Anticoagulants, Antiplatelets, and Fibrinolytic Drugs

· Venous Thromboembolism (VTE)

· Definition: VTE is a disease which encompasses DVT and PE
· 1. DVT- Thrombus that usually occurs in the lower extremities involving the deep veins of the calf, superficial large veins, and deep veins behind the knee
· 2. PE- Complication of a DVT. 95% originate from a DVT. 
· Statistics

· 300-600 thousand hospitalization per year in the US

· 60 thousand deaths/year to PE

· Pathophysiology- 

· 3 factors- aka

· Venous stasis- altered or decreased blood flow to the deep veins in the lower limbs- endothelial damage of valves( secondary to hypoxia and local concentration of activated clotting factors

· Prolonged immobility or bed rest

· Venous obstruction

· Hypovolemia

· Increased age

· Obesity

· Pregnancy 

· Malignant disease

· Varicose veins

· CHF

· Vascular injury- occurs secondary to mechanical or chemical trauma that evokes an inflammatory response and local activation of the clothing cascade

· Surgery 

· Bone fracture

· Venipuncture

· Chemical irritation

· Hypercoagulability- can occur in individuals with acquired or inherited risk factors (thrombophilic disorders)

· Inherited risk

· Activated protein C resistance (factor V Leiden mutation

· Elevations in factors VIII and IX

· Deficiencies in protein C, protein S, and antithrombin III

· Acquired risk factor

· Presence of lupus anticoagulant and antiphospholipid antibodies

· Cancer

· Estrogens and selective estrogen receptor modulators

· Clotting Cascade
· Involves sequential activation of proteolytic clotting factors

· Coagulation factors

· Factors II (prothrombin), VII, IX, X are vitamin K dependent clotting factors. Warfarin inhibits the synthesis of these Vitamin K dependent clotting factors

· Heparin inactivates the various other clotting factors by binding to antithrombin III

· Intrinsic pathway- activated by contact with factor XII with exposed collagen from damaged vessels

· Extrinsic pathway- activated by exposure of blood to tissue thromboplastin which is released after vascular injury that activated factor VII and X.

· 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- CLOT

· SEE DIAGRAM
· Factor II has a half-life of 50 hours, factor VII has a half-life of 6 hours

· Antithrombin III is going to inactivate thrombin

· Protein C and S deficiencies lead to increased thrombosis
· Inhibitors of the system

· Anticoagulants
· Coumadin and dicoumaral

· Heparin

· Low molecular weight heparins

· Direct thrombin inhibitors

· Selective factor Xa inhibitor

· Warfarin (Coumadin)
· Structurally related to Vitamin K

· MOA- inhibits the synthesis of vitamin K dependent factors (II,VII,IX,X), also antagonizes Protein C and S

· May get a Hypercoagulability directly after use

· Pregnancy category D/X

· Will cross placenta and cause fetal abnormalities
· Structural malformations (Vitamin K dependent maturation of bone) and fetal hemorrhage

· Indications- prophylaxis and treatment of deep venous thrombosis (DVT), PE and thromboembolic disorders; atrial fibrillation; artificial heart valves; prophylaxis of systemic embolism post MI

· Contraindications- LOTS- pregnancy, hemorrhagic tendencies, hemophilia, severe or uncontrolled HTN, severe hepatic disease

· Pharmacokinetics
· Absorption: PO- 100% bioavailability

· Distribution: 99% protein bound

· Half-life- must consider half lives of the Vitamin K dependent clotting factors

· Factor VII- half-life= 6 hours

· First clotting factor to be cleared from the body

· The earliest change from INR will be seen in 24-36 hours after the first dose
· Considered the anticoagulation effect, but there is no antithromobtic effect

· Factor II (prothrombin)- half-life=50 hours

· Last factor to be cleared

· Coumadin has stopped clot expansion and can now prevent new clots

· Takes at least 5 days to get the effect 

· Metabolism: CYP450 2C9 substrate

· Dosing

· Usual starting doses are 5mg (QD) x 3 days then check INR

· In patients over 65 years old the dose must be reduced to 2.5 mg due to decreased hepatic function

· Overlap with heparin by 4-5 days, then d/c heparin once INR is therapeutic 

· Start heparin treatment at any point in treatment but should be started when anticoagulation effect is needed

· Coumadin dose adjustments based on PT and INR- never load a patient with more than 5mg dose (narrow therapeutic window, more bleeding but won’t help the clot)
· Adjust weekly dose- based on INR
· If INR is too low than you increase the dose to increase the INR

· Generally by 10 or 20% increase

· Avoid changing doses every 2-3 days
· Dose adjustments
· Monitoring

· Must monitor Prothrombin time (PT) and international normalized ration (INR)

· PT should be 1.3-1.5 times the control

· Monitor in case of lab error

· INR= (PT obsv/PTcontrol) ISI- of thromboplastin agent being used in the lab

· INR should be 2-3 for most indications, but 3-4.5 for patients with mechanical prosthetic heart valves or recurrent systemic embolization

· Monitor QD until the patient has 2 therapeutic INRS, then 2-3x/week for 1-2 weeks, once patient is stable can decrease monitoring to every 4-6 weeks

· Monitor for signs and symptoms of bleeding

· ADR

· Bleeding (inc. PT/INR)

· CNS effects

· GI effects

· Allergy

· Hepatic effects

· Skin necrosis

· Thigh, breast, buttocks

· More commonly seen in women

· Purple toe Syndrome

· Occurs 3-8 weeks after therapy

· DDI

· Increased Coumadin effects- MANY DDI- see attached handout

· Decreased effects may be due to direct antagonism by Vitamin K. Avoid changes in diet

· Herbs/Alternative Medication interaction
· Cats Claw, ginseng, gingko dong quai, garlic, feverfew, and evening primrose all have additional antiplatelets activity and therefore increase the effects of Coumadin – increase bleeding

· ST. John’s wart, alfalfa and coenzyme Q-decrease effects of Coumadin- increase clotting risk

· Treatment of overdose

· Discontinue Coumadin

· Phytonadione (AquaMephyton) (Vitamin K) subcutaneous. Dosing algorithms available

· May have to give for three days

· Phytonadione (Mephyton (Vitamin K) PO- barely used

· Possibly fresh frozen plasma, factor IX, or whole blood

· Patient education 

· Explain rationale of treatment

· Explain need to monitor PT/INR

· Explain side effects of bleeding

· Explain risk of DDIs, interactions with food and herbal products

· Moderate alcohol intake

· Heparin
· AKA- unfractionated heparin (UFH)

· Extracted from animal lung (porcine or bovine)

· Pregnancy category C

· MOA- Potentiates the activity of the endogenous anticoagulant antithrombin III. This in turn inactivates thrombin (factor IIa) and other clotting factors (IX, X, XI, XII) and plasmin

· Indications- Treatment and prophylaxis of DVT and PE, unstable angina, acute MI, cardiac bypass, vascular surgery, angioplasty, stents and DIC

· Contraindications- severe thrombocytopenia, uncontrolled bleeding

· Pharmacokinetic

· Absorption: not absorbed PO

· Short half-life- must be given IV, SC. Not for IM use. Onset is instantaneous (IV) and 1-2 hours (SC)

· Metabolism- hepatic

· Monitoring 

· Must monitor aPTT. Level should be 1.5-2.5x the patients baseline (nl is approx 30 seconds)

· Monitor for signs and symptoms of bleeding

· ADR

· Major ADR is bleeding (Inc. PTT)

· Thrombocytopenia (monitor platelet count)

· Type I Heparin induced thrombocytopenia (HIT)

· Onset: 2-4 days

· Non-immune mediated

· Mild reduction in platelets (approx 100 thousand

· Type II- Immune mediated HIT

· Later onset, 5-14 days

· Immune mediated 

· More severe reduction in platelets (less than 100 thousand)

· Treatment of both types of HIT

· Discontinue heparin (HIT is reversible)

· Use direct thrombin inhibitors (lepirudin or argatroban)

· Other DRs include CNS, dermatological and GI effects, osteoporosis, hyperkalemia and local effects at site of injection

· DDIs- 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 DDI include antihistamines, tetracycline, quinine, nicotine, and digoxin (all can increase heparins effects)

· Dosing

· For low dose prophylaxis- 5000 units SQ q8h-q12h

· For treatment- IV dose by units/kg. Use weight based nomograms

· Treatment of overdose

· Discontinue heparin

· 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
· AKA LMWH

· Includes Dalteparin (Fragmin), enoxaparin (Lovenox) and tinzaparin (Innohep)

· MOA- Inactivate thrombin to a lesser extent than UFH because smaller molecules (2000-6000 vs. 5,000-30,000) can not bind to both thrombin and antithrombin simultaneously

· Indications- Used in 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 pharmacodynamcis than UFH, less bleeding and don’t require lab monitoring of aPTT

· Better bioavailability, don’t have to monitor levels, and less bleeding than Coumadin 
· Can be used on outpatient basis- preformed syringes
· Direct Thrombin Inhibitors
· Hirudin- leeches have been used to prevent thrombosis in the fine vessels of reattached digits

· Bivalirudin (Angiomax)

· Synthetic derivative of hirudin

· Not for IM use

· Directly inhibits thrombin, with little effect on bleeding time or platelets

· Used with ASA for patients with unstable angina undergoing PTCA (per cutaneous transluminal angioplasty) or to treat HIT 

· Lepirudin (Refludan)

· Argatroban

· Ximelagatran (Exanta)

· Oral anticoagulant which inhibits thrombin

· Does not require monitoring, frequent dose adjustments and has few drug interactions

· Denied FDA approval due to liver toxicity

· Factor XA Inhibitor
· Fondaparinaux (Arixtra)
· 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
· Normal platelet aggregation
· Platelet adheres to damaged endothelium via linkage of glycoprotein Ia and Ib receptors

· Platelets activated- synthesize and release mediators of platelets aggregation including thromboxane 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

· May be classified as an NSAID

· MOA- Inhibits the synthesis of prostaglandins from arachidonic acid cascade by inhibiting cyclooxygensase. Specifically inhibits synthesis of TXA2 and prostacyclin; Irreversible cyclooxygenase inhibitor- Inhibits aggregation fro life of platelet- Lower dose 81mg selectively inhibits TXA2

· Indications

· Used to prevent arterial thrombosis in patients with ischemic heart disease and stroke

· In unstable angina, used to prevent MI

· Post- MI- thrombus prevention

· TIA- stroke prevention

· In patients with heart valve/PTCA- thrombus prevention

· Analgesic, antipyretic, anti-inflammatory

· ADR include bleeding and GI irritation

· Dipyridamole (Persantine)

· Inhibits adhesion to cell wall

· Ticlopidine (Ticlid)

· MOA- reduces platelet aggregation by inhibiting ADP, has no effect on prostaglandin synthesis
· Can be used in patients who cannot tolerate ASA

· ADRs- nausea, vomiting, diarrhea, GI upset, neutropenia (can be severe- need frequent CBC monitoring)

· Rarely used now- Plavix is the preferred drug

· Clopidogrel (Plavix)

· MOA-blocks the ADP receptor which prevents binding of fibrinogen and thereby reduces platelet adhesion and aggregation
· Indications- 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; acute coronary syndromes (unstable angina and non-Q-wave MI)

· ADRs- Bleeding, GI effects, thrombocytopenia

· Cilostazol (Pletal)

· MOA- inhibits PDE III- cAMP- arterial vasodilation and inhibition of platelet aggregation

· Indications- Intermittent claudication and thrombotic complications of coronary angioplasty

· ADRs- Headache, diarrhea, dizziness, palpitations

· DDIs- ASA, Coumadin. Also it is a CYP450 substrate.

· Glycoprotein (GP) IIb/IIIa Inhibitors

· MOA- blocks the binding of fibrinogen to the GP IIb/IIIa receptor thereby inhibiting platelet aggregation

· Indications- Used to prevent clotting during PCI, coronary stents, in unstbable angina pre-PCI and medical stabilization of unstable angina

· ADRs- Major adverse effect is bleeding. Other ADRs include bradycardia, hypotension and CNS side effects

· Drugs in this category

· Abciximab (ReoPro)- Abciximab may be reversible with platelet infusion, other drugs have short T1/2 so effects should dissipate in 4-8 hour

· Tirofiban (Aggrastat)

· Eptifibatide (Intergrilin)

· These agents differ in storage requirements, pharmacokinetically, dosing and administration, IV rates and the rate and which platelet function is restored.
· Fibrinolytis- will discuss further in spring when we do MI/stroke
· Normal fibrinolysis

· Plasminogen- Plasmin

· Plasmin (protease) breaks down fibrin and fibrinogen to fibrin split products and fibrinogen to degradation products

· Results in clot dissolution

· MOA of fibrinolytic

· Work by dissolving existing clots

· All are plasminogen activators (some in plasma, some in tissue)

· Therapeutic uses

· Used primarily to dissolve clots of acute MI

· Also being used for PE or stroke

· Streptokinase and Urokinase used in LOW doses to dissolve clotted catheters (esp. dialysis patients)
· Drugs in this category

· Steptokinase (Streptase)

· Urokinase (Abbokinase)

· Alteplase (Activase)(TPA)- tissue plasminogen activator

· Reteplase (Retevase)

· Tenecteplase (TNKase)

· Different treatment options of acute MI

· Alteplase (TPA)- 1.5 hour infusion total

· Reteplase- 2 doses administered IV over 2 mins (2 doses given 30 min apart)

· Tenecteplase- total dose- bolus in 5 seconds

· For all agents- Timing is crucial, sooner they are administered after MI occurs, the better. Best if given within 3 hours of event.
