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Objective:  The reader will be able to discuss the alterations of hemostatic
parameters associated with the development of arterial thrombosis.

INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION
Thrombus development represents a

complex interaction between the blood
vessel wall, coagulation proteins, and plate-
lets.  Thrombosis is a frequent event that
can develop  in  either  the arterial or
venous circulation.  Arterial thrombosis, in
fact, is the most common cause of death in
North America as it is the etiology of most
acute myocardial  infarctions (MI) and ce-
rebral vascular accidents.  These entities
represent the two most common forms of
cardiovascular disease.  Venous throm-
boembolic disease is the third most com-
mon  form of cardiovascular disease in
North America and typically presents as
deep venous  thrombosis  and  pulmonary
embolus.
PATHOPHYSIOLOGYPATHOPHYSIOLOGYPATHOPHYSIOLOGYPATHOPHYSIOLOGYPATHOPHYSIOLOGY

There are significant differences in
the pathology of blood clots between the
venous and arterial systems.  The venous
circulation is a low flow, low pressure
system.  Clots that develop in the venous
system are generally relatively large in size
and are composed predominantly of fibrin
enmeshed with cellular components.  Sta-
sis and changes in blood composition that
induce hypercoagulability, such as the fac-

tor V Leiden polymorphism and antithrom-
bin deficiency represent the most impor-
tant contributors to clot formation in the
venous system. Venous thrombosis may
in fact, occur spontaneously in individuals
with genetic abnormalities associated with
hypercoagulability.

Conversely, the arterial system is a
high flow, high pressure system.  Platelets
are a vital component of arterial thrombi
but development of occlusive thrombi is
also dependent on activation of the co-
agulation system. Occlusive clots in the
arterial system are relatively rich in fibrin.
Unlike the venous system, arterial throm-
bosis typically occurs in a setting of an
underlying vascular abnormality, most
commonly atherosclerotic vascular dis-
ease (ASVD).  In the arterial circulation,
vascular injury is the most frequent cause
of  clot development  and thrombosis
typically occurs in a setting of atheroma-
tous plaque rupture or endothelial cell
damage.
CONTRIBUTING FACTORSCONTRIBUTING FACTORSCONTRIBUTING FACTORSCONTRIBUTING FACTORSCONTRIBUTING FACTORS

The development of atherosclerotic
vascular disease and associated arterial
thrombosis is a complex, multi-genic dis-
order.  Arterial thrombosis in the setting of
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atherosclerosis is the culmination of
interactions between gene-gene,
gene-environment, and environment-
environment influences where both
genetic and acquired risk factors inter-
act in an additive or synergistic manner.
Well-established environmental and
genetic risk factors for the develop-
ment of arterial vascular disease in-
clude hyperlipidemia, obesity, cigarette
smoking, diabetes mellitus, hyperten-
sion, hyperhomocysteinemia, and a
positive family history of arterial vascu-
lar disease.  Approximately 30% of arte-
rial thrombotic events, however, occur
in the absence of these traditional car-
diovascular risk factors, suggesting the
presence of additional, and to-date un-
defined, risk factors for the develop-
ment of arterial thrombosis.

The multifactorial basis of arterial
disease and the interactions among risk
factors makes evaluation of underlying
isolated genetic abnormalities a formi-
dable task.  Further compounding this
issue is the observation that  presence
of an  isolated polymorphism of a par-
ticular protein has little overall effect on
its plasma levels, varying concentration
by only about 5%. Therefore the effect
of a single polymorphism may be diffi-
cult if not impossible to discern in isola-
tion.  According to Merlini and
Ardissimo, the effect of any single ge-
netic risk factor on arterial thrombosis is
likely to be modest (a relative risk of 1.2
or 1.5).  The effect of a single genetic
risk factor, therefore may be overshad-
owed by the presence of more classic,
(life style or environmental), risk fac-
tors.  Furthermore, the overall risk asso-
ciated with a single genetic abnormal-
ity is likely dependent on its interaction
with other genetic risk factors or envi-
ronmental factors that may be present
and in fact, the interaction of these
multiple risk factors may be necessary
for disease expression.  For example,
risk associated with a specific polymor-
phism may be expressed only in the
presence of significant underlying vas-
cular disease or only in the presence of
other polymorphisms.  It may be more
informative therefore to study the im-
pact of multiple genetic risk factors on
a cohort although this greatly compli-
cates the establishment of an appropri-
ate and well controlled study group.
Given the complex, muti-genic basis of
arterial disease and the interaction of

environmental and genetic factors, it is
difficult to conduct controlled studies
that account for all of the necessary
variables such as; an adequate number
of individuals studied, the ethnicity of
the cohort, the prevalence of underly-
ing vascular disease, the type of risk
factors present, and the frequency of
the allele being evaluated.  Sample size
is critical in properly assigning risk asso-
ciated with a specific genetic factor and
the sample size needed is largely de-
pendent on the frequency of the allele
being investigated.  Many published
studies are contradictory regarding the
relative risk of the various risk factors
described and the relationship between
genetic risk factors of the hemostatic
system and arterial thrombosis is not
clear-cut.

In the evaluation of hemostatic
factors and arterial thrombotic risk, in-
vestigators have focused on the various
components of the hemostatic system
including blood coagulation factors, co-
agulation inhibitors, fibrinolytic pro-
teins, and platelet membrane recep-
tors.  This article will briefly review
hemostatic risk factors in the develop-
ment of arterial thrombosis.

The relationship of well-estab-
lished risk factors for venous throm-
botic disease, such as deficiencies of
the naturally occurring anticoagulants
(antithrombin, protein C and protein S)
and polymorphisms in coagulation fac-
tors (Factor V Leiden, prothrombin
G20210A), to the risk of developing
arterial thrombosis has been exten-
sively investigated.  It is generally agreed
that the relationship among venous risk
factors and arterial thrombosis is not
obvious.  Studies suggest that the
venous thrombophilic factors are not
major risk factors for arterial thrombosis
but may play a role in certain patient
subgroups.  For example, factor V Leiden
and prothrombin G20210A polymor-
phisms do not confer an increased risk
of arterial disease unless there are ad-
ditional underlying arterial risk factors
such as cigarette smoking. The well-
established risk factors for venous
thrombosis however, may contribute
to arterial disease that develops in cer-
tain subgroups such as children with
arterial stroke or pre-menopausal
women who suffer MI.

There are very few well-estab-
lished risk factors that are associated
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with an increased risk of both venous
and arterial thrombotic disease.   These
factors include protein-phospholipid
complex antibodies (anti-phospholipid
antibodies), rare cases of dysfibrino-
genemia, and hyperhomocysteinemia.

Antibodies to protein-phospholipid
complexes (lupus anticoagulants and
antiphospholipid or anticardiolipin anti-
bodies) are an important risk factor for
the development of arterial thrombotic
disease.  Lupus anticoagulants are anti-
bodies that interfere with phospholipid
dependent coagulation assays and can
be detected using a variety of tests such
as the activated partial thromboplastin
time, dilute Russell’s viper venom time,
and kaolin clotting time.  Confirmatory
assays typically include addition of ex-
cess phospholipid to neutralize the an-
tibody.  ELISA based assays can be used
to detect protein phospholipid com-
plexes and include the following assays;
anticardiolipin antibody, anti-phosphati-
dyl serine, anti-prothrombin, anti-
annexin V, and anti B2 Glycoprotein1.
Antibodies to protein phospholipid com-
plexes are common with an incidence
of 1% to 2 % in the general population.
Antibodies that are persistently elevated
over at least a 6 to 8 week time period
are more clinically significant than tran-
sient antibodies that may occur, for ex-

ample, secondary to infec-
tion.  Persistent
antiphospholipid antibodies
are an important cause of MI
and stroke, particularly when
arterial thrombosis occurs at
a young age or in  individuals
without evidence of tradi-
tional cardiovascular risk fac-
tors.  Antiphospholipid anti-
bodies can be seen in 7%

to10% of unselected stroke patients
and this association is greater in young
adults and children.  These antibodies
have also been reported in up to 20% of
individuals suffering MI who are less
than 45 years of age.

Elevated fibrinogen activity levels
(in the highest tertile) are associated
with a two fold increased risk of myocar-
dial infarction in both healthy and high
risk individuals. This increased risk is
independent of other well known risk
factors.  Fibrinogen levels elevate as an
acute phase response.  Levels likely also
have a genetic basis in part and may be
related to polymorphisms such as BclI,
Thr313Ala, and 455G/A.  Increased fi-
brinogen concentration may contrib-
ute to thrombotic risk by increasing
blood viscocity, increasing fibrin forma-
tion, and enhancing platelet aggrega-
tion. In a recent trial, the administration
of Benzafibrate, an agent that lowers
fibrinogen levels and alters lipid pro-
files, was not associated with a reduc-
tion in the incidence of arterial throm-
botic events.  A direct cause-and-effect
relationship between fibrinogen levels
and arterial thrombotic disorders is
therefore suspect.

Certain forms of dysfibrino-
genemia may be a rare cause of arterial
thrombosis.  Arterial thrombosis can

occur when the
abnormal fi-
brinogen mol-
ecule is con-
verted to fibrin
clot that is rela-
tively resistant
to plasmin deg-
r a d a t i o n .
D y s f i b r i n o -
genemia is sus-
pected in the
presence of an
elevated throm-
bin clotting time
and reptilase

time.  It is usually associated with nor-
mal or slightly decreased fibrinogen
antigen levels and decreased fibrino-
gen activity.

Increased concentrations of Factor
VIII and von Willebrand factor antigen
are associated with an increased risk of
arterial thrombotic events.  Both pro-
teins are acute phase reactants.  Be-
cause these proteins circulate as a com-
plex, levels generally correlate with one
another.  Although sustained elevations
may have a genetic basis, factor VIII or
von Willebrand gene polymorphisms
that  increase risk for arterial disease
have not been described. The basis for
increased clot development in patients
with elevated concentrations of factor
VIII is thought to be due to increase
activation of thrombin activatable fi-
brinolysis inhibitor (TAFI) which leads to
enhanced clot stability through dimin-
ished plasmin generation.  Elevations of
von Willebrand protein may induce
thrombosis by enhancing the binding
of platelets to the vasculature or possi-
bly to each other.

In the Northwick Park Heart Study,
elevations of factor VII activity were
strongly associated with an increased
risk of coronary events.  This finding has
not been supported in other studies
and factor VII levels have not been iden-
tified as an independent risk factor for
arterial disease.  Variations in assay meth-
odology and reagent sensitivity may be
one reason for discrepancies in study
results.  To date, five polymorphisms in
the factor VII gene associated with in-
creased factor VII levels have been iden-
tified, but the relationship between
these polymorphisms and arterial risk is
unclear at this time.

Factor XIII functions as a trans-
glutaminase and acts to covalently
cross-link  fibrin therefore stabilizing
the fibrin clot.  A polymorphism of the
factor XIII gene, specifically val34leu, is
reported to have a protective effect
against the development of arterial
events including myocardial infarction
and stroke.  This effect is paradoxical as
the val34leu polymorphism enhances
the transglutaminase activity of factor
XIII, promoting clot stability and is  asso-
ciated with higher  than normal  levels
of plasminogen activator inhibitor-1
(PAI-1).

Increased plasma concentrations
of PAI-1 are consistently associated with
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TABLE 1.   TABLE 1.   TABLE 1.   TABLE 1.   TABLE 1.   Well-established Risk Factors
Associated with Both Venous and Arterial
Thrombotic Disease.

TABLE 2.   TABLE 2.   TABLE 2.   TABLE 2.   TABLE 2.   Well-established Risk Factors Associated with
Venous Thrombotic Disease.

� Hyperhomocysteinemia
� Dysfibrinogenemia
� Anti-phospholipid Antibodies
� Lupus Anticoagulant

� Antithrombin Deficiency
� Protein C Deficiency
� Protein S Deficiency
� Activated Protein C Resistance
� Factor V Leiden
� Prothrombin G20210A
� Hyperhomocysteinemia
� Anti-phospholipid Antibodies
� Dysfibrinogenemia



an increased risk of arterial disease in-
cluding myocardial infarction and un-
stable angina.  Elevated PAI-1 levels
cause a decreased half life of tissue
plasminogen activator (tPA) and there-
fore decreased potential for clot lysis.
Elevations of PAI-1 can be in part geneti-
cally based although environmental fac-
tors such as insulin resistance and
hypertriglyceridemia likely have a
greater influence on PAI-1 levels.

The 4G insertion polymorphism of
the PAI-1 gene is associated with in-
creased PAI-1 levels due to increased
mRNA.  Although controversial, a meta-
analysis suggests that the 4G allele is
associated with a mild increased risk for
cardiovascular events compared to the
wild type (5G/5G). Studies have shown
that subjects who are homozygous for
the 4G allele have plasma PAI-1 con-
centrations approximately 25% higher
than those with the 5G allele. Similarly,
among patients with hypertri-
glyceridemia, those with the 4G allele

also have
h i g h e r
p l a s m a
P A I - 1
concen-
trat ions
t h a n
t h o s e
with the
5G allele.
There is
still con-
f l i c t i n g
data on
t h e
strength
of the re-
lation be-
t w e e n
P A I - 1
g e n e
polymor-
p h i s m
and MI,
but it is
s u g -
g e s t e d
that the
4G allele
is more
likely to
contrib-
ute to MI,
part icu-
larly in the

presence of hypertriglyceridemia.
Elevated lipoprotein a [Lp(a)] lev-

els are associated with a risk of future
arterial events.  Lp(a) is composed of
LDL particles linked to an apoprotein.
This apoprotein is structurally similar to
plasminogen and inhibits plasminogen
binding to fibrin thereby inhibiting fi-
brinolysis. Oxidized Lp(a) may promote
cholesterol deposition in the vessel wall
enhancing the development of athero-
sclerotic vascular disease.  Levels of
Lp(a) are determined largely by genetic
factors with little impact secondary to
dietary modifications, lipid lowering
drugs, and physical activity.  Lp(a) levels
increase following an acute arterial
event and it is not known whether el-
evated Lp(a) levels are causative of ar-
terial thrombosis or whether they rep-
resent a consequence of cardiovascular
disease.  Studies suggest that overall,
effect of Lp(a) is probably small and
evident only in that subgroup with the
highest Lp(a) levels.

Homocysteine is a precursor for
the sulphur containing amino acid me-
thionine.  Levels can be increased in
individuals with specific enzyme defi-
ciencies or polymorphisms, with cer-
tain vitamin deficiencies, with renal fail-
ure, and as an effect of certain medica-
tions.  Levels may also increase follow-
ing acute arterial thrombosis making
evaluation of the relationship with arte-
rial disease difficult.  Prospective stud-
ies investigating the risk of arterial
thrombosis and homocysteine levels
are inconsistent.  Further studies to evalu-
ate the effect of plasma homocysteine
as well as the common polymorphisms
that can contribute to increased ho-
mocysteine levels are needed.

Polymorphisms in the tissue factor
pathway inhibitor gene, thrombo-
modulin, and epithelial protein C re-
ceptor genes may potentially confer
increased risk for arterial disease.  Stud-
ies to date are limited with inconsistent
results and further investigation of these
polymorphisms is needed.

Because platelets play an impor-
tant part in arterial thrombosis it is im-
portant to consider the role adhesion
molecule of the platelet surface play in
increasing arterial risk.  There are a num-
ber of glycoproteins on the surface of
the platelet that function to bind pro-
teins that either cause platelets to ad-
here to the site of vascular injury or
aggregate to one another.  Platelet
membrane glycoproteins are highly
polymorphic and  allelic variations of
the two major membrane adhesive re-
ceptors (GPIIb-IIa and GPIb-IX) are the
most commonly found.

One of the best-studied platelet
glycoprotein polymorphisms is the PlA1

which is expressed on glycoprotein IIb/
IIIa.  This is the receptor involved in
fibrinogen binding and platelet aggre-
gation.  A common polymorphism, seen
in up to 15% of Caucasians and in 25%
of individuals with Northern European
heritage, is associated with a proline
substitution for leucine at position 33
which is called PlA2 or HPA-2.  It was
initially reported  that  this polymor-
phism is associated with a 2 to 3 fold
increased risk of myocardial infarction
and this risk increases to 6 fold in those
less than 60 years of age.  Since the
initial study was reported, a number of
papers have been  published  which
both support  and refute the association
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TABLE 1.   TABLE 1.   TABLE 1.   TABLE 1.   TABLE 1.   Well-established Risk Factors Associated with
Arterial Thrombotic Disease.

� Increased Fibrinogen Activity
Fibrinogen ß chain Bc/I
Fibrinogenß chain -455G/A
Fibrinogen a Thr313AIa

� Increased Factor VII/von Willebrand Factor
              Complex Activity
� Increased Factor VII Activity

Factor VII HVR4
Factor VII -402G/A
Factor VII -401G/T
Factor VII -323 0/10

� Factor XIII Val34Leu
� Increased Plasminogen Activator Inhibitor-1

PAI-1 -675 4G/5G
� Increased Lipoprotein (a)
� Increased Homocysteine

MTHFR C677T
MTHFR A1298C

� Platelet Surface Glycoprotein Polymorphisms
Gp IIIa Pro33Leu  (HPA-1b or PLA2)
Gp Ia VNTR
Gp Ia/IIa C807T



between PlA2 or HPA-2 and arterial
thrombosis.

The GpIb-IX glycoprotein complex
binds von Willebrand factor and there-
fore this complex plays an important
role in the adhesion of platelets to re-
gions of vascular injury.  A number of
polymorphisms of the GPIb-IX complex
have been described.   The “length”
polymorphisms include 4 different al-
leles and is called “length” because the
alleles vary by the number of repeat
base pairs inserted (A [four copies of the
repeat], B [three copies], C [two cop-
ies], and  D [one copy]) and consists of
a variable number of tandem repeats
(VNTR) of 39 base pairs.  The B and D
alleles have been associated with an
increased risk of arterial thrombosis in
small studies to date.

Glycoprotein Ia/IIa is the major
platelet collagen receptor and is re-
sponsible for platelet adherence to ex-
posed vascular subendothelium.  There
are two single nucleotide polymor-
phisms C807T and G873A that are in
complete linkage disequilibrium (these
polymorphisms are found in associa-
tion more often than chance alone
would predict) with one another. The
C807T allele is associated with increased
collagen receptor levels and increased
collagen induced platelet adhesion.
Preliminary results suggest that the
C807T variant of glycoprotein Ia may be
a genetic risk factor for early-onset arte-
rial thrombotic disease.
CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION

In general, screening for arterial
thrombotic risk factors is of value and
can be recommended only if the iden-
tification of an abnormal result would
have prognostic or therapeutic conse-
quences.   Screening for arterial throm-
bosis is best accomplished by evaluat-
ing for the traditional cardiovascular
markers, such as diabetes mellitus,
smoking, hypertension, and hypertri-
glyceridemia.   Evaluation of venous
thrombotic risk factors and especially
antiphospholipid antibodies, hyper-
homocysteinemia, and dysfibrin-
ogenemia may be of value in children,
young individuals or pre-menopausal
women with arterial thrombosis, or in
any individual with arterial disease in
the absence of typical cardiovascular
risk factors. Many of the hemostatic risk
factors described in this article are in-
conclusive in their relationship with ar-
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terial disease or have only a small influ-
ence on the development of arterial
thrombosis.  Further epidemiologic stud-
ies are needed to better determine the
relationship of hemostatic risk factors
and arterial thrombosis.
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