Anticoagulants, Antiplatelet, and Fibrinolytic Drugs
Venous Thromboembolism (VTE)

Venous thromboembolism (VTE) is a disease which encompasses DVT and PE.  DVT is a thrombus that usually occurs in the lower extremities involving the deep veins of the calf, superficial large veins, and deep veins behind the knee.  PE is a complication of a DVT when the clot dislodges and migrates to the pulmonary artery.
Stats


Accounts for 300,000-600,000 hospitalizations per in the US.  60,000 deaths per year occur due to PE.
Pathophysiology


3 factors affect the pathophysiology of VTE, also known as Virchow’s triad.  Venous stasis is altered or decreased blood flow to the deep veins in the lower limbs.  This results in endothelial damage of valves secondary to hypoxia and local concentration of activated clotting factors.  This can be the result of prolonged immobility or bed rest, venous obstruction, hypovolemia, increased age, obesity, pregnancy, malignant disease, varicose veins, or CHF.

Vascular injury occurs secondary to mechanical or chemical trauma that evokes an inflammatory response and local activation of the clotting cascade.  Can be the result of surgery, bone fracture, venipuncture, or chemical irritation.


Hypercoagulability can occur in individuals with acquired or inherited risk factors (thrombophilic disorders).  Inherited risk factors include activated protein C resistance (factor V Leiden mutation), elevations in factors VIII and XI, or deficiencies in protein C, protein S, and Antithrombin III.  Acquired risk factors include the presence of lupus anticoagulant and antiphospholipid antibodies, cancer, and estrogens and selective estrogen receptor modulators.   
Clotting Cascade


The clotting cascade involves sequential activation of proteolytic clotting factors.  Factors II (prothrombin), VII, IX, and X are vitamin K dependent clotting factors.  Warfarin (Coumadin) inhibits the synthesis of these vitamin K dependent clotting factors.  The half-lives of the clotting factors range from 6-50 hours.  Heparin inactivates the various other clotting factors by binding to Antithrombin III.


The intrinsic pathway is activated by contact with factor XII with exposed collagen from damaged vessels.  The extrinsic pathway is activated by exposure of blood to tissue thromboplastin which is released after vascular injury that activates factor VII and X.  The pathways converge with activation of factor X (rate limiting step in cascade).  Activation of factor X leads to formation of thrombin from prothrombin (factor II).  Thrombin catalyzes conversion of fibrinogen (factor I) to fibrin, resulting in a clot.  SEE DIAGRAM. 

Antithrombin III inactivates thrombin.  Protein C and S are also clotting inhibitors.  Deficiency leads to an increased occurrence of thrombosis.
Anticoagulants


Anticoagulants do not dissolve existing clots.  They only prevent the formation of future clots.  
Warfarin (Coumadin)

Warfarin (Coumadin) is structurally related to vitamin K.  It inhibits the synthesis of vitamin K dependent factors (II, VII, IX, and X).  Also antagonizes Protein C and S.  This may lead to a hypercoagulative state prior to therapeutic activation of the drug before all the vitamin K dependent factors are depleted.  This is part of the reason Coumadin is combined with Heparin early on in treatment.  Pregnancy category D/X.  It crosses the placenta and causes fetal hemorrhage and various structural malformations.  Structural malformations may be due to vitamin K dependent maturation of bone properties in the fetus.

Used in the prophylaxis and treatment of deep venous thrombosis (DVT), PE, and thromboembolic disorders; atrial fibrillation, artificial heart valves, and prophylaxis of systemic embolism post-MI.  Contraindications include pregnancy, hemorrhagic tendencies, hemophilia, severe or uncontrolled HTN, or severe hepatic disease.


Absorption of Coumadin has 100% bioavailability PO.  99% of the drug is protein bound.  For Coumadin, you must consider the half-lives of the vitamin K dependent clotting factors.  Factor VII has a half-life of 6 hours.  This is the first clotting factor to be cleared from the body.  The earliest change in the INR from Coumadin therapy will be seen approximately 24-36 hours after the first dose.  This is considered to be the anticoagulant effect.  Factor II (prothrombin) has a half-life of 50 hours.  This is the last clotting factor to be cleared.  Coumadin has now stopped clot-expansion and can prevent the formation of new clots.  It takes at least 5 days to get this antithrombotic effect.  Coumadin is a CYP2C9 substrate, so other drugs will affect its metabolism.  


The usual starting dose is 5mg (QD) for 3 days then check the INR.  However, in patients over 65 years old, the starting dose needs to be reduced to 2.5mg per day due to decreased renal clearance.  Start coumadin at any time during heparin treatment but should be started when anticoagulation effect is needed.  Never load a patient with more than 5mg.  Overlap with heparin by 4-5 days, then discontinue once the INR is therapeutic.  Dose adjustments should be made based on PT and INR.  Adjust weekly dose by increased or decreasing the weekly dose by 10-20% based on the INR.  Increase the dose if the INR is too low and vice versa.  Avoid dose changes every 2-3 days

Must monitor prothrombin time (PT) and international normalized ration (INR).  The INR should be 2-3 for most indications but 3-4.5 for patients which mechanical prosthetic heart valves or recurrent systemic embolization.  The PT should be 1.3-1.5x the control and should be monitored in case of lab error.  INR = (PTobsv/PTcontrol) ISI –.  Monitor QD until the patient has 2 therapeutic INRs, then 2-3x/week for 1-2 weeks.  Once the patient is stable you can decrease monitoring to every 4-6 weeks.  Also monitor for signs and symptoms of bleeding.


ADRs include bleeding (increased PT/INR), CNS effects, GI effects, allergy, and hepatic effects.  Skin necrosis can occur in the thigh, breast, or buttocks.  Can be related due to protein C deficiency or direct toxic effects of coumadin.  Normally occurs within the first 10 days of treatment.  Occurs more commonly in women than men.  Purple toe syndrome occurs 3-8 weeks after initiation of therapy.  Discoloration can persist after discontinuation.


DDI include many increased coumadin effects (see attached handout).  Decreased effects may be due to direct antagonism by vitamin K.  Avoid extreme changes in diet.  

There are several herbal/alternative medicine interactions as well.  Cat’s claw, ginseng, gingko dong quai, garlic, feverfew and evening primrose all have additional Antiplatelet activity and therefore increase the effects of coumadin.  This leads to increased bleeding risk.  St. John’s wart, alfalfa, and coenzyme Q can decrease the effects of coumadin.  This increases the clotting risk.


In the case of coumadin overdose, discontinue the drug immediately.  Phytonadione (AquaMephyton) (Vitamin K1) SC is then given.  Dosing algorithms are available.  Phytonadione (Mephyton) (Vitamin K) PO is rarely used.  Fresh frozen plasma, factor IX, or whole blood can be used.


Patient education should include explanation of rational of treatment, the need to monitor PT/INR, side effects of bleeding, risks of DDIs, interactions with food and herbal production, and moderation of alcohol intake.  
Heparin


Heparin, or unfractionated heparin (UFH), is extracted from animal lungs (porcine or bovine).  Pregnancy category C.  It potentiates the activity of the endogenous anticoagulant Antithrombin III.  This in turn activates thrombin (factor IIa) and other clotting factors (IX, X, XI, and XII) and plasmin.  Used in the treatment and prophylaxis of DVT and PE, unstable angina, acute MI, cardiac bypass, vascular surgery, angioplasty, stents, and DIC.  Contraindications include severe thrombocytopenia and uncontrolled bleeding.


Does not have good absorption PO.  Has a short half-life so it must be given IV or SC.  NOT FOR IM USE.  Onset is instantaneous (IV) and 1-2 hours (SC).  Undergoes liver metabolism.


Must monitor aPTT.  Level should be 1.5-2.5x the patients baseline (normal is approximately 30 seconds).  Monitor for signs and symptoms of bleeding.


ADRs include bleeding due to increased PTT.  Thrombocytopenia can also occur so platelet count must be monitored.  2 types: Type I Heparin-induced thrombocytopenia (HIT) has an onset of 2-4 days.  Non-immune mediated.  Results in a mild reduction in platelets (approximately 100,000); Type II is immune-mediated HIT.  Has an onset of 5-14 days.  Immune mediated.  Results in more severe reduction in platelets (less than 100,000).  Treatment of both types of HIT includes d/c of heparin and usage of direct thrombin inhibitors (lepirudin and argatroban).  Other ADR include CNS, dermatological, and GI effects, osteoporosis, hyperkalemia, and local effects at the site of injection

DDI include increased risk of bleeding with other anticoagulants or drugs which affect platelets.  Certain CPS and IV PCNs may inhibit platelet aggregation and increase bleeding.  Other DDIs include antihistamines, tetracycline, quinine, nicotine and digoxin (all can increase heparin’s effects).


For low dose prophylaxis, use 5000 units SQ q8h-q12h.  For treatment, IV dose by units/kg.  Use weight-based nomograms.


In the case of heparin overdose, discontinue the drug.  Protamine sulfate forms an inactive complex with heparin so that Antithrombin III can’t be formed.  Effect is immediate.  Dose is 1mg of protamine per 100 units of heparin.  Can cause hypotension so give it slowly over 10 minutes.  
Low Molecular Weight Heparins


Low molecular weight heparins, or LMWH, includes Dalteparin (Fragmin), enoxaparin (Lovenox), and Tinzaparin (Innohep).  They inactivate thrombin to a lesser extent than UFH because smaller molecules (2,000-6000 vs. 5,000-30,000) can not bind to both thrombin and Antithrombin simultaneously.

Used in the prevention and treatment of DVT associated with orthopedic surgeries and abdominal surgeries, PE, and treatment of unstable angina and non-Q-wave-MI.  FDA-approved indications vary among individual agents.  LMWH have better pharmacokinetics and pharmacodynamics than UFH, less bleeding, and do not require lab monitoring of aPTT.  Can be used on outpatient basis.   
Direct Thrombin Inhibitors


Hirudin is the active chemical in leeches that has been used to prevent thrombosis in the fine vessels of reattached digits.  Bivalirudin (Angiomax) is a synthetic derivative of Hirudin.  Not used for IM used.  Directly inhibits thrombin with little effect on bleeding time or platelets.  Used with ASA for patients with unstable angina undergoing PTCA or to treat HIT.


Others include Lepirudin (Refludan) and Argatroban.  Ximelagatran (Exanta) is an oral anticoagulant which inhibits thrombin.  Does not require monitoring, frequent dose adjustments, and has few DDIs.  DENIED FDA-APPROVAL FOR LIVER TOXICITY!
Factor XA Inhibitor


Fondaparinux (Arixta) is primarily used for prevention of DVT in hip and knee replacement surgery.  Not for IM use (SC only).  May be more effective than LMWH.  Not yet FDA approved for DVT and PE treatment.  
Antiplatelet Drugs


Platelets adhere to damaged endothelium via linkage of glycoprotein Ia and Ib receptors.  Activated platelets synthesize and release mediators of platelet aggregation including thromboxanes A2 (TXA2), adenosine diphosphate (ADP) and serotonin (5HT3).  Mediators increase the expression of glycoprotein receptors and promote platelet aggregation via the binding of fibrinogen to IIb/IIIA receptors.  

Aspirin

Aspirin is an NSAID.  It inhibits the synthesis of prostaglandins from arachidonic acid cascade by inhibiting cyclooxygenase.  Specifically inhibits synthesis of TXA2 and Prostacyclin.  It is an irreversible cyclooxygenase inhibitor because it inhibits aggregation for the life of the platelet.  Lower dose 81mg selectively inhibits TXA2.  Used to prevent arterial thrombosis in patients with ischemic heart disease and stroke, unstable angina to prevent MI, post MI for thrombus prevention, TIA for stroke prevention, in patients with heart valve/PTCA for thrombus prevention, and as an analgesic, antipyretic, and anti-inflammatory.


ADRs include bleeding and GI irritation.


Other Antiplatelet drug includes Dipyridamole (Persantine)

Ticlopidine (Ticlid)


Ticlopidine (Ticlid) reduces platelet aggregation by inhibiting ADP.  Has no effect on prostaglandin synthesis.  Can be used in patients who cannot tolerate ASA.


ADRs include n/v/d, GI upset, neutropenia (can be severe – need frequent CBC monitoring).  Rarely used now.

Clopidogrel (Plavix)


Clopidogrel (Plavix) blocks the ADP receptor which prevents the binding of fibrinogen and thereby reduces platelet adhesion and aggregation.  Used to reduce MI, stroke and vascular deaths in patients with atherosclerosis documented by recent MI, stroke or established peripheral arterial disease; prevention of thrombotic complications after coronary stenting; and acute coronary syndromes (unstable angina and non-Q-wave-MI).


ADRs include bleeding, GI effects, and thrombocytopenia

Cilostazol (Pletal)


Cilostazol (Pletal) inhibits PDE III and cyclic AMP, which will lead to arterial vasodilation and inhibition of platelet aggregation.  Used for intermittent claudication and thrombotic complications of coronary angioplasty.


ADRs include headache, diarrhea, dizziness, and palpitations


DDIs include ASA and coumadin.  It is also a CYP450 substrate.  
Glycoprotein (GP) IIb/IIIa Inhibitors


Glycoprotein (GP) IIb/IIIa inhibitors block the binding of fibrinogen to the GP IIb/IIIa receptor, thereby inhibiting platelet aggregation.  Used to prevent clotting during PCI (percutaneous coronary intervention), coronary stents, in unstable angina pre-PCI, and medical stabilization of unstable angina.


ADRs include bleeding, bradycardia, hypotension, and CNS side effects.


Drugs in this category include Abciximab (ReoPro), which may be reversible with platelet infusion.  Other drugs have short half-life so effects should dissipate in 4-8 hours.  Other drugs include Tirofiban (Aggrastat) and Eptifibatide (Integrilin)
Fibrinolytics


Normal fibrinolysis occurs when plasminogen is converted to plasmin.  Plasmin (protease) breaks down fibrin and fibrinogen to fibrin split products and fibrinogen to degradation products.  This results in clot dissolution.


Fibrinolytics work by dissolving existing clots.  All are plasminogen activators, some in plasma, and some in tissue.  Used primarily to dissolve clots of acute MI.  Can also be used for PE or stroke.  Streptokinase and Urokinase are used in LOW doses to dissolved clotted catheters.


Drugs in this group include Streptokinase (Streptase), Urokinase (Abbokinase), Alteplase (Activase) (TPA), Reteplase (Retevase), and Tenecteplase (TNKase).  For all agents, timing is crucial.  The sooner they are administered after MI occurs, the better.  Best if given within 3 hours of event.  
