Chapter 50 Normal Hemostasis
constitutively released by ECs into the microvasculature. Under
normal conditions, TFPI is largely localized to the endothelial
surface by binding to EC-associated glycosaminoglycans, but it
can be displaced by heparin. Nascent TFPI has direct activity
only against Xa, but after exposure to Xa, TFPI acquires activity
against the TF-VIIa complex. During the initiation phase, plateletbound Xa is protected from inactivation by both TFPI and AT.
Preservation of the small amounts of Xa that are generated during
this early stage of coagulation is critical to formation of the nanomolar amounts of thrombin needed to begin the propagation
phase of clotting.
Activated protein C (APC) has anticoagulant, antiinflammatory, and profibrinolytic properties that make it an
important regulator of both thrombosis and inflammation. Like
TFPI, protein C becomes activated only after coagulation is
underway. Formed thrombin binds to thrombomodulin, a proteoglycan associated with endothelial and monocyte cell surfaces. Thrombomodulin-bound thrombin loses its ability to
activate platelets and instead activates protein C. On the EC
surface, nascent protein C binds to endothelial cell protein C
receptor (EPCR), which positions it for activation by the adjacent thrombomodulin-bound thrombin. In a reaction that is
enhanced by EPCR and protein S, APC inactivates factors VIIIa
and Va, (components of the Xase and prothrombinase complexes, respectively), thereby limiting procoagulant selfamplification (Fig. 50-4). As with other coagulation factors, the
activated platelet membrane protects VIIIa and Va from APC
inactivation. In addition to its effects on thrombin generation,
APC neutralizes plasminogen activator inhibitor-1 (PAI-1) to
enhance clot remodeling. APC has anti-inflammatory properties
as well; recombinant APC reduces production of tumor necrosis
factor-α after endotoxin challenge, and protein C–deficient mice
(heterozygotes) exhibit higher levels of proinflammatory cytokines with systemic endotoxemia.
The liver is the major site of synthesis of all coagulation factors.
Factor VIII levels are not usually diminished in liver disease
because VIII is also produced by EC and the reticuloendothelial
system. The subset of coagulation factors that depend on vitamin
K for synthesis include prothrombin (II), VII, IX, and X and the
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anticoagulants, protein C and protein S. Post-translational modification (through a vitamin K–dependent carboxylase) of the
amino-terminal domain of these proteins adds 10 to 12
γ-carboxyglutamate residues; these residues are critical for
calcium binding and for determining the functional threedimensional structure of the proteins and their proper orientation for binding to membrane surfaces. Warfarin blocks vitamin
K epoxide reductase and thereby decreases generation of vitamin
K (from vitamin K epoxide) in the vitamin K cycle.

CLOT VIABILITY AND MATURATION
Evidence is growing that initial formation of a thrombus does not
ensure sustained hemostasis. Events initiated during generation
of both fibrin-rich clots in the venous circulation and platelet-rich
clots in the arterial circulation that are critical to clot stability
operate after the clot is formed.

Fibrin Clot Architecture
The architecture of a fibrin clot is surprisingly variable. Although
genetic factors unquestionably play a role in determining clot
structure, two dominant factors are the local concentrations of
thrombin and fibrinogen, whose reactions yield the fibrin strands.
A thrombin-rich microenvironment typically results in thinner,
more tightly cross-linked fibers, making the overall fibrin clot
virtually impermeable to lytic enzymes. In thrombin-poor locations, the fibrin strands are thicker and the structure is more
porous, making the clot vulnerable to thrombolysis. Similarly,
high fibrinogen concentrations are associated with large thrombi
whose tight, rigid meshwork makes them less deformable and
more resistant to lysis. Low fibrinogen concentrations produce a
less compact clot that is highly lysis prone.

Fibrin Cross-Linking by Factor XIIIa
Factor XIII also plays a critical role in stabilization of the forming
clot. Factor XIII circulates in the plasma and is also stored within
platelets; indeed, fully 50% of the total fibrin-stabilizing activity
in blood resides in the platelet and is released by activation. In
plasma, factor XIII is a tetrameric molecule consisting of two α
subunits, which contain the active site of the enzyme, and two β
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FIGURE 50-4 Balanced fibrinolysis limits the platelet-fibrin clot. The platelet plug and fibrin matrices are strengthened by incorporation of factor
XIIIa into the fibrin clot. Factor XIIIa also binds α2-antiplasmin to the clot to protect it from plasmin-mediated fibrinolysis. At the same time, nearby
intact endothelial cells (ECs) secrete tissue plasminogen activator (t-PA). t-PA that evades plasminogen activator inhibitor-1 (PAI-1) converts clotbound plasminogen to plasmin and leads to fibrin clot degradation and release of soluble fibrin peptides and D-dimer. Therefore, detection of circulating D-dimer usually indicates active fibrinolysis.

