Platelet and Coagulation Disorders

· A blood clot consists of a platelet plug enmeshed in network of insoluble fibrin

· Platelet aggregation and fibrin formation both require the proteolytic enzyme thrombin.

· Clotting also requires: calcium ions and about a dozen other clotting factors.

· Most of these circulate in the blood as inactive precursors and are activated through proteolytic cleavage

· Damaged cells display a surface protein called tissue factor.

· Binds to factor 7a
· Factor X binds and activates Factor V; now called prothrombinase because it converts prothrombin (Factor II) to thrombin

· Thrombin has several different activities

· Proteolytic cleavage of fibrinogen (Factor I) to form soluble fibrin

· Activation of Factor XIII forms covalent bonds between soluble fibrin molecules converting them into insoluble meshwork- clot
· Antithrombin III- Plasma protein which inhibits formation of thrombin by: binding to and inactivating prothrombin and factor IX and X
· Plasmin- activated by tissue plasminogen activator, dissolves clots
· Protein C and S- excess thrombin binds to cell-surface receptors and activates plasma protein called Protein C and its cofactor Protein S
· These inhibit further thrombin formation by inactivating Factor V and XIII

· Deficiency predisposes a person to clotting
· Dissolving Clots- Plasma contains plasminogen, which binds to the fibrin molecules in a clot.
· Nearby healthy cells release tissue plasminogen activator (TPA), which also binds to fibrin and activates plasminogen forming plasmin that proceeds to digest fibrin, thus dissolving the clot
· Platelets

· Platelets are cell fragments produced from megakaryocytes
· Blood normally contains 150-350,000/ul
· If this value should drop much below 50,000ul, there is a danger of uncontrolled bleeding
· Damaged blood vessels have exposed fibrils of collagen that are linked to platelets to form a plug via Von Willebrand Factor (platelet glue)

· Bound platelets release ADP and thromboxanes that recruit and activate still more platelets
· Thromboxane is the reason why aspirin is beneficial in avoiding MI or stroke
· TPA- thrombolytics, with strokes or MI
· Bleeding Disorders

· The hemostatic system consists of platelets, coagulation factors, and endothelial cells lining the blood vessels.
· A bleeding disorder may result from deficiency or mutation of a clotting factor and/or platelet dysfunction
· Platelet Disorders

· Platelet disorders can be considered as
· 1. Quantitative
· 2. Qualitative
· They can further be divided into:
· 1. Decreased production
· 2. Increased destruction or loss
· 3. Splenic sequestration of platelets
· Platelet disorders will lead to defects in primary hemostasis and have signs and symptoms different from coagulation factor deficiencies (disorders of secondary hemostasis)
· The body’s reaction to vessel wall injury is rapid adhesion of platelets to the endothelium.
· The initial hemostatic platelet plug is stabilized further by a fibrin mesh generated in secondary hemostasis- however, the arrest of bleeding in a superficial wound, such as the bleeding time, almost exclusively results from the primary hemostatic plug

· Bleeding time is associated with primary hemostasis
· Primary hemostatic disorders cause increase bleeding times. (Petechiae and purpura
· In comparison, defects in secondary hemostasis exhibit delayed deep bleeding and physical examination findings include hemarthrosis and muscle hematomas.

· In addition, unlike hemophilia, most inherited platelet disorders are not X-linked and are equally distributed in both sexes
· Risk Factors: Family history, SLE, or other autoimmune disorders, HIV
· Signs and symptoms of bleeding disorders

· Primary
· Petechiae- Primary
· Contusions- Primary
· Ecchymosis- Primary
· Purpura- Primary
· Bleeding gums- Primary
· Menorrhagia- Primary
· Wound Bleeding- Primary
· Epistaxis- Primary
· Secondary
· Hemorrhagic bullae- Secondary
· Bleeding into the CNS- Secondary
· Spontaneous bleeding into joints of fingers, wrists, feet, and spine- Secondary
· Both
· Gastrointestinal bleeding- Primary or Secondary
· Hemoptysis- Primary or Secondary
· Microscopic hematuria
· Splenomegaly- associated symptom
· Diagnosis

· Careful examination of peripheral blood smear(platelet count presence of shistocytes) is essential in patients with thrombocytopenia
· Prothrombin time (PT)- Factors 2,7,9,10-vitamin K dependent

· Evaluates extrinsic pathway

· Coumadin
· Partial Thromboplastin Time (PTT)
· Evaluates intrinsic pathway and antithrombin III
· Heparin
· Bleeding Time- measure duration of time required for bleeding to stop from fresh superficial cut on volar surface of forearm; cessation of bleeding results from formation of primary hemostatic plug
· Prolonged bleeding time with normal platelet count is very significant and indicates qualitative platelet disorder
· In disorders of secondary hemostasis, bleeding time is almost invariably normal
· Von Willebrand Disease- Autosomal dominant; 1/1000 people; Most common inherited bleeding disorder
· Defective platelet adhesion to subendothelial components secondary to deficiency of plasma protein vWf
· This large protein is synthesized and stored in endothelial cells; and secreted following stimulation 
· vWf has a major role in primary hemostasis and mediates interaction of platelet to subendothelium via the glycoprotein Ib complex
· vWf acts as a carrier and stabilizer of coagulation factor VIII by forming a complex in the circulation 

· In the absence of vWf, the factor VIII is low. It mimic hemophilia A
· Mild bleeding disorder except in patients who are homozygous for the defect
· Diagnosis: Prolonged bleeding time and characteristic abnormalities in platelet aggregation tests; functional Factor VIII deficiency leads to prolonged PTT- Normal platelet count
· Treatment: DDAVP is a vasopressin analog that releases vWf from endothelial cells; used for minor surgeries and dental procedures. 
· For more severe bleeding, treatment of choice is vWf concentrates
· Cryoprecipitate has approximately 100U of factor VIII per bag and has all multimeric forms of vWf
· Thrombocytopenia resulting from: immune mediated (ITP) or increased consumption and DIC
· Production defects result from diseases that casue bone marrow failure
· Aplastic anemia- bone marrow injury: Not producing any blood cells (chemotherapeutics, chloramphenicol, and anticonvulsants)
· Blood Cancers- Leukemia
· Chronic alcoholism with megaloblastic anemia: Decreased blood cell production
· Non bone marrow disorders include: immune disorders, hypersplenism, DIC, HUS, TTP, Sepsis, drugs
· Idiopathic Thromocytopenic Purpura (ITP)
· Disease caused by autoantibodies to platelets at the target of platelet glycoprotein IIb/IIIa complex
· Platelets with surface antibodies are trapped in the spleen and removed from circulation
· These antibodies can also react with developing megakaryocytes in bone marrow, leading to decreased production of platelets and ineffective thrombopoiesis
· Usually no splenomegaly; normal bone marrow
· It occurs in 2 distinct types:
· Acute self-limiting form- observed almost exclusively in healthy children age 3-5
· Sudden onset of disease with varied symptoms depending on platelet count 
· The presence of LAD or splenomegaly suggests other secondary causes of thrombocytopenia
· Bleeding is usually mild unless levels drop below 20,000/ul
· 20-50k/ul: Petechiae
· <10k/ul: generalized petechiae, ecchymosis, mucosal bleeding
· <2k/ul: widespread ecchymosis, hemorrhagic bullae, and retinal hemorrhage
· Treatment: Usually self-limited; platelet transfusion if count <20,000/ul
· Immunoglobulin G IgG results in prompt rise in platelet count, and response confirms diagnosis.
· The mechanisms of action are not clear- but it suppresses autoantibody production
· Oral steroids- suppress immune response (decrease Ab, increase platelets)
· Chronic Form- observed mostly in adults age 20-40 with female predilection
· No consensus has been reached regarding when to start steroid therapy from chronic ITP in adults
· Most physicians do not treat patients unless their platelet count is below 50,000/ul
· Unlike in children IV IG does not cause increase platelet count
· Steroid therapy- 60% of patients can be expected to show therapeutic response
· Autoimmune disease related
· Only 15-25% of patients are expected to have lasting remission; the remainders have disease characterized by frequent relapses and remission
· <20,000  patients have a Splenectomy
· Give pneumococcal vaccine
· Limited benefit using immunosuppression with Cytotoxic agents
· Treatments for Splenectomy and steroid failures: plasmapheresis- autoantibodies responsible for ITP are primarily IgG and > 50% IgG pool is in the extravascular space
· Differential Diagnosis: SLE, HIV, acute leukemia- may require bone marrow examination 
· Dilution thrombocytopenia- fluid or blood component replacement without platelet support
· Diagnosis: Blood smear may show giant platelets, a reflection of increased thrombopoietin-induced stimulation of bone marrow.
· Bone marrow examination may show increased megakaryocytes
· Hemolytic Uremic Syndrome (HUS)- vascular lesions indistinguishable from those observed in patients with TTP, but renal vasculature endures the most lesions, with minimal neurological dysfunction
· This is catastrophic illness predominantly affecting children 4-12 months old and sometimes older children
· It follows an URI and is related to E. Coli 0157:H7 or Shigella toxins
· The disease is described as a triad:
· Anemia (microangiopathic hemolytic)
· Renal Problems (elevated BUN/creatinine)
· Thrombocytopenia
· Diagnosis: Shistocytes (RBC fragmentation) on blood smear
· Treatment: Plasmapheresis, IV fluid hydration and pressor to prevent hemodynamic compromise
· Thrombotic Thrombocytopenic Purpura (TTP)- Rare, serious  disorder described as pentad
· Fever
· Anemia (microangiopathic hemolytic)
· Renal dysfunction
· Thrombocytopenia
· Neurological dysfunction
· Clinical and lab findings include: fever, bleeding, pallor, altered mental status, splenomegaly
· Recent evidence indicates that this disorder results from abnormal presence of unusually large precursors of von Willebrand protein, which are normally synthesized in the endothelial cells and processed by a plasma enzyme to normal-size. This enzyme is identified as ADAMTS13. The ultra-large multimers induce aggregation of platelets, causing platelet consumption and occlusion of microvasculature in the brain, kidney, and other organs
· Diagnosis: Shistocytes (RBC fragmentation) on blood smear; absence of signs of DIC (D-Dimer differentiates between DIC and TTP)
· Treatment: Medical emergency
· Plasma exchange of 3-5L/day instituted promptly and continued daily until platelet count normalizes 
· Steroids
· Antiplatelet agents have not altered natural course of disease
· Frequent relapsers are candidates for Splenectomy
· Differential Diagnosis: A TTP-like syndrome has been associated with SLE, pregnancy, HIV infection, and drugs (quinine, ticlodipine, Clopidogrel, cyclosporine, cytotoxic agents)
· Differentiating TTP from ITP is very important because platelet transfusion are contraindicated in TTP and plasma exchange therapy should be initiated as soon as possible in patients with TTP
· Acquired Platelet Dysfunction
· Uremia- The bleeding has the characteristics of a platelet disorder, and GI tract bleeding is most common
· Bleeding time is generally very prolonged, signifying a major defect in platelet function, which improves after dialysis
· Many dialyzable platelet-inhibitory factors have been shown to inhibit platelet function
· Treatment: Dialysis, DDAVP, cryoprecipitate
· Deficiency of Factors II, VII, IX, X causes interference with mechanism of clotting proteins
· Vitamin K stores 30 days
· Acutely ill patients can have symptoms in 7-10 days
· Causes: Liver failure, malabsorption, nutritional deficiency
· Diagnosis: PT and TTP are prolonged
· Treatment: Vitamin K supplementation or specific replacement of clotting factors
· Heparin is a mixture of polysaccharides that bind to antithrombin III and generally enhances its inhibition of thrombin synthesis. It causes a unique situation of drug-induced thrombocytopenia in that the antibodies also activate platelets and induce a hypercoaguability state
· Common drugs associated with thrombocytopenia include: quinidine, amiodarone, gold, captopril, sulfonamides, carbamazepine, ibuprofen, cimetidine, tamoxifen, ranitidine, phenytoin, vancomycin, and piperacillin
· Diagnosis: A temporal relationship must be present between the administration of the drug and the development of thrombocytopenia, with no other explanations fro the thrombocytopenia. Recurrent thrombocytopenia following reexposure to the drug confirms the drug as the cause of thrombocytopenia
· Clotting Factor Dysfunction
· Hemophilia A for Factor VIII deficiency- 1 in 10,000 people
· Hemophilia B for factor IX deficiency- 1 in 40,000 people
· Hemophilia C for factor XI deficiency

· Hemophilia- An inherited X-linked bleeding disorder due to deficiency of specific clotting factors.
· It begins in early childhood and persists throughout life.
· Bleeding may occur spontaneously or following injury; patients have a tendency form abnormal excessive bleeding.
· There are many mutant version of the gene and some disease produce only a minor effect on the function of their protein, others fail to produce any functioning clotting factor
· The transmission of this gene to offspring accounts for 70% of the cases of hemophilia
· The remaining 30 occur from spontaneous changes in genes responsible for causing hemophilia
· Inheritance questions

· A woman who is a carrier of hemophilia and a normal healthy male have a child. What are subsequent risks to a male/female child?
· Male- 50% chance
· Female- 50% chance of carrier state
· A woman who is a carrier of hemophilia and a hemophilic male have a child. What are subsequent risks to a male/female child?
· Male- 50% chance
· Female- 50% chance of hemophilia
· 50% chance of carrier state
· Diagnosis: Assay for specific clotting factors, prolonged PTT with normal PT
· Normal bleeding time
· Treatment: Avoid aspirin, NSAIDS, and coagulants
· Cryoprecipitate
· Specific education for bleeding in joints
· Apply direct pressure to site; apply ice and splints to affected joints
· Transfusion of deficient clotting factor concentrates
· Vitamin K is a cofactor needed for the liver synthesis of: Factors II, VII, IX, and XX as well as protein C and S
· Deficiency of Vitamin K predisposes to bleeding
· Blocking the action of vitamin K helps to prevent inappropriate clotting
· Warfarin (Coumadin)- vitamin K antagonist
· Clotting disorders- while the ability to clot is essential to life, the process must be carefully regulated
· Inappropriate clot formation, especially in the brain or lungs, can be life threatening
· Signs and symptoms

· Excessive thrombosis, microvascular thrombosis
· Cardiac, pulmonary, renal ischemia
· Hepatic, bowel, CNS ischemia
· Thrombophlebitis (DVT)
· Pulmonary embolus
· Nonbacterial thrombotic endocarditis
· Gangrene
· Disseminated Intravascular Coagulation- Always secondary to another condition
· Systemic activation of coagulation and fibrinolysis by some other primary disease process including:
· Complications of pregnancy
· Retained fetus, abortion
· Amniotic fluid embolism
· Placental abruption
· Ecclampsia
· Sepsis (especially gram neg.)
· Malignancy 
· Metastatic disease
· Leukemia
· Transfusion reactions
· Trauma
· Head injury, crush injury, burns
· Intravascular hemolysis
· Thrombocytopenia
· TTP, ITP
· Coagulation system activation results in systemic circulation of thrombin and plasmin
· Thrombin circulates and converts fibrinogen to fibrin, which forms clots in the circulation.
· These clots cause microvascular and macrovascular thrombosis with resultant peripheral ischemia and end organ damage.

· Platelets become trapped in clot with resultant thrombocytopenia
· Plasmin circulates systemically converting fibrinogen into fibrin degradation products (FDPs), which impair hemostasis and platelet function
· Acute and uncompensated DIC- Clotting factors are used more quickly than the body can replace them. Hemorrhage is predominant and overshadows thrombosis
· Chronic and compensated DIC- Body keeps up with clotting factor consumption, thrombosis is predominant
· Diagnosis: Decreased platelets, prolonged PT/PTT (consumption), decreased fibrinogen, increased fibrin degradation products, increased D-Dimer
· Some of these tests may be normal in chronic DIC; usually still has increased fibrin degradation products
· Treatment: control bleeding, restore and maintain circulating blood volume, treat precipitating disease
· Therapy is individualized on age, hemodynamic status, severity of bleeding/clotting
· Bleeding predominant

· Replace depleted blood components, fresh frozen plasma (FFP-clotting factors), and cryoprecipitate
· Platelet transfusion for <20,000; or <50,000 with ongoing bleeding
· Clotting predominant

· Heparin (use is controversial)- may be effective in mild to moderate DIC; possible indications:
· Purpura fulminans (gangrene of digits) and thrombosis of large vessels
· Acute promyelocytic leukemia; before surgery with metastatic carcinoma
· Dead fetus syndrome- several weeks after intrauterine fetal death
· Antithrombin concentrates (controversial)
