Hemostasis and Blood Coagulation

Guyton & Hall, Chapter 36

OBJECTIVES:

1.  The student should be able to list the regulation of hemostasis.

2.  The student should be able to list the pathways and components involved in the blood coagulation cascade.

3.  The student should be able to describe the process of clot formation and retraction.

4.  The student should be able to describe and discuss the consequences and causes of excess bleeding and excess clot formation.

     I. Hemostasis

         A. components:

             1. blood platelets

             2. endothelial cells

             3. plasma coagulation factors

         B. events:

             1. compression and vasoconstriction

             2. formation of a platelet plug

             3. blood coagulation

             4. clot retraction and thrombus dissolution

         C. vascular spasm

             1. wall of vessel contracts

             2. reduces blood flow and blood loss

             3. caused by:

                 a. nervous reflexes

                     1. initiated by pain

                     2. other impulses

                 b. local myogenic spasm

                     1. local myogenic contraction

           2. in smaller vessels - release of the vasoconstrictor thromboxane A2

                 c. local humoral factors

         D. formation of a platelet plug

             1. adherence

                 a. activated by plasma substance

                 b. initiated by cell substances

                 c. binding of receptor platelets

                 d. platelets change with exposure to collagen or damaged vascular surface

                 e. swell

                 f. assume irregular forms with irradiating pseudopods

                 g. contractile proteins contract

                 h. release granules

             2. aggregation

                 a. platelets stick to collagen fibers

                 b. disruption of endothelium exposes subendothelial matrix

                 c. (ex.) collagen and laminin support platelet adherence

                 d. von Willebrand Factor (VIII)

                 e. thrombin

             3. secretion

                 a. release ADP, thromboxane, collagen, etc.

                 b. activates other platelets

                 c. increases stickiness

         E. formation of a blood clot as a result of blood coagulation

             1. begins within 15 to 20 seconds after severe trauma to vascular wall

             2. begins within 1 to 2 minutes after minor trauma to vascular wall

             3. clot initiated by:

                 a. activator substances from vascular wall

                 b. activator substances from platelets

                 c. blood proteins

             4. clot forms within 3 to 6 minutes

         F. growth of fibrous tissue into the blood clot

             1. clot retraction occurs within 20 min to 1 hour

             2. after formation of a clot:
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                 a. clot becomes invaded by fibroblasts which forms connective tissue


                           (1 to 2 weeks)

                 b.  or..... it dissolves
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     II. Platelets

         A. minute round or oval discs

         B. 2 to 4 micrometer in diameter

         C. formed from megakaryocytes in the bone marrow

         D. normal concentration = 150,000 to 300,000 / microliter

         E. half-life of 8 to 12 days

         F. eliminated by tissue macrophage system - mostly in the spleen

         G. characteristics:

             1. no nuclei

             2. cannot reproduce

         H. cytoplasm contains:

             1. actin and myosin molecules î

             2. thrombosthenin cause contraction

             3. residuals of endoplasmic reticulum and Golgi apparatus

                 a. synthesize enzymes

                 b. store large quantities of calcium ions

             4. mitochondria

                 a. ATP

                 b. ADP

             5. enzyme systems that synthesize prostaglandins

             6. fibrin-stabilizing factor

             7. growth factor

                 a. cellular growth

                 b. cellular repair

         I. cell membrane

             1. surface coat of glycoproteins

                 a. avoids adherence to endothelium

                 b. adheres to injured areas of vessel wall & collagen

             2. phospholipids

     III. Blood Coagulation

         A. >50 substances involved in coagulation

             1. procoagulants = promote coagulation

             2. anticoagulants = inhibit coagulation

         B. mechanism:

             1. in response to a damaged vessel or damage to the blood, a complex

                 cascade of chemical reactions occurs

                 a. requires more than a dozen blood coagulation factors

                 b. net result is formation of a complex of activated substances called

                     prothrombin activator

            2. prothrombin activator catalyzes the conversion of prothrombin into

               thrombin

                 a. prothrombin activator

                 b. Ca++

                 c. conversion of prothrombin to thrombin

                 d. prothrombin attaches to prothrombin receptors on the platelets

                 e. prothrombin:

                         1. plasma protein, alpha2-globulin, 68,700 MW

                         2. formed by the liver, vit. K dependent

                         3. splits into other compounds - ex. thrombin

             3. thrombin acts as an enzyme to convert fibrinogen into fibrin fibers

                 a. fibrinogen:

                     1. high MW = 340,000

                     2. protein

                     3. formed by the liver

                     4. seldom leaks into interstitial fluid - interstitial fluid coagulates poorly

                 b. thrombin is a protein enzyme with proteolytic capabilities

                 c. thrombin polymerizes fibrin into long fibrin fibers that form the reticulum of the clot

             4. clot retraction

                 a. expresses fluid

                 b. fluid = serum (no factors)

                 c. platelets are necessary for clot retraction

                 d. contraction is accelerated by thrombin and Ca++

[image: image4.png]



I. Coagulation Cascade
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         A. formation of prothrombin activator

         B. extrinsic pathway

             1. trauma to the vascular wall and surrounding tissues

             2. release of tissue factor (several factors)

         C. intrinsic pathway

             1. begins in the blood

             2. Clotting factors

                 a. vit. K dependent:

                     1. prothrombin

                     2. Factor VII

                     3. Factor IX

                     4. Factor X

                     5. protein C

         D. phospholipids - necessary for activation of both pathways

         E. common pathway

     V. Clot Retraction and Fibrinolysis

         A. prostacyclin (PGI2)

             1. endothelial cell metabolite

             2. inhibits platelet function

             3. generated from arachidonic acid

         B. tissue plasminogen activator (TPA)

             1. released by activated endothelial cells

             2. converts plasminogen to plasmin
         C. plasmin

             1. protein

             2. hydrolyses fibrin

             3. limits clotting

         D. thrombin

             1. binds to thrombomodulin on the surface of endothelial cells

             2. converts protein C to an active protease

         E. protein C and its cofactor protein S

             1. restrain coagulation by proteolysis of factors Va and VIIIa

             2. activated protein C augments fibrinolysis by blocking an inhibitor of TPA

         F. antithrombin III

             1. potent inhibitor of proteases (ex. = thrombin)

             2. activity is accelerated by small amounts of heparin

        G. heparin = a mucopolysaccharide found in many cells

        H. thrombotic disorders

             1. deficiencies or abnormalities in proteins that regulate or

                 constrain coagulation

             2. intravascular clot formation leads to severe pathologic consequences

                 (embolism, stroke, etc.)

             3. associated with abnormalities in protein C, protein S, antithrombin III,

                 and plasminogen

     VI. Causes of Excessive Bleeding


A. vitamin K deficiency

B. hemophilia


C. thrombocytopenia

VII. Thromboembolic Conditions

     A. thrombus = abnormal clot that develops in the blood vessel

     B. emboli = free flowing clot

     C. causes of thromboembolic conditions

    
 1. roughened endothelial surface of a vessel

     
2. slow flowing blood

     
3. DIC = disseminated intravascular coagulation

VIII. Anticoagulants

     A. heparin

     B. coumarins (ex. warfarin)

     
1. liver depressant effect

     
2. lowers the levels of prothrombin, Factors VII, IX, and X

     
3. competes with vit. K

IX. Blood Coagulation Tests

     A. bleeding time

     B. clotting time

     C. prothrombin time
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