important determinant of which is the predisposition an individual
has to arterial or venous thrombosis. This concept has been supported
indirectly in prothrombotic animal models in which there is poor
correlation between the propensity to develop venous versus arterial
thrombosis.

Despite considerable progress in understanding the role of hyper-
coagulable states in venous thromboembolic disease, the contribution
of hypercoagulability to arterial vascular disease is much less well
understood. Although specific thrombophilic conditions, such as fac-
tor V Leiden and the prothrombin G20210A mutation, are risk factors
for DVT, pulmonary embolism, and other venous thromboembolic
events, their contribution to arterial thrombosis is less well defined.
In fact, to the contrary, many of these thrombophilic factors have not
been found to be clinically important risk factors for arterial throm-
botic events, such as acute coronary syndromes.

Clinically, although the pathophysiology is distinct, arterial and
venous thrombosis do share common risk factors, including age, obe-
sity, cigarette smoking, diabetes mellitus, arterial hypertension, hyper-
lipidemia, and metabolic syndrome. Select genetic variants, including
those of the glutathione peroxidase gene, have also been associated
with arterial and venous thrombo-occlusive disease. Importantly,
arterial and venous thrombosis may both be triggered by pathophysi-
ologic stimuli responsible for activating inflammatory and oxidative
pathways.

The diagnosis and treatment of ischemic heart disease are dis-
cussed in Chap. 293. Stroke diagnosis and management are dis-
cussed in Chap. 330. The diagnosis and management of DVT and
pulmonary embolus are discussed in Chap. 300.

Antiplatelet, Anticoagulant, and
Fibrinolytic Drugs
Jeffrey I. Weitz
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Thromboembolic disorders are major causes of morbidity and mortal-
ity. Thrombosis can occur in arteries or veins. Arterial thrombosis is
the most common cause of acute myocardial infarction (MI), ischemic
stroke, and limb gangrene. Venous thromboembolism encompasses
deep vein thrombosis (DVT), which can lead to postthrombotic syn-
drome, and pulmonary embolism (PE), which can be fatal or can result
in chronic thromboembolic pulmonary hypertension.

Most arterial thrombi are superimposed on disrupted atheroscle-
rotic plaque because plaque rupture exposes thrombogenic material
in the plaque core to the blood. This material then triggers platelet
aggregation and fibrin formation, which results in the generation of
a platelet-rich thrombus that can temporarily or permanently occlude
blood flow. In contrast, venous thrombi rarely form at sites of obvious
vascular disruption. Although they can develop after surgical trauma
to veins or secondary to indwelling venous catheters, venous thrombi
usually originate in the valve cusps of the deep veins of the calf or in the
muscular sinuses. Sluggish blood flow reduces the oxygen supply to the
avascular valve cusps. Endothelial cells lining these valve cusps become
activated and express adhesion molecules on their surface. Tissue
factor-bearing leukocytes and microparticles adhere to these activated
cells and induce coagulation. DNA extruded from neutrophils forms
neutrophil extracelluar traps (NETs) that provide a scaffold that
traps red blood cells, promotes platelet adhesion and activation, and
augments coagulation. Local thrombus formation is exacerbated by
reduced clearance of activated clotting factors as a result of impaired
blood flow. If the thrombi extend from the calf veins into the popliteal
and more proximal veins of the leg, thrombus fragments can dislodge,
travel to the lungs, and produce a PE.

Arterial and venous thrombi are composed of platelets, fibrin, and
trapped red blood cells, but the proportions differ. Arterial thrombi
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FIGURE143-1 Classification of antithrombotic drugs.

are rich in platelets because of the high shear in the injured arteries.
In contrast, venous thrombi, which form under low shear conditions,
contain relatively few platelets and are predominantly composed of
fibrin and trapped red cells. Because of the predominance of platelets,
arterial thrombi appear white, whereas venous thrombi are red in
color, reflecting the trapped red cells.

Antithrombotic drugs are used for prevention and treatment of
thrombosis. Targeting the components of thrombi, these agents
include (1) antiplatelet drugs, (2) anticoagulants, and (3) fibrinolytic
agents (Fig. 143-1). With the predominance of platelets in arterial
thrombi, strategies to attenuate arterial thrombosis focus mainly on
antiplatelet agents, although, in the acute setting, often include anti-
coagulants and fibrinolytic agents. Anticoagulants are the mainstay
of prevention and treatment of venous thromboembolism because
fibrin is the predominant component of venous thrombi. Antiplatelet
drugs are less effective than anticoagulants in this setting because of
the limited platelet content of venous thrombi. Fibrinolytic therapy is
used in selected patients with venous thromboembolism. For example,
patients with massive or submassive PE can benefit from systemic or
catheter-directed fibrinolytic therapy. Pharmaco-mechanical therapy
also is used to restore blood flow in patients with extensive DVT
involving the iliac and/or femoral veins.

ANTIPLATELET DRUGS

ROLE OF PLATELETS IN ARTERIAL THROMBOSIS

In healthy vasculature, circulating platelets are maintained in an inac-
tive state by nitric oxide (NO) and prostacyclin released by endothelial
cells lining the blood vessels. In addition, endothelial cells also express
CD39 on their surface, a membrane-associated ecto-adenosine diphos-
phatase (ADPase) that degrades ADP released from activated platelets.
When the vessel wall is damaged, release of these substances is impaired
and subendothelial matrix is exposed. Platelets adhere to exposed col-
lagen via a3, and glycoprotein (Gp) V1 and to von Willebrand factor
(VWE) via Gp Iba and Gp IIb/IIIa (ay, B,)—receptors that are consti-
tutively expressed on the platelet surface. Adherent platelets undergo
a change in shape, secrete ADP from their dense granules, and synthe-
size and release thromboxane A, Released ADP and thromboxane A,
which are platelet agonists, activate ambient platelets and recruit them
to the site of vascular injury (Fig. 143-2).

Disruption of the vessel wall also exposes tissue factor-expressing
cells to the blood. Tissue factor binds factor VIIa and initiates coagula-
tion. Activated platelets potentiate coagulation by providing a surface
that binds clotting factors and supports the assembly of activation
complexes that enhance thrombin generation. In addition to convert-
ing fibrinogen to fibrin, thrombin serves as a potent platelet agonist
and recruits more platelets to the site of vascular injury. Thrombin also
amplifies its own generation by feedback activation of factors V, VIII,
and XI and solidifies the fibrin network by activating factor XIII, which
then cross-links the fibrin strands.

When platelets are activated, Gp IIb/IIIa, the most abundant recep-
tor on the platelet surface, undergoes a conformational change that
enables it to bind fibrinogen and, under high shear conditions, VWF.
Divalent fibrinogen or multivalent VWF molecules bridge adjacent
platelets together to form platelet aggregates. Fibrin strands, generated
through the action of thrombin, then weave these aggregates together
to form a platelet/fibrin mesh.

Antiplatelet drugs target various steps in this process. The com-
monly used drugs include aspirin, ADP receptor inhibitors, which
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