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1.1. HaemostasisHaemostasis
– PrimaryPrimary

 PLTsPLTs
– SecondarySecondary

 Coagulation cascadesCoagulation cascades

2.2. Assessment tests of haemostasis Assessment tests of haemostasis 
3.3. Disorders of haemostasisDisorders of haemostasis

– PLT and vessel wall disordersPLT and vessel wall disorders
– Coagulation disordersCoagulation disorders
– Disorders predisposing to thrombosis Disorders predisposing to thrombosis 

4.4. Anticoagulant medicationAnticoagulant medication
– WarfarinWarfarin
– HeparinHeparin

 LMWHLMWH
– AspirinAspirin



    

Haemostasis

Vasoconstriction PLT activation
Coagulation cascade



    

VasoconstrictionVasoconstriction

Smooth muscle contraction

Local reflexes
1. Thromboxane A2
2. Serotonin

Released by activated PLTs



    



    



    

 Discoid non nucleatedDiscoid non nucleated
 Contain granulesContain granules
 Life 8-10 daysLife 8-10 days
 Release the contents of their Release the contents of their 

granules into the plasma, in granules into the plasma, in 
turn activating other platelets turn activating other platelets 
and white blood cells. The and white blood cells. The 
platelets undergo a change platelets undergo a change 
in their shape which exposes in their shape which exposes 
a phospholipid surface for a phospholipid surface for 
those coagulation factors those coagulation factors 
that require it. Fibrinogen that require it. Fibrinogen 
links adjacent platelets by links adjacent platelets by 
forming links via the forming links via the 
glycoprotein IIb/IIIa. In glycoprotein IIb/IIIa. In 
addition, addition, thrombinthrombin activates  activates pp
lateletslatelets..

http://en.wikipedia.org/wiki/Thrombin
http://en.wikipedia.org/wiki/Platelet
http://en.wikipedia.org/wiki/Platelet


    

PLT activation

Adherence

Aggregation

PLT plug

Exposed  subendothelial
collagen

1. Release vWF
2. Release tissue thromboplastin

Endothelium damageEndothelium damage

ADP from PLT granules Thromboxane A2

PLTs catalyse thrombin & fibrin formation



    



    

It is now known that the primary pathway for the initiation of blood coagulation is the Tissue Factor 
pathway.
The coagulation factors are serine enzymes except FVIII and FV which are glycoproteins.
The pathways are a series of reactions, in which a zymogen of a serine protease and its glycoprotei
n co-factor are activated to become active components that then catalyze the next reaction in the 
cascade.

http://en.wikipedia.org/wiki/Enzymes
http://en.wikipedia.org/wiki/Zymogen
http://en.wikipedia.org/wiki/Serine_protease
http://en.wikipedia.org/wiki/Glycoprotein
http://en.wikipedia.org/wiki/Glycoprotein


    

Number and/or nameNumber and/or name FunctionFunction

I (I (fibrinogenfibrinogen)) Forms clot (fibrin)Forms clot (fibrin)

II (II (prothrombinprothrombin)) Its active form (IIa) activates I, V, VII, XIII, protein C, Its active form (IIa) activates I, V, VII, XIII, protein C, 
plateletsplatelets

Tissue factorTissue factor Co-factor of VIIa (Co-factor of VIIa (formerly known as factor IIIformerly known as factor III))

CalciumCalcium Required for coagulation factors to bind to phospholipid Required for coagulation factors to bind to phospholipid 
((formerly known as factor IVformerly known as factor IV))

VV (proaccelerin, labile  (proaccelerin, labile 
factor)factor)

Co-factor of X with which it forms the Co-factor of X with which it forms the prothrombinaseprothrombinase  
complexcomplex

VIVI UnassignedUnassigned – old name of Factor Va – old name of Factor Va

VIIVII (stable factor) (stable factor) Activates IX, XActivates IX, X

VIIIVIII (antihemophilic factor) (antihemophilic factor) Co-factor of IX with which it forms the Co-factor of IX with which it forms the tenasetenase complex complex

IXIX (Christmas factor) (Christmas factor) Activates X: forms Activates X: forms tenasetenase complex with factor VIII complex with factor VIII

XX (Stuart-Prower factor) (Stuart-Prower factor) Activates II: froms Activates II: froms prothrombinaseprothrombinase complex with factor V complex with factor V

XIXI (plasma thromboplastin  (plasma thromboplastin 
antecedent)antecedent)

Activates XII, IX and prekallikreinActivates XII, IX and prekallikrein

XIIXII (Hageman factor) (Hageman factor) Activates prekallikrein and Activates prekallikrein and fibrinolysisfibrinolysis

XIIIXIII (fibrin-stabilizing factor) (fibrin-stabilizing factor) Crosslinks fibrinCrosslinks fibrin

von von WillebrandWillebrand factor factor Binds to VIII, mediates platelet adhesionBinds to VIII, mediates platelet adhesion

http://en.wikipedia.org/wiki/Fibrinogen
http://en.wikipedia.org/wiki/Prothrombin
http://en.wikipedia.org/wiki/Tissue_factor
http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Factor_V
http://en.wikipedia.org/wiki/Prothrombinase
http://en.wikipedia.org/wiki/Factor_VII
http://en.wikipedia.org/wiki/Factor_VIII
http://en.wikipedia.org/wiki/Tenase
http://en.wikipedia.org/wiki/Factor_IX
http://en.wikipedia.org/wiki/Tenase
http://en.wikipedia.org/wiki/Factor_X
http://en.wikipedia.org/wiki/Prothrombinase
http://en.wikipedia.org/wiki/Factor_XI
http://en.wikipedia.org/wiki/Factor_XII
http://en.wikipedia.org/wiki/Fibrinolysis
http://en.wikipedia.org/wiki/Factor_XIII
http://en.wikipedia.org/wiki/Von_Willebrand_factor
http://en.wikipedia.org/wiki/Von_Willebrand_factor
http://en.wikipedia.org/wiki/Von_Willebrand_factor


    

prekallikreinprekallikrein Activates XII and prekallikrein; cleaves HMWKActivates XII and prekallikrein; cleaves HMWK

high molecular weight high molecular weight kininkinin
ogenogen (HMWK) (HMWK)

Supports reciprocal activation of XII, XI, and prekallikreinSupports reciprocal activation of XII, XI, and prekallikrein

fibronectinfibronectin Mediates cell adhesionMediates cell adhesion

antithrombinantithrombin III III Inhibits IIa, Xa, and other proteases;Inhibits IIa, Xa, and other proteases;

heparin cofactor IIheparin cofactor II Inhibits IIa, cofactor for heparin and Inhibits IIa, cofactor for heparin and dermatandermatan  sulfatesulfate  
("minor antithrombin")("minor antithrombin")

protein Cprotein C Inactivates Va and VIIIaInactivates Va and VIIIa

protein Sprotein S Cofactor for activated protein C (APC, inactive when bound Cofactor for activated protein C (APC, inactive when bound 
to C4b-binding protein)to C4b-binding protein)

protein Zprotein Z Mediates thrombin adhesion to phospholipids and Mediates thrombin adhesion to phospholipids and 
stimulates degradation of factor X by ZPIstimulates degradation of factor X by ZPI

plasminogenplasminogen Converts to plasmin, lyses fibrin and other proteinsConverts to plasmin, lyses fibrin and other proteins

alpha 2-antiplasminalpha 2-antiplasmin Inhibits plasminInhibits plasmin

tissue tissue plasminogenplasminogen activat activat
oror (tPA) (tPA)

Activates plasminogenActivates plasminogen

urokinaseurokinase Activates plasminogenActivates plasminogen

plasminogenplasminogen activators inhi activators inhi
bitor-1bitor-1 and 2 (PAI1, 2) and 2 (PAI1, 2)

Inactivate tPA & urokinase (endothelial PAI)Inactivate tPA & urokinase (endothelial PAI)

cancer cancer procoagulantprocoagulant Pathological Pathological factor Xfactor X activator linked to thrombosis in ca activator linked to thrombosis in ca

http://en.wikipedia.org/wiki/Prekallikrein
http://en.wikipedia.org/wiki/High_molecular_weight_kininogen
http://en.wikipedia.org/wiki/High_molecular_weight_kininogen
http://en.wikipedia.org/wiki/High_molecular_weight_kininogen
http://en.wikipedia.org/wiki/Fibronectin
http://en.wikipedia.org/wiki/Antithrombin
http://en.wikipedia.org/wiki/Heparin_cofactor_II
http://en.wikipedia.org/wiki/Dermatan_sulfate
http://en.wikipedia.org/wiki/Dermatan_sulfate
http://en.wikipedia.org/wiki/Dermatan_sulfate
http://en.wikipedia.org/wiki/Protein_C
http://en.wikipedia.org/wiki/Protein_S
http://en.wikipedia.org/wiki/Protein_Z
http://en.wikipedia.org/wiki/Plasminogen
http://en.wikipedia.org/wiki/Alpha_2-antiplasmin
http://en.wikipedia.org/wiki/Tissue_plasminogen_activator
http://en.wikipedia.org/wiki/Tissue_plasminogen_activator
http://en.wikipedia.org/wiki/Tissue_plasminogen_activator
http://en.wikipedia.org/wiki/Tissue_plasminogen_activator
http://en.wikipedia.org/wiki/Urokinase
http://en.wikipedia.org/wiki/Plasminogen_activator_inhibitor-1
http://en.wikipedia.org/wiki/Plasminogen_activator_inhibitor-1
http://en.wikipedia.org/wiki/Plasminogen_activator_inhibitor-1
http://en.wikipedia.org/wiki/Cancer_procoagulant
http://en.wikipedia.org/wiki/Cancer_procoagulant
http://en.wikipedia.org/wiki/Factor_X


    

Legend: HMWK = High molecular weight kininogen, PK = Prekallikrein, TFPI = Tissue 
factor pathway inhibitor. Black arrow = conversion/activation of factor. Red arrows = 
action of inhibitors. Blue arrows = reactions catalysed by activated factor. Grey arrow = 
various functions of thrombin.



    

 Tissue factor (Extrinsic)Tissue factor (Extrinsic)
1.1. The main role of the tissue factor The main role of the tissue factor 

pathway is to generate a "thrombin pathway is to generate a "thrombin 
burst," burst," thrombinthrombin being the single  being the single 
most important constituent of the most important constituent of the 
coagulation cascade in terms of its coagulation cascade in terms of its 
feedback activation roles.feedback activation roles.

2.2. Thrombin then activates other Thrombin then activates other 
components of the coagulation components of the coagulation 
cascade, including protein C, FV cascade, including protein C, FV 
and FVII (which activates FXI which and FVII (which activates FXI which 
in turn activates FIX), and activates in turn activates FIX), and activates 
and releases FVIII from being and releases FVIII from being 
bound to vWF. FVIIIa is the co-bound to vWF. FVIIIa is the co-
factor of FIXa and together they factor of FIXa and together they 
form the "tenase" complex which form the "tenase" complex which 
activates FX and so the cycle activates FX and so the cycle 
continues. continues. 

 Contact (Intrinsic)Contact (Intrinsic)
1.1. The minor role that the contact The minor role that the contact 

activation pathway has in initiating activation pathway has in initiating 
clot formation can be illustrated clot formation can be illustrated 
by the fact that patients with by the fact that patients with 
severe deficiencies of FXII, severe deficiencies of FXII, 
HMWK and prekallikrein do not HMWK and prekallikrein do not 
have a bleeding disorder.have a bleeding disorder.

  

• Following activation by the contact factor or tissue factor pathways the 
coagulation cascade is maintained in a prothrombotic state by the 
continued activation of FVIII and FIX to form the tenase complex, until it is 
down regulated by the anticoagulant pathways.

http://en.wikipedia.org/wiki/Thrombin


    

Co-factors and InhibitorsCo-factors and Inhibitors
 CalciumCalcium and  and phospholipidphospholipid (a  (a plateletplatelet membrane  membrane 

constituent). Calcium mediates the binding of constituent). Calcium mediates the binding of 
the complexes to the phospholipid surfaces the complexes to the phospholipid surfaces 
expressed by platelets. expressed by platelets. 

 Vitamin KVitamin K is an essential factor to a hepatic  is an essential factor to a hepatic 
gamma-glutamyl carboxylase that adds a gamma-glutamyl carboxylase that adds a carbocarbo
xylxyl group to factors II, VII, IX and X, as well as  group to factors II, VII, IX and X, as well as 
Protein S, Protein C and Protein Z. Deficiency Protein S, Protein C and Protein Z. Deficiency 
of vitamin K (e.g. in of vitamin K (e.g. in malabsorptionmalabsorption), use of ), use of 
inhibiting anticoagulants (inhibiting anticoagulants (warfarinwarfarin) or disease () or disease (cc
irrhosisirrhosis) leads to the formation of ) leads to the formation of PIVKAPIVKA's 's 
(proteins formed in vitamin K absence) this (proteins formed in vitamin K absence) this 
causes partial or non gamma carboxylation. causes partial or non gamma carboxylation. 

http://en.wikipedia.org/wiki/Calcium
http://en.wikipedia.org/wiki/Phospholipid
http://en.wikipedia.org/wiki/Platelet
http://en.wikipedia.org/wiki/Vitamin_K
http://en.wikipedia.org/wiki/Carboxyl
http://en.wikipedia.org/wiki/Carboxyl
http://en.wikipedia.org/wiki/Malabsorption
http://en.wikipedia.org/wiki/Warfarin
http://en.wikipedia.org/wiki/Cirrhosis
http://en.wikipedia.org/wiki/Cirrhosis
http://en.wikipedia.org/w/index.php?title=PIVKA&action=edit


    

Co-factors and InhibitorsCo-factors and Inhibitors
 Mechanisms that keep the coagulation cascade in check. Mechanisms that keep the coagulation cascade in check. 

Abnormalities can lead to an increased tendency toward Abnormalities can lead to an increased tendency toward 
thrombosis:thrombosis:

1.1. Protein CProtein C  degrades the co-factors FVa and FVIIIa. It is activated   degrades the co-factors FVa and FVIIIa. It is activated 
by thrombin and requires its co-enzyme Protein S to function. by thrombin and requires its co-enzyme Protein S to function. 
Quantitative or qualitative deficiency of either may lead to Quantitative or qualitative deficiency of either may lead to thrombothrombo
philiaphilia. Impaired action of Protein C , for example by . Impaired action of Protein C , for example by having the "Lehaving the "Le
iden" variant of Factor Viden" variant of Factor V or high levels of FVIII also may lead to a  or high levels of FVIII also may lead to a 
thrombotic tendency. thrombotic tendency. 

2.2. AntithrombinAntithrombin is a  is a serine protease inhibitorserine protease inhibitor ( (serpinserpin) that degrades ) that degrades 
the serine proteases; thrombin and FXa, as well as FXIIa, and the serine proteases; thrombin and FXa, as well as FXIIa, and 
FXIa. It is constantly active, but its adhesion to these factors is FXIa. It is constantly active, but its adhesion to these factors is 
increased by the administration of increased by the administration of heparinsheparins. Quantitative or . Quantitative or 
qualitative deficiency of antithrombin leads to thrombophilia. qualitative deficiency of antithrombin leads to thrombophilia. 

3.3. Tissue factor pathway inhibitorTissue factor pathway inhibitor (TFPI) inhibits F VIIa-related  (TFPI) inhibits F VIIa-related 
activation of F IX and F X after its original initiation. activation of F IX and F X after its original initiation. 

http://en.wikipedia.org/wiki/Protein_C
http://en.wikipedia.org/wiki/Thrombophilia
http://en.wikipedia.org/wiki/Thrombophilia
http://en.wikipedia.org/wiki/Factor_V_Leiden
http://en.wikipedia.org/wiki/Factor_V_Leiden
http://en.wikipedia.org/wiki/Antithrombin
http://en.wikipedia.org/wiki/Serine_protease_inhibitor
http://en.wikipedia.org/wiki/Serpin
http://en.wikipedia.org/wiki/Heparin
http://en.wikipedia.org/wiki/Tissue_factor_pathway_inhibitor


    



    



    

Assessment of haemostasisAssessment of haemostasis
Common testsCommon tests

 PLT countPLT count
 Bleeding timeBleeding time

 PLT function, vascular disorders and PLT function, vascular disorders and von Willebrand diseasevon Willebrand disease, and not by other , and not by other 
coagulation factorscoagulation factors so in  so in haemophiliahaemophilia it is normal. Diseases that cause  it is normal. Diseases that cause 
prolonged bleeding time include (DIC) and prolonged bleeding time include (DIC) and thrombocytopeniathrombocytopenia..

 INR (PT) INR (PT) 
 "tissue factor" (a specific cellular lipoprotein) pathway."tissue factor" (a specific cellular lipoprotein) pathway.

 APTTAPTT
 Contact factor pathwayContact factor pathway

 TCTTCT
 quantitative and qualitative screening of fibrinogenquantitative and qualitative screening of fibrinogen  

 D-dimerD-dimer
 to exclude thromboembolic disease where the probability is low. to exclude thromboembolic disease where the probability is low. 

http://en.wikipedia.org/wiki/Coagulation
http://en.wikipedia.org/wiki/Haemophilia
http://en.wikipedia.org/wiki/Thrombocytopenia


    

Assessment of haemostasisAssessment of haemostasis
Other testsOther tests

1.1. mixing testmixing test
1.1. to distinguish whether the underlying problem is a clotting factor deficiency to distinguish whether the underlying problem is a clotting factor deficiency 

on the one hand, or a factor inhibitor on the other hand. on the one hand, or a factor inhibitor on the other hand. 

2.2. antiphosholipid antibodiesantiphosholipid antibodies
1.1. autoimmuneautoimmune production of  production of antibodiesantibodies against  against cell membranecell membrane constituents.  constituents. , , 

3.3. coagulation factor assays, coagulation factor assays, 
4.4. genetic tests (eg. genetic tests (eg. factor V Leidenfactor V Leiden, , prothrombinprothrombin mutation  mutation 

G20210A), G20210A), 
1.1.  ( (the Leiden variant of the Leiden variant of factor Vfactor V, cannot be inactivated by , cannot be inactivated by activated protein Cactivated protein C

) ) , , dilute Russell viper venom testdilute Russell viper venom test (dRVVT),  (dRVVT), 

5.5. platelet function testsplatelet function tests,,
6.6. thromboelastographythromboelastography (TEG) (TEG)

1.1. depends on the activity of the depends on the activity of the plasmaticplasmatic coagulation system,  coagulation system, plateletplatelet  
function, function, fibrinolysisfibrinolysis

7.7. thromboelastometrythromboelastometry (ROTEG).  (ROTEG). 

http://en.wikipedia.org/wiki/Mixing_test
http://en.wikipedia.org/wiki/Antiphospholipid_antibody
http://en.wikipedia.org/wiki/Autoimmune_disorder
http://en.wikipedia.org/wiki/Antibody
http://en.wikipedia.org/wiki/Cell_membrane
http://en.wikipedia.org/wiki/Factor_V_Leiden
http://en.wikipedia.org/wiki/Prothrombin
http://en.wikipedia.org/wiki/Factor_V
http://en.wikipedia.org/wiki/Activated_protein_C
http://en.wikipedia.org/w/index.php?title=Dilute_Russell_viper_venom_test&action=edit
http://en.wikipedia.org/w/index.php?title=Platelet_function_test&action=edit
http://en.wikipedia.org/wiki/Thromboelastography
http://en.wikipedia.org/wiki/Blood_plasma
http://en.wikipedia.org/wiki/Platelet
http://en.wikipedia.org/wiki/Fibrinolysis
http://en.wikipedia.org/w/index.php?title=Thromboelastometry&action=edit


    

TEGTEG
 ThromboelastographyThromboelastography ( (TEGTEG®) is a method of testing the efficiency of ®) is a method of testing the efficiency of 

coagulation in the blood. It was first developed by Dr. Hellmut Hartert coagulation in the blood. It was first developed by Dr. Hellmut Hartert 
in 1948. in 1948. 

 The original methodThe original method
 In In classical thromboelastographyclassical thromboelastography, a small sample of blood (typically , a small sample of blood (typically 

0.36 ml) is placed into a cuvette (cup) which is rotated gently through 0.36 ml) is placed into a cuvette (cup) which is rotated gently through 
4º 45´ (cycle time 6/min) to imitate sluggish venous flow and activate 4º 45´ (cycle time 6/min) to imitate sluggish venous flow and activate 
coagulation. When a sensor shaft is inserted into the sample a clot coagulation. When a sensor shaft is inserted into the sample a clot 
forms between the cup and the sensor. The speed and strength of clot forms between the cup and the sensor. The speed and strength of clot 
formation is measured in various ways (now usually by computer), and formation is measured in various ways (now usually by computer), and 
depends on the activity of the plasmatic coagulation system, platelet depends on the activity of the plasmatic coagulation system, platelet 
function, fibrinolysis and other factors which can be affected by illness, function, fibrinolysis and other factors which can be affected by illness, 
environment and medications.environment and medications.

 The patterns of changes in strength and elasticity in the clot provides The patterns of changes in strength and elasticity in the clot provides 
information about how well the blood can perform hemostasis, and information about how well the blood can perform hemostasis, and 
how well or poorly different factors are contributing clot formation.how well or poorly different factors are contributing clot formation.



    



    

1.1. ThromboticThrombotic, immune , immune 
thrombocytopenic thrombocytopenic purpur
purapura  (TTP) (ITP) (TTP) (ITP)

2.2. Hemolytic-uremicHemolytic-uremic syn syn
dromedrome (HUS)  (HUS) 

3.3. Glanzmann'sGlanzmann's  thrombthromb
astheniaasthenia  

4.4. Bernard-Bernard-SoulierSoulier synd synd
romerome (abnormal  (abnormal 
glycoprotein Ib-IX-V glycoprotein Ib-IX-V 
complex) complex) 

5.5. Storage pool disorderStorage pool disorder
ss  

6.6. Paroxysmal nocturnalParoxysmal nocturnal
  hemoglobinuriahemoglobinuria  

7.7. Gray platelet Gray platelet 
syndrome: deficient syndrome: deficient 
alpha granules. alpha granules. 

8.8. Delta storage pool Delta storage pool 
deficiency: deficient deficiency: deficient 
dense granulesdense granules

1.1. HemophiliaHemophilia A A (Factor VIII  (Factor VIII 
deficiency) deficiency) 

2.2.   HemophiliaHemophilia B B (Factor IX  (Factor IX 
deficiency, "Christmas deficiency, "Christmas 
disease") disease") 

3.3. HemophiliaHemophilia C C (Factor XI  (Factor XI 
deficiency, mild bleeding deficiency, mild bleeding 
tendency) tendency) 

4.4. Von Von WillebrandWillebrand disease disease  
(the most common (the most common 
bleeding disorder) bleeding disorder) 

5.5. DICDIC
6.6. Factor inhibitorsFactor inhibitors

Disorders of haemostasis

PLTs and vessel wall Coagulation and thrombosis Predisposing to thrombosis 

1. Heparin-induced thro
mbocytopenia and 
thrombosis ("white 
clot syndrome") 

2. Antiphospholipid synd
rome

3.  Prothrombin mutation
4.  Protein C deficiency
5.  Protein S deficiency
6.  Antithrombin 

deficiency 
7. Factor V Leiden and 

Activated Protein C 
Resistence

8. Abnormally raised 
levels of Factor VIII 
and Factor XI 

http://en.wikipedia.org/wiki/Thrombotic_thrombocytopenic_purpura
http://en.wikipedia.org/wiki/Thrombotic_thrombocytopenic_purpura
http://en.wikipedia.org/wiki/Thrombotic_thrombocytopenic_purpura
http://en.wikipedia.org/wiki/Thrombotic_thrombocytopenic_purpura
http://en.wikipedia.org/wiki/Thrombotic_thrombocytopenic_purpura
http://en.wikipedia.org/wiki/Hemolytic-uremic_syndrome
http://en.wikipedia.org/wiki/Hemolytic-uremic_syndrome
http://en.wikipedia.org/wiki/Hemolytic-uremic_syndrome
http://en.wikipedia.org/wiki/Glanzmann%27s_thrombasthenia
http://en.wikipedia.org/wiki/Glanzmann%27s_thrombasthenia
http://en.wikipedia.org/wiki/Glanzmann%27s_thrombasthenia
http://en.wikipedia.org/wiki/Glanzmann%27s_thrombasthenia
http://en.wikipedia.org/wiki/Bernard-Soulier_syndrome
http://en.wikipedia.org/wiki/Bernard-Soulier_syndrome
http://en.wikipedia.org/wiki/Bernard-Soulier_syndrome
http://en.wikipedia.org/wiki/Bernard-Soulier_syndrome
http://en.wikipedia.org/w/index.php?title=Storage_pool_disorder&action=edit
http://en.wikipedia.org/w/index.php?title=Storage_pool_disorder&action=edit
http://en.wikipedia.org/wiki/Paroxysmal_nocturnal_hemoglobinuria
http://en.wikipedia.org/wiki/Paroxysmal_nocturnal_hemoglobinuria
http://en.wikipedia.org/wiki/Paroxysmal_nocturnal_hemoglobinuria
http://en.wikipedia.org/wiki/Hemophilia_A
http://en.wikipedia.org/wiki/Hemophilia_A
http://en.wikipedia.org/wiki/Hemophilia_B
http://en.wikipedia.org/wiki/Hemophilia_B
http://en.wikipedia.org/wiki/Hemophilia_C
http://en.wikipedia.org/wiki/Hemophilia_C
http://en.wikipedia.org/wiki/Von_Willebrand_disease
http://en.wikipedia.org/wiki/Von_Willebrand_disease
http://en.wikipedia.org/wiki/Von_Willebrand_disease
http://en.wikipedia.org/wiki/Heparin-induced_thrombocytopenia
http://en.wikipedia.org/wiki/Heparin-induced_thrombocytopenia
http://en.wikipedia.org/wiki/Antiphospholipid_syndrome
http://en.wikipedia.org/wiki/Antiphospholipid_syndrome
http://en.wikipedia.org/wiki/Antiphospholipid_syndrome
http://en.wikipedia.org/wiki/Prothrombin_mutation
http://en.wikipedia.org/wiki/Prothrombin_mutation
http://en.wikipedia.org/wiki/Protein_C_deficiency
http://en.wikipedia.org/wiki/Protein_S_deficiency
http://en.wikipedia.org/wiki/Antithrombin
http://en.wikipedia.org/wiki/Factor_V_Leiden


    

1.1. Physical trauma Physical trauma 
(atherosclerosis)(atherosclerosis)

2.2. Inflammation Inflammation 
(vasculitis)(vasculitis)

3.3. HypertensionHypertension

4.4. Bacterial Bacterial 
endotoxinsendotoxins

5.5. Cigarette Cigarette 
productsproducts

1.1. MI, AFMI, AF

2.2. AneurysmsAneurysms

3.3. Stasis, prolonged Stasis, prolonged 
bed restbed rest

Pro-thrombotic states

Endothelium Blood flow Hypercoagulability

1. Factor V Leiden 
mutation (can’t be 
deactivated)

2. Protein C,S 
deficiencies

3. Antithrombin III 
deficiency

4. Cancer (release 
procoagulant 
compounds)

5. Antiphospholipid 
antibodies



    

Bleeding tendenciesBleeding tendencies
 Vessel Vessel 

wallwall

1.1. InfectionsInfections((
Neisseria,RiNeisseria,Ri
cketsia)cketsia)

2.2. Collagen Collagen 
(Vit. C, (Vit. C, 
Ehlers Ehlers 
Danlos)Danlos)

 PLTsPLTs
1.1. ↓production↓production

2.2. ↓↓survivalsurvival
– immune,immune,
– non-immune,non-immune,
– mechanical,mechanical,
– dilutionaldilutional
– spleenic seq.spleenic seq.

3.3. DysfunctionDysfunction
– congenitalcongenital
– acquiredacquired

• Factor      
abnormalities

1.Acquired
• Vit K
• Warfarin
• Liver failure

2.Congenital
• vWF
• Haemophilias



    

1.1. Obstetric complicationsObstetric complications
2.2. Sepsis, particularly with Sepsis, particularly with 

gram-negative bacteria. gram-negative bacteria. 
3.3. Tissue trauma such as Tissue trauma such as 

burns, accidents, burns, accidents, 
surgery or surgery or shockshock. . 

4.4. Malignant cancers, or Malignant cancers, or 
widespread tissue widespread tissue 
damage (e.g. burns), or damage (e.g. burns), or 

5.5. hypersensitivityhypersensitivity  
reactions all can reactions all can 
produce the chemicals produce the chemicals 
leading to a DIC. leading to a DIC. 

6.6. LiverLiver disease  disease 
7.7. Incompatible blood Incompatible blood trantran

sfusion reactionssfusion reactions  
8.8. Envenomation by some Envenomation by some 

venomous snakes venomous snakes 

1.1. full blood countfull blood count      
((↓ PLTs↓ PLTs))

2.2. ↑ FDPs↑ FDPs or  or D-D-dimdim
erer tests (markers  tests (markers 
of of fibrinolysisfibrinolysis))

3.3. ↑↑bleeding timebleeding time
4.4. ↓↓  fibrinogenfibrinogen  

levelslevels..  

DIC

Causes Diagnosis Management

Blood starts to coagulate throughout the whole body. This depletes the body of its plat
elets and coagulation factors, and there is a paradoxically increased risk of hemorrhag
e  

The underlying cause must 
be treated initially. 
Anticoagulants are not 
given, as by now all the 
coagulation factors and 
platelets have been used 
up. These must be 
replaced, by platelet transfu
sion and fresh frozen plasm
a, to restore normal levels. 
infusion with antithrombin 
may be necessary. recombi
nant activated protein C 
product. 
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Heparin-induced thrombocytopeniaHeparin-induced thrombocytopenia (HIT) with or without  (HIT) with or without thrombosisthrombosis (HITT) is  (HITT) is thrombocythrombocy
topeniatopenia   due to the administration of   due to the administration of heparinheparin. While it is mainly associated with unfractioned . While it is mainly associated with unfractioned 

heparin , it can also occur with expsoure to LMWH, but at significantly lower rates. Despite heparin , it can also occur with expsoure to LMWH, but at significantly lower rates. Despite 
the low platelet count, it is a the low platelet count, it is a thromboticthrombotic disorder, with very high rates of  disorder, with very high rates of thrombosisthrombosis in the  in the artart
erieseries  with or without  with or without venousvenous complications. complications.

 Type I - Patients have a transient decrease in platelet count Type I - Patients have a transient decrease in platelet count 
without any further symptoms. This recovers even if heparin is without any further symptoms. This recovers even if heparin is 
continued to be administered. Platelet counts rarely fall below continued to be administered. Platelet counts rarely fall below 
100. It occurs in 10-20% of all patients on heparin. It is not due 100. It occurs in 10-20% of all patients on heparin. It is not due 
to an immune reaction and antibodies are not found upon to an immune reaction and antibodies are not found upon 
investigation. investigation. 

 Type II - This form is due to an Type II - This form is due to an autoimmuneautoimmune reaction with  reaction with 
antibodies formed against platelet factor 4 (PF4), neutrophil-antibodies formed against platelet factor 4 (PF4), neutrophil-
activating peptide 2 (NAP-2) and activating peptide 2 (NAP-2) and interleukin 8interleukin 8 (IL8) which form  (IL8) which form 
complexes with heparin. The most common being to the complexes with heparin. The most common being to the 
heparin-PF4 complex. It appears that heparin binding to heparin-PF4 complex. It appears that heparin binding to 
platelet factor 4 causes a confomational change in the protein, platelet factor 4 causes a confomational change in the protein, 
rendering it rendering it antigenicantigenic. Clot formation is mainly arterial and rich . Clot formation is mainly arterial and rich 
in platelets ("white clot syndrome"), in contrast with fibrin-rich in platelets ("white clot syndrome"), in contrast with fibrin-rich 
clots (which are red due to trapped clots (which are red due to trapped red blood cellsred blood cells). Most ). Most 
thrombotic events are in the lower limbs, skin lesions and thrombotic events are in the lower limbs, skin lesions and 
necrosis may also occur at the site of the heparin infusion necrosis may also occur at the site of the heparin infusion 
Type II HIT develops in about 3% of all patients on UFH and in Type II HIT develops in about 3% of all patients on UFH and in 
0.1% of patients on LMWH, and causes thrombosis in 30% to 0.1% of patients on LMWH, and causes thrombosis in 30% to 
40% of these patients. 40% of these patients. 

 Treatment is by Treatment is by prompt prompt 
withdrawalwithdrawal of heparin  of heparin 
and replacement with a and replacement with a 
suitable alternative suitable alternative 
anticoagulant.anticoagulant.

 Protamine sulfateProtamine sulfate, the , the 
normal antidote for normal antidote for 
heparin, is not effective as heparin, is not effective as 
the antibodies react with the antibodies react with 
platelets independent of platelets independent of 
heparin. heparin. 

 To block the thrombotic To block the thrombotic 
state, state, lepirudinlepirudin  
(Refludan®), (Refludan®), bivalirudinbivalirudin, , aa
rgatrobanrgatroban, , danaparoiddanaparoid or  or 
other other direct thrombin inhibidirect thrombin inhibi
torstors are used. are used.

   Low molecular weight heLow molecular weight he
parinparin is contraindicated in  is contraindicated in 
HIT.HIT.

HIT

Pathophysiology Management
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AnticoagulantsAnticoagulants
 Vitamin K antagonistsVitamin K antagonists
1.1. The oral anticoagulants are a class of The oral anticoagulants are a class of pharmaceuticalspharmaceuticals that act  that act 

by antagonizing the effects of by antagonizing the effects of vitamin Kvitamin K. It is important to note . It is important to note 
that they take at least 48 to 72 hours for the anticoagulant that they take at least 48 to 72 hours for the anticoagulant 
effect to develop fully. In cases when an immediate effect is effect to develop fully. In cases when an immediate effect is 
required, required, heparinheparin must be given concomitantly. Generally,  must be given concomitantly. Generally, 
these anticoagulants are used to treat patients with these anticoagulants are used to treat patients with deep-vein tdeep-vein t
hrombosishrombosis (DVT),  (DVT), pulmonary embolismpulmonary embolism, , atrialatrial fibrillation fibrillation, and , and 
mechanical mechanical prosthetic heart valvesprosthetic heart valves..

2.2. These oral anticoagulants are used widely as poisons for These oral anticoagulants are used widely as poisons for 
mammalian pests, especially mammalian pests, especially rodentsrodents. (For details, see . (For details, see rodenticrodentic
ideide and  and warfarinwarfarin.).)

3.3. The most important oral anticoagulants are:The most important oral anticoagulants are:
4.4. WarfarinWarfarin (Coumadin). This is the main agent used in the U.S.  (Coumadin). This is the main agent used in the U.S. 

and UK and UK 
5.5. AcenocoumarolAcenocoumarol and  and phenprocoumonphenprocoumon This is used more  This is used more 

commonly outside the U.S. and the UK commonly outside the U.S. and the UK 
6.6. PhenindionePhenindione  
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AnticoagulantsAnticoagulants
 Heparin and derivative substancesHeparin and derivative substances
 HeparinHeparin is a biological substance, usually made from  is a biological substance, usually made from pigpig  

intestines. It works by activating intestines. It works by activating antithrombinantithrombin III III, which blocks , which blocks 
thrombin from clotting blood. Heparin can be used thrombin from clotting blood. Heparin can be used in vivoin vivo (by  (by 
injection), and also injection), and also in vitroin vitro to prevent blood or plasma clotting in  to prevent blood or plasma clotting in 
medical devices. Vacutainer brand test tubes containing heparin medical devices. Vacutainer brand test tubes containing heparin 
are usually colored green.are usually colored green.

 Low molecular weight heparin is a more highly processed product Low molecular weight heparin is a more highly processed product 
that is useful as it does not require monitoring of the that is useful as it does not require monitoring of the APTTAPTT  coagulcoagul
ationation parameter (it has more predictable plasma levels) and has  parameter (it has more predictable plasma levels) and has 
less side effects.less side effects.

 Fondaparinux is a synthetic sugar composed of the five sugars Fondaparinux is a synthetic sugar composed of the five sugars 
(pentasaccharide) in heparin that bind to antithrombin. It is a (pentasaccharide) in heparin that bind to antithrombin. It is a 
smaller molecule than low molecular weight heparin.smaller molecule than low molecular weight heparin.
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HeparinHeparin
 HistoryHistory
 Heparin is one of the oldest drugs currently still in Heparin is one of the oldest drugs currently still in 

widespread clinical use. As it was discovered in 1916, widespread clinical use. As it was discovered in 1916, 
its introduction predates the establishment of the its introduction predates the establishment of the 
United States Food and Drug Administration. It was United States Food and Drug Administration. It was 
originally isolated from originally isolated from liverliver cells, hence its name  cells, hence its name 
((heparhepar or "ηπαρ" is Greek for "liver"). Scientists were  or "ηπαρ" is Greek for "liver"). Scientists were 
looking for an anticoagulant that could work safely in looking for an anticoagulant that could work safely in 
humans, and humans, and Jay McLeanJay McLean, a second-year medical , a second-year medical 
student from student from Johns Hopkins UniversityJohns Hopkins University working under  working under 
the guidance of the guidance of William Henry HowellWilliam Henry Howell, found a , found a 
compound extracted from liver that acted as an compound extracted from liver that acted as an 
anticoagulant.anticoagulant.
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HeparinHeparin
 Mechanism of actionMechanism of action

1.1. Heparin is a naturally occurring anticoagulant Heparin is a naturally occurring anticoagulant 
produced by basophils and mast cells.  produced by basophils and mast cells.  

2.2. Heparin binds to the enzyme inhibitor Heparin binds to the enzyme inhibitor antithrombinantithrombin III III  
(AT-III) causing a conformational change which (AT-III) causing a conformational change which 
results in its active site being exposed. The activated results in its active site being exposed. The activated 
AT-III then inactivates thrombin and other proteases AT-III then inactivates thrombin and other proteases 
involved in blood clotting, most notably involved in blood clotting, most notably factor factor XaXa..

3.3.  The rate of inactivation of these proteases by AT-III  The rate of inactivation of these proteases by AT-III 
increases 1000-fold due to the binding of heparin.increases 1000-fold due to the binding of heparin.

http://en.wikipedia.org/wiki/Antithrombin_III
http://en.wikipedia.org/wiki/Antithrombin_III
http://en.wikipedia.org/wiki/Factor_Xa
http://en.wikipedia.org/wiki/Factor_Xa


    

HeparinHeparin
 AdministrationAdministration
1.1. Heparin is given Heparin is given parenterallyparenterally; it is digested when ; it is digested when 

taken by mouth. It can be injected intravenously or taken by mouth. It can be injected intravenously or 
subcutaneously (under the skin). Intramuscular subcutaneously (under the skin). Intramuscular 
injections (into muscle) are avoided because of the injections (into muscle) are avoided because of the 
potential for forming potential for forming hematomashematomas. . 

2.2. Because of its short biologic Because of its short biologic half-lifehalf-life of approximately  of approximately 
one hour, heparin must be given frequently or as a one hour, heparin must be given frequently or as a 
continuous continuous infusioninfusion. However the use of . However the use of low moleculalow molecula
r weight heparinr weight heparin (LMWH) has allowed once daily  (LMWH) has allowed once daily 
dosing. Thus not requiring a continuous infusion of dosing. Thus not requiring a continuous infusion of 
the drug.the drug.

3.3. If long-term anticoagulation is required, heparin is If long-term anticoagulation is required, heparin is 
often only used to commence anticoagulation therapy often only used to commence anticoagulation therapy 
until the oral anticoagulant until the oral anticoagulant warfarinwarfarin takes effect. takes effect.
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HeparinHeparin
 Adverse reactionsAdverse reactions
 A serious side-effect of heparin is A serious side-effect of heparin is heparin-induced thrombocytopeheparin-induced thrombocytope

niania (HIT syndrome). HITS is caused by an immunological reaction  (HIT syndrome). HITS is caused by an immunological reaction 
that makes platelets aggregate within the blood vessels, thereby that makes platelets aggregate within the blood vessels, thereby 
using up coagulation factors. Formation of platelet clots can lead using up coagulation factors. Formation of platelet clots can lead 
to thrombosis, while the loss of coagulation factors and platelets to thrombosis, while the loss of coagulation factors and platelets 
may result in bleeding. HITS can (rarely) occur shortly after may result in bleeding. HITS can (rarely) occur shortly after 
heparin is given, but also when a person has been on heparin for heparin is given, but also when a person has been on heparin for 
a long while. Immunologic tests are available for the diagnosis of a long while. Immunologic tests are available for the diagnosis of 
HITS. There is also a benign form of thrombocytopenia associated HITS. There is also a benign form of thrombocytopenia associated 
with early heparin use which resolves without stopping heparin.with early heparin use which resolves without stopping heparin.

 Other side effects include Other side effects include alopeciaalopecia and  and osteoporosisosteoporosis..
 Treatment of overdoseTreatment of overdose
 In case of overdose, In case of overdose, protamineprotamine  sulfatesulfate can be given to counteract  can be given to counteract 

the action of heparin.the action of heparin.
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LMWHLMWH
 Differences with unfractionated Differences with unfractionated heparinheparin include: include:

1.1. Average molecular weight: heparin is about 20000 Da Average molecular weight: heparin is about 20000 Da 
and LMWH is about 3000 Da and LMWH is about 3000 Da 

2.2. Once daily dosing, rather than a continuous infusion Once daily dosing, rather than a continuous infusion 
of unfractionated heparin of unfractionated heparin 

3.3. No need for monitoring of the No need for monitoring of the APTTAPTT coagulation  coagulation 
parameter parameter 

4.4. Possibly a smaller risk of Possibly a smaller risk of bleedingbleeding  

5.5. Smaller risk of Smaller risk of osteoporosisosteoporosis in long-time use  in long-time use 

6.6. Smaller risk of heparin-induced thrombocytopenia, a Smaller risk of heparin-induced thrombocytopenia, a 
feared side-effect of heparin. feared side-effect of heparin. 
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AnticoagulantsAnticoagulants

 Direct thrombin inhibitorsDirect thrombin inhibitors
 Another type of anticoagulant is the Another type of anticoagulant is the direct thdirect th

rombin inhibitorsrombin inhibitors. Current members of this . Current members of this 
class include class include argatrobanargatroban, , lepirudinlepirudin, and , and bivabiva
lirudinlirudin. An oral direct thrombin inhibitor, . An oral direct thrombin inhibitor, ximxim
elagatranelagatran (Exanta®) may replace warfarin  (Exanta®) may replace warfarin 
for some indications. It is awaiting for some indications. It is awaiting Food andFood and
 Drug Administration Drug Administration (FDA) approval. (FDA) approval.

http://en.wikipedia.org/wiki/Direct_thrombin_inhibitor
http://en.wikipedia.org/wiki/Direct_thrombin_inhibitor
http://en.wikipedia.org/wiki/Argatroban
http://en.wikipedia.org/wiki/Lepirudin
http://en.wikipedia.org/wiki/Bivalirudin
http://en.wikipedia.org/wiki/Bivalirudin
http://en.wikipedia.org/wiki/Ximelagatran
http://en.wikipedia.org/wiki/Ximelagatran
http://en.wikipedia.org/wiki/Food_and_Drug_Administration
http://en.wikipedia.org/wiki/Food_and_Drug_Administration


    

Thank youThank you


	Haemostasis Anti-Coagulation
	Slide 2
	Slide 3
	Vasoconstriction
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Co-factors and Inhibitors
	Slide 16
	Slide 17
	Slide 18
	Assessment of haemostasis Common tests
	Assessment of haemostasis Other tests
	TEG
	Slide 22
	Slide 23
	Slide 24
	Bleeding tendencies
	Slide 26
	Heparin-induced thrombocytopenia (HIT) with or without thrombosis (HITT) is thrombocytopenia due to the administration of heparin. While it is mainly associated with unfractioned heparin , it can also occur with expsoure to LMWH, but at significantly lower rates. Despite the low platelet count, it is a thrombotic disorder, with very high rates of thrombosis in the arteries with or without venous complications.
	Anticoagulants
	Slide 29
	Heparin
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	LMWH
	Slide 37
	Slide 38

