Table 142-1 Heritable Causes of Arterial and Venous Thrombosis

Table 142-3 Acquired Causes of Venous Thrombosis

A. Arterial Thrombosis
Platelet Receptors
β3 and α2 integrins
Pl A2 polymorphism
Fc(gamma)RIIA
GPIV T13254C polymorphism
GPIb

Surgery
Neurosurgery
Major abdominal surgery
Malignancy
Antiphospholipid syndrome
Other
Trauma
Pregnancy
Long-haul travel
Obesity
Oral contraceptives/hormone replacement
Myeloproliferative disorders
Polycythemia vera

Thrombin receptor PAR1-5061 → D
Redox Enzymes
Plasma glutathione peroxidase
H2 promoter haplotype
Endothelial nitric oxide synthase
−786T/C, −922A/G, −1468T/A
Paraoxonase
−107T allele, 192R allele
Homocysteine
5,10-Methylene tetrahydrofolate reductase (MTHFR) 677C → T
B. Venous Thrombosis
Procoagulant Proteins
Fibrinogen
−455G/A, –854G/A
Prothrombin (20210G → A)
Protein C Anticoagulant Pathway
Factor V Leiden: 1691G → A (Arg506Gln)
Thrombomodulin 1481C → T (Ala455Val)
Fibrinolytic Proteins with Known Polymorphisms
Tissue plasminogen activator (tPA)
7351C/T, 20 099T/C in exon 6, 27 445T/A in intron 10
Plasminogen activator inhibitor (PAI-1)
4G/5G insertion/deletion polymorphism at position –675
Homocysteine
Cystathionine β-synthase 833T → C
5,10-MTHFR 677C → T

accounts for 5–12% of the variability in ADP-induced platelet aggregation on clopidogrel. In addition, genetic variables do not appear to
significantly contribute to the clinical outcomes of patients treated
with the P2Y12 receptor antagonists prasugrel or ticagrelor.

VENOUS THROMBOSIS
OVERVIEW OF VENOUS THROMBOSIS
Coagulation is the process by which thrombin is activated and
soluble plasma fibrinogen is converted into insoluble fibrin. These
steps account for both normal hemostasis and the pathophysiologic
processes influencing the development of venous thrombosis. The
primary forms of venous thrombosis are deep vein thrombosis (DVT)
Table 142-2 Genetic Variation and Pharmacogenetic Responses to
Platelet Inhibitors
Potential Gene
Altered
P2Y1 and P2Y12
CYP2C19, CYP3A4,
CYP3A5
COX1, COX2
PlA1/A2
INTB3, GPIbA
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Target Therapeutic
Class
ADP receptor inhibitors

Cyclooxygenase
inhibitors
Receptor inhibitors
Glycoprotein IIb-IIIa
receptor inhibitors

Specific Drug
Clopidogrel, prasugrel

Aspirin
Abciximab, eptifibatide,
tirofiban

in the extremities and the subsequent embolization to the lungs (pulmonary embolism), referred to together as venous thromboembolic
disease. Venous thrombosis occurs due to heritable causes (Table
142-1 B) and acquired causes (Table 142-3).
DEEP VENOUS THROMBOSIS AND PULMONARY EMBOLISM
More than 200,000 new cases of venous thromboembolism occur
each year. Of these cases, up to 30% of patients die within 30 days and
one-fifth suffer sudden death due to pulmonary embolism; 30% go on
to develop recurrent venous thromboembolism within 10 years. Data
from the Atherosclerosis Risk in Communities (ARIC) study reported
a 9% 28-day fatality rate from DVT and a 15% fatality rate from pulmonary embolism. Pulmonary embolism in the setting of cancer has
a 25% fatality rate. The mean incidence of first DVT in the general
population is 5 per 10,000 person-years; the incidence is similar in
males and females when adjusting for factors related to reproduction
and birth control and increases dramatically with age from 2 to 3 per
10,000 person-years at 30–49 years of age to 20 at 70–79 years of age.
OVERVIEW OF THE COAGULATION CASCADE AND ITS ROLE IN VENOUS
THROMBOSIS
Coagulation is defined as the formation of fibrin by a series of linked
enzymatic reactions in which each reaction product converts the subsequent inactive zymogen into an active serine protease (Fig. 142-2).
This coordinated sequence is called the coagulation cascade and is
a key mechanism for regulating hemostasis. Central to the function
of the coagulation cascade is the principle of amplification: due to a
series of linked enzymatic reactions, a small stimulus can lead to much
greater quantities of fibrin, the end product that prevents hemorrhage
at the site of vascular injury. In addition to the known risk factors
relevant to hypercoagulopathy, stasis, and vascular dysfunction, newer
areas of research have identified contributions from procoagulant
microparticles, inflammatory cells, microvesicles, and fibrin structure.
The coagulation cascade is primarily initiated by vascular injury
exposing tissue factor to blood components (Fig. 142-2). Tissue factor may also be found in bloodborne cell-derived microparticles and,
under pathophysiologic conditions, in leukocytes or platelets. Plasma
factor VII (FVII) is the ligand for and is activated (FVIIa) by binding to
tissue factor exposed at the site of vessel damage. The binding of FVII/
VIIa to tissue factor activates the downstream conversion of factor X
(FX) to active FX (FXa). In an alternative reaction, the FVII/FVIIa–tissue factor complex initially converts FIX to FIXa, which then activates
FX in conjunction with its cofactor factor VIII (FVIIIa). Factor Xa
with its cofactor FVa converts prothrombin to thrombin, which then
converts soluble plasma fibrinogen to insoluble fibrin, leading to clot
or thrombus formation. Thrombin also activates FXIII to FXIIIa, a
transglutaminase that covalently cross-links and stabilizes the fibrin
clot. Formation of thrombi is affected by mechanisms governing fibrin
structure and stability including specific fibrinogen variants and how
they alter fibrin formation, strength and structure.
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