRO0,8-1,2
Therapeutic range INR=2,5-4,5
Surgery INR<1,6




APTT, Activated partial thromboplastin time

Principle: Stimulation of intrinsic (contact) way of
coag. system

Citrate plasma ... add contact activator (e. g. kaolin) +
CacCl, ... fibrin fibre

s | N

Kaolin

Phospholipids | [Contact system
Calcium l

IXa + Vllla

Phospholipid

lla
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APTT, Activated partial thromboplastin time

Principle: Stimulation of intrinsic (contact) way of
coag. system

Citrate plasma ... add contact activator (e. g. kaolin) +
CacCl, ... fibrin fibre

Normal: APTT =27-35s

Prolongation: defic. of VII, V, X, XIi, VIII, XI, IX
(hemophilia A,B,C), {\Fbg, TTFDP

Shortening: prothrombotic status

Usage: screening, diagnostics of coagul. deficits,
monitoring of heparin therapy

Therapeutic range 1,2-2,5x




Lee-White test

Cloting time of whole blood

Whole blood without anticoagulants (CaCl,) ...
polystyrene or glass tube, 37°C ...
spontaneous stimulation of intrinsic

Normal: 4 - 10 min.

Usage: Basic, rough orientation in acute status
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Thrombin Time

Whole blood without anticoagulants (CaCl,) ... add
thrombin in standard amount, 37°C ... fibrin
fibre

Normal: 12 -14 s

Prolongation:
Ll Fbg (acute stage of DIC)
antithrombins
fibrinolysis

Usage: DIC
monitoring of fibrinolytic therapy




Fibrinogen, Fbg

Normal plasma levels =2 -4 g /I
Functional of immunological detection

High: Inflammation
DM
Smoking
Low: Low synthesis (congenital or low liver
function)
Consumption (DIC)

Hypofibrinogenemia
Dysfibrinogenemia




FDP

Total degradation products of fibrin(-ogen)

ELISA or aglutination semiquantitative methods

High: Recent coagulation activity
(thrombo/ embolism, bleeding, surgery, DIC ...)

High sensitivity, low specificity
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Paracoagulation tests (Ethanol, Protamin)

Principle: Ethanol catalyzes conversion of fibrin
monomers + PDP — fibrin polymers

Low sensitivity and specificity

Usage: 15t stage of DIC
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Duke test

Duke, 1910

Estimation of bleeding time

Time of spontaneous cutoff of bleeding after
standard puncture to auricle of ear

Limits: 2 - 5 min., or 4 - 8 min. (depends on methods)

Prolongation - Disturbance of primary hemostasis:
Plt < 20 000 or PIt dysfunction, vW disease
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Blood pressure cuff
is applied to prevent
venous return of blood

Rumpel - Leede test

Capillary resistance

Number of petechia on forearm (area 4 x 4 cm) after a
standard pressure (ruff 10,5 kPa for 10 min.)
or after underpressure (Brown, 1949)

Limits: > 5 petechia ... higher capillary fragility
(e.g. hereditary purpura Weber-Rendu-Osler)




Presumable results

Diagnosis Pit Duke APTT Quick TT
N

Thrombocytopenia N
Hemophilia A N
Hemophilia B

N

N N

Hemophilia C N N
N N

vWd
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Presumable results

Diagnosis Pit Duke APTT Quick TT
F V defic. N N T T N
F 1l defic. N N
F VII defic. N N

Heparin i. v. N N/T

T
N
Warfarin / vit. Kdef. N N T
T
Heparin s. c. N N N




Presumable results

Diagnosis Pit Ethan APTT Quick TT
DIC 1st stage !+ T T N
DIC 2"d stage oo Tttt 1M
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Standard tests in Faculty General Hospital

Quick time, INR 0,8 -1,2
APTT 27-35 s
Thrombin time 12-14 s

Fibrinogen 2-4q¢ll
Antithrombin lll > 70%
Ethanol test neg.

D-dimers (FDP) neg.
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-activation of secondary hemostasis, e.g. Inflammation, infection, trauma, malignancies
-inborn hypercoagulable states

Examples:
-phlebothrombosis of deep veins of lower extremities
-thrombophlebitis of superficial veins of lower extremities
-lung thrombembolism
-thrombosis of large visceral veins (e.g. thrombosis of vena portae, hepatic vein
thrombosis= Budd-Chiari syndrome)
-Trousseau symptom (migratory thrombophlebitis in malignancies)
-thrombotic complications in chronic hemolytic anemias (sickle cell anemia, thalassemias)
and clonal disorders of hematopoiesis (MPN, PNH)
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Arterial and Venous Circulation of the Legs

External lliac Vein

Femoral Artery Femoral Vein

Popliteal Artery Perforating Veins

Great Saphenous Vein

Anterior Tibial Artery

Posterior Tibial Artery Small Saphenous Vein

Peroneal Artery Anterior Tibial Vein

Dorsalis Pedis Artery Posterior Tibial Vein

Plantar Arch Dorsal Venous Arch
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