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Fibrinogen

significantly increase the risk of venous thrombosis.
While homozygous protein C or protein S deficiencies are rare and may lead to fatal purpura fulminans, heterozygous deficiencies are associated with
a moderate risk of thrombosis. Activated protein C
impairs coagulation by proteolytic degradation of
FVa. Patients resistant to the activity of activated
protein C may have a point mutation in the FV
gene located on chromosome 1, a mutant denoted
factor V Leiden. Mildly increased risk has been
attributed to elevated levels of procoagulant factors,
as well as low levels of tissue factor pathway inhibitor. Polymorphisms of methylene tetrahydrofolate
reductase as well as hyperhomocysteinemia have
been shown to be independent risk factors for
venous thrombosis, as well as arterial vascular disease; however, many of the initial descriptions of
genetic variants and their associations with thromboembolism are being questioned in larger, more
current studies.

Fibrin

Oncology and Hematology

FIBRINOLYSIS AND THROMBOSIS
Specific abnormalities in the fibrinolytic system
have been associated with enhanced thrombosis.
Factors such as elevated levels of tissue plasminogen activator (tPA) and plasminogen activator
inhibitor type 1 (PAI-1) have been associated with
Figure 142-2 Summary of the coagulation pathways. Specific coagulation factors (“a”
decreased fibrinolytic activity and an increased
indicates activated form) are responsible for the conversion of soluble plasma fibrinogen
risk of arterial thrombotic disease. Specific genetic
into insoluble fibrin. This process occurs via a series of linked reactions in which the enzyvariants have been associated with decreased fibrimatically active product subsequently converts the downstream inactive protein into an
active serine protease. In addition, the activation of thrombin leads to stimulation of plate- nolytic activity, including the 4G/5G insertion/
deletion polymorphism in the (plasminogen actilets. HK, high-molecular-weight kininogen; PK, prekallikrein; TF, tissue factor.
vator type 1) PAI-1 gene. Additionally, the 311-bp
Alu insertion/deletion in tPA’s intron 8 has been
Several antithrombotic factors also regulate coagulation; these associated with enhanced thrombosis; however, genetic abnormalities
include antithrombin, tissue factor pathway inhibitor (TFPI), heparin have not been associated consistently with altered function or tPA levcofactor II, and protein C/protein S. Under normal conditions, these els, raising questions about the relevant pathophysiologic mechanism.
factors limit the production of thrombin to prevent the perpetuation Thrombin-activatable fibrinolysis inhibitor (TAFI) is a carboxypeptiof coagulation and thrombus formation. Typically, after the clot has dase that regulates fibrinolysis; elevated plasma TAFI levels have been
caused occlusion at the damaged site and begins to expand toward associated with an increased risk of both DVT and cardiovascular
adjacent uninjured vessel segments, the anticoagulant reactions gov- disease.
The metabolic syndrome also is accompanied by altered fibrinoerned by the normal endothelium become pivotal in limiting the extent
lytic activity. This syndrome, which comprises abdominal fat (cenof this hemostatically protective clot.
tral obesity), altered glucose and insulin metabolism, dyslipidemia,
and hypertension, has been associated with atherothrombosis. The
RISK FACTORS FOR VENOUS THROMBOSIS
mechanism for enhanced thrombosis appears to be due both to altered
The risk factors for venous thrombosis are primarily related to hyperplatelet function and to a procoagulant and hypofibrinolytic state.
coagulability, which can be genetic (Table 142-1) or acquired, or due
One of the most frequently documented prothrombotic abnormalities
to immobilization and venous stasis. Independent predictors for recurreported in this syndrome is an increase in plasma levels of PAI-1.
rence include increasing age, obesity, malignant neoplasm, and acute
In addition to contributing to platelet function, inflammation plays
extremity paresis. It is estimated that 5–8% of the U.S. population has
a role in both coagulation-dependent thrombus formation and throma genetic risk factor known to predispose to venous thrombosis. Often,
bus resolution. Both polymorphonuclear neutrophils and monocytes/
multiple risk factors are present in a single individual. Significant risk
macrophages contribute to multiple overlapping thrombotic funcis incurred by major orthopedic, abdominal, or neurologic surgeries.
tions, including fibrinolysis, chemokine and cytokine production, and
Moderate risk is promoted by prolonged bedrest; certain types of canphagocytosis.
cer, pregnancy, hormone replacement therapy, or oral contraceptive
use; and other sedentary conditions such as long-distance plane travel.
It has been reported that the risk of developing a venous thromboem- THE DISTINCTION BETWEEN ARTERIAL AND VENOUS
bolic event doubles after air travel lasting 4 h, although the absolute THROMBOSIS
risk remains low (1 in 6000). The relative risk of venous thromboemAlthough there is overlap, venous thrombosis and arterial thrombosis
bolism among pregnant or postpartum women is 4.3, and the overall
are initiated differently, and clot formation progresses by somewhat
incidence (absolute risk) is 199.7 per 100,000 woman-years.
distinct pathways. In the setting of stasis or states of hypercoagulability,
venous thrombosis is activated with the initiation of the coagulation
GENETICS OF VENOUS THROMBOSIS
cascade primarily due to exposure of tissue factor; this leads to the
(See Table 142-2) Less common causes of venous thrombosis are formation of thrombin and the subsequent conversion of fibrinogen to
those due to genetic variants. These abnormalities include loss-of- fibrin. In the artery, thrombin formation also occurs, but thrombosis
function mutations of endogenous anticoagulants as well as gain- is primarily promoted by the adhesion of platelets to an injured vessel
of-function mutations of procoagulant proteins. Heterozygous anti- and stimulated by exposed extracellular matrix (Figs. 142-1 and 142-2).
thrombin deficiency and homozygosity of the factor V Leiden mutation There is wide variation in individual responses to vascular injury, an
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