Hemostasis, Clotting, and Platelets
Hemostasis is the physiologic process that leads to the arrest of bleeding.

The first step (primary hemostasis) after injury is blood vessel constriction and platelet aggregation.

The second step (secondary hemostasis) is activation of the coagulation cascade, forming 
thrombin and the conversion of fibrinogen to insoluble fibrin.
Platelets
Platelets are not true cells, but are fragments of megakaryocytes stimulated by thrombopoietin.
Platelets survive for 10 days (RBC survive 120 days, neutrophils a few hours).
Spleen stores 1/3 of platelets at any given time.

Platelets have a canalicular system for protein transport, and extensive microtubule system to 
maintain discoid shape.  Activated platelets change into spheres with long pseudopodia to 
increase aggregation.
Dense granules contain thromboxane and ADP, which activates more platelets. This is a positive 
feedback loop.
Alpha granules contain vWF and fibrinogen.
Platelets have four functions  (the whole process with all four functions takes 3-7 minutes)
1.  Adhesion.  Platelets release vWF which binds them to subendothelium within seconds of injury.


Congenital absence of vWF or its platelet receptor, or auto-antibodies against these proteins, 
will cause severe bleeding.

2.  Secretion.  Platelet agonists including thrombin (from clotting cascade), collagen (from 
subendothelium), thromboxane and ADP (both from dense granules) cause secretion.

Platelets secrete ADP, thromboxane, fibrinogen, vWF, and fibronectin.  There is lots of 
positive feedback in the clotting system.

ADP and thromboxane promote more platelet activation.  Thromboxane is a 
vasoconstrictor and potent platelet agonist.  Thromboxane is generated by COX and is 
sensitive to aspirin (why people take aspirin to prevent clotting).
3.  Aggregation.  Formation of the platelet plug is mostly caused by fibrinogen binding to surface 
glycoprotein receptor GPIIb/GPIIIa.  This receptor only binds fibrinogen during platelet 
activation because it undergoes conformational change.  Fibrinogen crosslinks platelets.  
Auto-immune antibodies against the fibrinogen receptor causes thrombocytopenia.
4.  Pro-coagulant activity.  Activated platelets permit clotting factors V and X to bind surface 
hospholipid binding sites, causing their activation.  So platelets are like a sponge for 
lotting factors, localizing them to injury site.
Prevention of inappropriate coagulation
Endothelial cells normally antagonize platelet adhesion and aggregation.

Thrombomodulin prevents thrombin generation.

Fibrinolytic pathway (tPA) lyses intravascular fibrin.
Prostacyclin raises cAMP, and nitric oxide raises cGMP.  Both inhibit platelet response to agonists.
Endothelial ADPase also inhibits platelet response.
Thrombocytopenia – characterized by petechia and bleeding from mucosal surfaces
1.  Sequestration.  Splenic enlargement will sequester platelets from circulating.

2.  Decreased production.  Thrombopoietin stimulates megakaryocytes and sensitizes platelets to 
platelets agonists.  If it is absenst, production will be insufficient.

3.  Increased destruction.  This is the most common cause of thrombocytopenia.  Usually 
autoimmune or drug-induced.  Auto-antibodies bind to platelets and cause destruction by 
macrophages in the spleen and liver.


Idiopathic thrombocytopenia purpura (ITP) caused by auto-antibodies against fibrin receptor.

A good sign of increased platelet destruction is increased megakaryocytes in the marrow.

(Raymond removed images of platelets production regulation, fibrinogen cross-linking two platelets via GPIIb/GPIIIa, and signal transduction within platelets.) 
