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➢ Anticoagulants are drugs that prevent or 
delay clotting of blood.  The most common 
anticoagulants are Heparin, Enoxaparin, 
and Warfarin

➢ These drugs have no effect on a clot once 
it is formed

➢ In order to understand anticoagulants, we 
need to understand the clotting cascade



➢ Steps involved in primary hemostasis.

⚫ Adhesion of platelets to damaged vascular 
wall (requires von Willebrand factor, also 
known as vWF)

⚫ Activation of platelets (requires thrombin, 
which is factor IIa)

⚫ Aggregation of platelets (requires ADP and 
thromboxane A2)

⚫ Production of fibrin (requires the extrinsic, 
intrinsic and final common pathways



➢ Mechanism of action.  When vascular 
endothelium is damaged and the 
subendothelium of the blood vessel wall is 
exposed, vWF anchors platelets to the 
collagen layer of the subendothelium

➢ One end of vWF attaches to the platelet 
and the other end attaches to collagen 
receptors in the subendothelial layer of 
damaged tissue



➢ Thrombin (factor IIa) is also involved in clotting. 

It combines with the thrombin receptor on the 

platelet surface to activate the platelet, a 

process involving a shape change of the platelet 

and the release of a variety of mediators 

involved in coagulation and healing  

➢ Among these mediators are thromboxane A2 

and ADP.  Both of these promote platelet 

aggregation



➢ Thromboxane A2 and ADP uncover 

fibrinogen receptors 

➢ Thrombin converts fibrinogen (factor I) to 

fibrin (factor Ia)

➢ Fibrin attaches to its receptors, thereby 

linking platelets together  

➢ In a nut shell, fibrin (factor Ia) aggregates 

platelets



➢ Coagulation ultimately involves the 

formation of a fibrin clot, which binds and 

strengthens a platelet plug

➢ There are two pathways in which a fibrin 

clot can be formed 

⚫ Extrinsic pathway

⚫ Intrinsic pathway



➢ Extrinsic pathway is initiated upon vascular 

injury which leads to exposure of tissue 

thromboplastin factor (factor III), a sub-

endothelial cell-surface glycoprotein. This is the 

more important pathway in humans

➢ Intrinsic pathway is initiated when contact is 

made between blood and exposed endothelial 

cell surfaces or foreign surfaces 



Platelets

➢ Platelets have an average lifespan of 8-12 

days

➢ Normal platelet count is 150,000-400,000 

cells per ml

➢ Approximately 33% of the platelet pool is 

sequestered in the spleen



Von Willebrand’s disease

➢ Von Willebrand’s disease.  

⚫ The most common inherited coagulation 

defect

⚫ vWF is normally produced by vascular 

endothelial cells, in von Willebrand’s disease, 

there is an insufficient production of vWF

⚫ Less common forms of this disease involve an 

abnormal binding of vWF to platelets



Von Willebrand’s disease

➢ Treatment:  Involves replacement of factor 
VIII:vWF with cryoprecipitate or 
alternatively, DDAVP (d-amino-d-arginine 
vasopressin)

➢ DDAVP:  Non-pressor analogue of 
vasopressin which causes release of 
endogenous stores of vWF.  Platelet 
adhesion increases within 30 minutes and 
wears off in 4-6hrs



Von Willebrand’s disease

➢ If neither DDAVP or cryoprecipitate works 

then Factor VIII concentrate should be used

➢ Factor VIII concentrate is a pooled plasma 

product and is treated to inactivate HIV and 

hepatitis viruses



➢ Overview of coagulation factors

⚫ Fibrinogen: factor I (pathway-both)

⚫ Prothrombin: factor II (pathway-both)

⚫ Tissue thromboplastin: factor III (pathway-

extrinsic)

⚫ Calcium: factor IV (pathway-both)

⚫ Proaccelerin: factor V (pathway-both)

⚫ Proconvertin: factor VII (pathway-extrinsic)



⚫ Antihemophilic factor:  factor VIII (pathway-

intrinsic)

⚫ Christmas factor:  factor IX (pathway-intrinsic)

⚫ Stuart factor:  factor X (pathway-both)

⚫ Plasma thromboplastin: factor XI (pathway-

intrinsic)

⚫ Hageman factor:  factor XII (pathway-intrinsic)

⚫ Fibrin stabilizing factor:  factor XIII (pathway-both)



⚫ Prekallikrein (PK): Fletcher factor (pathway-

intrinsic)

⚫ High molecular weight kininogen (HMWK): 

Contact activation factor (pathway-intrinsic)

⚫ Note:  All procoagulant clotting factors are 

made in the liver EXCEPT:  VIII:vWf, III, and 

IV



Factors Involved

➢ Extrinsic pathway

⚫ Factor VII

⚫ Factor III

➢ Intrinsic pathway

⚫ Factor XII

⚫ Factor XI

⚫ Factor IX

⚫ Factor VIII



Pathways

➢ Extrinsic: “For 37 cents you can purchase 

the extrinsic pathway”

➢ Intrinsic: “If you cannot buy the intrinsic 

pathway for $12, you can get it for $11.98”





➢ All procoagulant clotting factors are made 

in the liver except: vWF:VIII, Tissue 

thromboplastin (factor III), and calcium 

(factor IV)

➢ The coagulation factors that are vitamin K 

dependent are factors II, VII, IX, and X



Intrinsic Clotting Cascade

➢ Requires factors VIII, IX, X, XI, and XII  

Also requires the proteins prekallikrein and 

high molecular weight kininogen, as well 

as calcium ions and phospholipids 

secreted from platelets  

➢ Each of these constituents leads to the 

conversion of factor X (inactive) to factor 

Xa (active)



Extrinsic Clotting Cascade

➢ Requires factors III and VII  

➢ Each of these constituents leads to the 

conversion of factor X to factor Xa



Common Pathway

➢ Both the intrinsic and extrinsic pathways 
lead to one common pathway that leads to 
clot formation. Factors in the common 
pathway include:

⚫ Factor X

⚫ Factor IV

⚫ Factor II

⚫ Factor I

⚫ Factor XIII



➢ Factor X is activated to factor Xa. Factor 

Xa then activates prothrombin (factor II) to 

thrombin (factor IIa) 

➢ Thrombin then activates fibrinogen (factor 

I) to fibrin (factor Ia).



➢ At this point in the common pathway, fibrin is 

now formed but not cross-linked. These two 

factors combine to cross-link fibrin.

⚫ Factor XIII (thrombin also helps activate factor 

XIII)

⚫ Factor IV



➢ When tissue injury occurs, three processes 

occur

⚫ Vascular spasm

⚫ Platelet plug formation (platelets are activated by 

tissue injury)

⚫ Coagulation of blood



➢ Activated platelets accelerate the 

conversion of prothrombin (factor II) to 

thrombin (factor IIa)





Role of Thrombin

➢ Thrombin plays a central role in 

coagulation because it not only activates 

platelets, but also accelerates conversion 

of factors I, and XIII to their active forms



Control of Thrombin Levels

➢ The inability of the body to control 

thrombin levels would lead to dire 

consequences

➢ In each step towards the activation of 

thrombin, there are feedback mechanisms 

that regulate the balance between active 

and inactive enzymes



Control of Thrombin Levels

➢ The activation of thrombin is also 

regulated by 4 specific thrombin inhibitors.  

Antithrombin III is the most important of 

these since it can also inhibit the activities 

of factors IIa, IXa, Xa, XIa, and XIIa  

➢ This leads us to the first anticoagulant in 

our discussion 



Heparin

➢ Heparin is a glycosaminoglycan. It works by 
binding with antithrombin III. When heparin 
complexes with antithrombin III, the 
anticoagulant activity of antithrombin III 
increases 1,000 fold

➢ In rare instances, some patients have an 
antithrombin III deficiency. If they need to be 
heparinized they can be given two units of 
fresh frozen plasma, factor III concentrate, or 
synthetic antithrombin III (Thrombate III)



Heparin

➢ A unit of heparin is defined as the volume 

of heparin-containing solution that will 

prevent 1ml of citrated sheep blood from 

clotting for 1 hour after the addition of 

0.2ml of 1:100 calcium chloride  

➢ Heparin must contain at least 120 United 

States Pharmacopeia (USP) units per ml  



Heparin

➢ Why is heparin always given in units?

⚫ Different commercial preparations of heparin 

differ in potency. This is the reason that 

heparin is prescribed in units

➢ Administration of heparin is either IV or SQ

➢ It is poorly lipid soluble and cannot cross 

lipid barriers in significant amounts



Heparin

➢ IM injection of heparin is avoided due to 

the potential for hematoma formation

➢ Heparin can be given to pregnant women 

without causing anticoagulation of the 

fetus because it does not cross the 

placenta

➢ Pharmacokinetics of heparin are not well 

understood



Heparin

➢ It is known that the dose-response 

relationship increases disproportionately in 

intensity and duration with increased 

dosages

➢ Hypothermia prolongs the duration of 

heparin

➢ Renal and hepatic dysfunction may also 

affect its elimination



Heparin

➢ Patients with malignancies and 

inflammatory disorders are resistant to 

heparin

➢ Antithrombin III exerts its effects on factors 

II, IX, X, XI, and XII.  Therefore, heparin 

exerts its effects on the intrinsic pathway

➢ Heparin can be reversed with protamine 

sulfate. (10mg per 1000 units of heparin)



Heparin

➢ Protamine is a positively charged 

substance. Heparin is a negatively 

charged substance. Protamine combines 

electrostatically with heparin 

➢ Protamine reverses the action of heparin 

by neutralization



Lab Tests for Heparin

➢ Activated partial thromboplastin time 

(aPTT) or (PTT).  PTT measures the 

clotting time from the activation of factor 

XII, through the formation of the fibrin clot. 

It measures the intrinsic and common 

pathways of coagulation  

➢ Side note:  Prothrombin time (PT) 

measures the extrinsic and common 

pathways of coagulation



Lab Tests for Heparin

➢ PTT prolongations are caused either by 

factor deficiencies (factors VIII, IX, XI, XII) 

or inhibitors (most commonly, lupus, or 

anticoagulants such as heparin)

➢ With very high doses of heparin, the PTT 

is not useful because it is not measurable 

over 150 seconds



Lab Tests for Heparin

➢ Activated Coagulation Time (ACT) is the 

test used for high dose heparin

➢ Used primarily during CABG surgery

➢ Anticoagulation must be established prior 

to CPB to prevent acute disseminated 

intravascular coagulation (DIC) and 

formation of clots in the membrane 

oxygenator of the pump



➢ An ACT longer than 450-500 seconds is 
considered safe at most centers in the 
country

➢ Anything below 300 seconds for CPB is 
considered dangerous

➢ Dosing of heparin for CPB is 300-400 units/kg

➢ Heparin should be given through a central 
line

➢ ACT is usually measured 3-5 minutes after 
heparin is administered

➢ If the ACT is less than 400 seconds, another 
100 units/kg is usually given



Low Molecular Weight Heparin

➢ As the name implies, these have a lower 
molecular weight than heparin

➢ Main use is prophylactic treatment of deep 
vein thrombosis

➢ Differences in their binding properties 
convey pharmacokinetic advantages, 
simpler dosing, more predictable 
anticoagulant activity, and improved safety 
profile compared to unfractionated heparin



Low Molecular Weight 

Heparin
➢ LMWH binds less to endothelial cells and 

plasma proteins, resulting in improved 

bioavailability

➢ Elimination half-life is much longer than 

that of unfractionated heparin, which is 

one of the factors that allows them to be 

dosed at longer intervals



Low Molecular Weight 

Heparin
➢ The improved bioavailability, dose-

independent clearance, and reduced 
affinity for heparin-binding proteins make 
the anticoagulant response to LMWH
more predictable than that of 
unfractionated heparin  

➢ For this reason, laboratory monitoring is 
usually unnecessary



Low Molecular Weight 

Heparin
➢ Examples of LMWH

⚫ Enoxaparin (Lovenox) (half-life 4.5hrs)

⚫ Dalteparin (Fragmin) (half-life 2.4hrs)

⚫ Tinzaparin (Innohep) (half-life 1.5hrs)

⚫ Ardeparin (Normiflo) (half-life 3.5hrs)          

(not currently available in US)



Warfarin

➢ Orally administered vitamin K antagonist.

➢ Use involves the extrinsic pathway

➢ Used for prophylaxis to prevent thrombosis and 

embolism formation in many disorders

➢ Was originally developed as a rat poison, and 

is still widely used as such, although warfarin-

resistant rats are becoming more common



Warfarin

➢ Normally, vitamin K is converted to vitamin K 

epoxide in the liver. This epoxide is then 

reduced by the enzyme epoxide reductase. 

The reduced form of vitamin K epoxide is 

necessary for the synthesis of many 

coagulation factors including factors II, VII, IX, 

and X

➢ Warfarin can be reversed with vitamin K



Lab Tests for Warfarin

➢ Prothrombin time (PT):  Sensitive to three 

of the four vitamin K dependent clotting 

factors (factors II, VII, and X). Note: Some 

sources state that factors I and V are also 

included

➢ Normal PT is 11-14 seconds. PT greater 

than 3-4 seconds from the control rate is 

considered significant



Lab Tests for Warfarin

➢ One problem with PT is the fact that 

commercial PT reagents are different 

among different laboratories. As a result, a 

standard was developed

➢ International Normalized Ratio (INR): The 

standardized system that has been 

established to overcome the 

inconsistencies with PT



Direct Factor Xa Inhibitors

➢ Rivaroxaban (Xarelto), Apixaban (Eliquis), and 

Edoxaban (Savaysa)

➢ All are oral medications that directly inhibit factor 

Xa

➢ They both are approved for the reduction of risk 

of stroke and systemic embolism in non-valvular 

atrial fibrillation, prophylaxis of deep vein 

thrombosis following hip or knee replacement, 

treatment of DVT, treatment of pulmonary 

embolism, and reducing the risk of recurrence of 

DVT and PE



Direct Thrombin Inhibitors

➢ Work by suppressing platelet function and 

ultimately preventing clot formation

➢ Ximelagatran (Exanta):  

⚫ Used for prophylaxis of thromboembolism

⚫ Given orally and undergoes renal elimination

➢ Dabigatran (Pradaxa):

⚫ Orally administered direct thrombin inhibitor

⚫ Given for prevention of emboli for non-heart valve 

related atrial fibrillation



➢ Argatroban (Acova):  

⚫ Highly specific thrombin inhibitor

⚫ Also promotes nitric oxide release which in turn 

increases perfusion

⚫ Given IV and eliminated via hepatic metabolism

Direct Thrombin Inhibitors



Adenosine Diphosphate 

Inhibitors
➢ Adenosine diphosphate (ADP) inhibitors are 

used in the prevention of arterial thrombosis 

(Also known as P2Y12 inhibitors)

⚫ They are pro-drugs

⚫ They inhibit platelet aggregation by binding to 

P2Y12 receptors

➢ Clopidogrel (Plavix)

➢ Prasugrel (Effient)

➢ Ticlopidine (Ticlid)



Adenosine Diphosphate 

Analogues
These are allosteric antagonists that have a different binding site 

than ADP receptor antagonists 

➢ Ticagrelor (Brilinta)

• Approved for use in prevention of thrombotic events 

(CVA, MI) in people with acute coronary syndrome or 

myocardial infarction with ST elevation

➢ Cangrelor (Kengreal) – approved June of 2015

• Approved for acute IV use because of immediate effects 

and quick reversal, this drug is more useful for treatment 

of stenotic arteries

• Cessation of infusion results in rapid removal with 

complete platelet function restored in one hour



Aspirin

➢ ASA:  

➢ Is specifically classified as a platelet 

inhibitor

➢ Inhibits thromboxane A2 synthesis by 

interfering with the activity of COX1 and 

COX2 enzymes and the subsequent 

release of ADP by platelets  



Platelet Glycoprotein 

Antagonists
➢ Platelet Glycoprotein IIb/IIIa Antagonists work by 

competitively inhibiting fibrinogen receptors that 

are involved in platelet aggregation. They “cap” 

and block the fibrinogen receptors

➢ Used in the management of ischemic 

cardiovascular disease

➢ Includes the following:

⚫ Abciximab (Reopro)

⚫ Tirofiban (Aggrastat)

⚫ Eptifibatate (Integrilin)



Corticosteroids

➢ Corticosteroid agents inhibit 

phospholipase A2 (PLA2), and thus 

interfere with the synthesis of 

thromboxane A2

➢ They are known to increase the risk of GI 

bleeding, especially when given with 

NSAIDS



Thrombolytic drugs

➢ After a clot is formed and hemostasis is 

accomplished, the clot needs to be broken 

down as part of the healing process

➢ Plasminogen, the inactive form of plasmin, 

is synthesized in the liver, circulates in the 

blood, and is incorporated into a clot as 

the clot is formed



Thrombolytic drugs

➢ Tissue type plasminogen activator (tPA) 

and urokinase-type plasminogen activator 

(uPA) are two substances that normally 

convert plasminogen to its active form 

plasmin 

➢ Plasmin breaks down the fibrin clot 



Thrombolytic drugs

➢ Tissue-type plasminogen activator (tPA):

⚫ Produced by endothelial cells and released 
into the circulation

⚫ tPA release is stimulated by thrombin and 
venous stasis

⚫ tPA has a HIGH affinity for fibrin

⚫ Once bound to fibrin, conversion of the 
incorporated plasminogen to plasmin is 
started……leading ultimately to clot 
degradation



Thrombolytic drugs

➢ Urokinase-type plasminogen activator:

⚫ Very limited amounts in the circulation

⚫ Very LOW affinity for fibrin

⚫ Most widely used thrombolytic agent for intra-

arterial infusion into peripheral arterial system 

and grafts



Thrombolytic drugs

➢ Streptokinase:

⚫ Produced by β-hemolytic streptococci

⚫ Streptokinase has very LITTLE affinity for 

fibrin

⚫ IV dose: 1.5 million units (given over 1 hour)

⚫ Can cause allergic reactions since it is a 

bacterial product if a person has anti-

streptococcal antibodies from prior bacterial 

infections



Thrombolytic drugs

➢ Alteplase:

⚫ Fibrin specific thrombolytic drug

⚫ Ten times more expensive than streptokinase.

⚫ More effective in opening an infarct related 

artery

⚫ IV dose: 100mg (given over 3hrs)

⚫ It is the recommended treatment for stroke if 

the patient’s symptoms have an onset of less 

than three hours



Thrombolytic drugs

➢ Anistreplase:

⚫ Expensive like alteplase

⚫ Was developed in an effort to develop a 

longer acting thrombolytic

⚫ Main advantage is ease of administration.

⚫ Can be administered in a single IV injection.

⚫ IV dose:  30 units over 2-5 minutes



Procoagulants

➢ A procoagulant is an agent that promotes 

the coagulation of blood

➢ Many of these agents are commonly used 

in the perioperative setting to treat 

bleeding



Anti-fibrinolytic drugs

➢ These agents competitively inhibit the 

activation of plasminogen to plasmin.

➢ Agents in this class:

➢ Aminocaproic acid

➢ Transexamic acid

➢ Aprotinin



Topical Hemostatic drugs

➢ These agents are used intraoperatively to promote 

hemostasis at the site of vascular injury through 

various mechanisms. These include the following:

➢ Gelfoam

➢ Surgicel

➢ CoSeal

➢ Topically applied thrombin preparations

➢ Fibrin sealants, such as biologic glue and fibrin 

tissue adhesives



Review

➢ All procoagulants are in fresh frozen 

plasma (FFP) except platelets

➢ Cryoprecipitate contains factors VIII, I, and 

XIII

➢ One unit of PRB’s will increase HCT 3-4%

➢ 1cc/kg of PRBC’s will increase HCT 1%

➢ One unit of platelets will increase count 

5000-10000 per micro liter
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