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Hemostatic Factors in the
Development of Arterial

Thrombosis

By Dorothy M. Adcock, MD

INTRODUCTION

Thrombusdevelopmentrepresentsa
complex interaction between the blood
vesselwall,coagulation proteins,and plate-
lets. Thrombosis is a frequent event that
can develop in either the arterial or
venouscirculation. Arterialthrombosis,in
fact,isthe mostcommon cause ofdeathin
North Americaasitisthe etiology of most
acute myocardial infarctions (Ml)and ce-
rebral vascular accidents. These entities
representthe two mostcommon forms of
cardiovascular disease. Venous throm-
boembolicdiseaseisthe third mostcom-
mon form of cardiovascular disease in
North America and typically presents as
deepvenous thrombosis and pulmonary
embolus.
PATHOPHYSIOLOGY

There are significant differences in
the pathology of blood clots betweenthe
venous and arterial systems. The venous
circulation is a low flow, low pressure
system. Clots thatdevelopinthe venous
systemaregenerallyrelativelylargeinsize
andarecomposed predominantly offibrin
enmeshedwith cellularcomponents. Sta-
sisandchangesinblood compositionthat
induce hypercoagulability, suchasthefac-

torVLeidenpolymorphismandantithrom-
bindeficiencyrepresentthe mostimpor-
tantcontributorstoclotformationinthe
venoussystem. Venous thrombosis may
infact,occurspontaneouslyinindividuals
withgeneticabnormalitiesassociatedwith
hypercoagulability.

Conversely, the arterial system is a
high flow, high pressure system. Platelets
areavitalcomponentofarterial thrombi
butdevelopmentofocclusive thrombiis
also dependent on activation of the co-
agulation system. Occlusive clots in the
arterial systemarerelativelyrichinfibrin.
Unlike the venoussystem, arterial throm-
bosis typically occurs in a setting of an
underlying vascular abnormality, most
commonly atherosclerotic vascular dis-
ease (ASVD). In the arterial circulation,
vascularinjuryisthe mostfrequentcause
of clot development and thrombosis
typically occursinasetting of atheroma-
tous plaque rupture or endothelial cell
damage.

CONTRIBUTING FACTORS

Thedevelopmentofatherosclerotic
vascular disease and associated arterial
thrombosisisacomplex, multi-genicdis-
order. Arterialthrombosisin the setting of

Objective: The reader will be able to discuss the alterations of hemostatic
parametersassociated withthe developmentofarterial thrombosis.
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atherosclerosis is the culmination of
interactions between gene-gene,
gene-environment,and environment-
environment influences where both
geneticandacquiredrisk factorsinter-
actinanadditive orsynergisticmanner.
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 ofarterial vascu-
lardisease. Approximately 30%ofarte-
rial thromboticevents, however,occur
inthe absence of these traditional car-
diovascularriskfactors,suggestingthe
presence ofadditional,and to-date un-
defined, risk factors for the develop-
mentofarterialthrombosis.

The multifactorial basis of arterial
diseaseandtheinteractionsamongrisk
factorsmakesevaluation of underlying
isolated geneticabnormalitiesaformi-
dabletask. Furthercompounding this
issueisthe observationthat presence
ofan isolated polymorphism of a par-
ticular proteinhaslittle overall effecton
itsplasmalevels, varyingconcentration
byonlyabout5%. Therefore the effect
ofasingle polymorphism may be diffi-
cultifnotimpossibletodiscerninisola-
tion. According to Merlini and
Ardissimo, the effect of any single ge-
neticrisk factoronarterialthrombosisis
likelytobe modest (arelativeriskof 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-
ciatedwithasingle geneticabnormal-
ityislikelydependentonitsinteraction
with other geneticrisk factors or envi-
ronmental factorsthat may be present
and in fact, the interaction of these
multiple risk factors may be necessary
for disease expression. For example,
riskassociated withaspecific polymor-
phism may be expressed only in the
presence of significantunderlying vas-
culardisease oronlyinthe presence of
otherpolymorphisms. ltmay be more
informative therefore tostudy theim-
pactof multiple geneticriskfactorson
acohortalthoughthis greatly compli-
catesthe establishmentofanappropri-
ate and well controlled study group.
Giventhe complex, muti-genic basis of
arterial disease and the interaction of
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environmentaland geneticfactors, itis
difficultto conduct controlled studies
that account for all of the necessary
variablessuch as;anadequate number
ofindividuals studied, the ethnicity of
the cohort, the prevalence of underly-
ing vascular disease, the type of risk
factors present, and the frequency of
theallele beingevaluated. Samplesize
iscriticalin properlyassigning risk asso-
ciatedwithaspecificgeneticfactorand
the sample size needed is largely de-
pendentonthefrequencyoftheallele
being investigated. Many published
studiesare contradictoryregarding the
relative risk of the various risk factors
describedandtherelationshipbetween
genetic risk factors of the hemostatic
system and arterial thrombosis is not
clear-cut.

In the evaluation of hemostatic
factorsandarterial thromboticrisk,in-
vestigatorshavefocused onthevarious
componentsofthe hemostatic system
including blood coagulationfactors, co-
agulation inhibitors, fibrinolytic pro-
teins, and platelet membrane recep-
tors. This article will briefly review
hemostaticrisk factorsinthe develop-
mentofarterial thrombosis.

The relationship of well-estab-
lished risk factors for venous throm-
botic disease, such as deficiencies of
the naturally occurringanticoagulants
(antithrombin, proteinCand protein S)
and polymorphismsincoagulationfac-
tors (Factor V Leiden, prothrombin
G20210A), to the risk of developing
arterial thrombosis has been exten-
sivelyinvestigated. Itisgenerallyagreed
thattherelationshipamongvenousrisk
factors and arterial thrombosis is not
obvious. Studies suggest that the
venous thrombophilic factors are not
majorrisk factorsforarterialthrombosis
but may play arole in certain patient
subgroups. Forexample,factorVLeiden
and prothrombin G20210A polymor-
phismsdonotconferanincreased risk
of arterial disease unless there are ad-
ditionalunderlying arterial risk factors
such as cigarette smoking. The well-
established risk factors for venous
thrombosis however, may contribute
toarterial disease thatdevelopsincer-
tain subgroups such as children with
arterial stroke or pre-menopausal
women who suffer Ml.

There are very few well-estab-
lished risk factors that are associated



Hyperhomocysteinemia
Dysfibrinogenemia

Lupus Anticoagulant

TABLE 1. Well-established Risk Factors
Associated with Both Venousand Arterial

Thrombotic Disease.

with an increased risk of both venous
andarterialthromboticdisease. These
factors include protein-phospholipid
complexantibodies (anti-phospholipid
antibodies), rare cases of dysfibrino-
genemia,and hyperhomocysteinemia.

Antibodiesto protein-phospholipid
complexes (lupus anticoagulants and
antiphospholipid oranticardiolipinanti-
bodies) are animportantrisk factor for
thedevelopmentofarterial thrombotic
disease. Lupusanticoagulantsare anti-
bodiesthatinterfere with phospholipid
dependentcoagulationassaysandcan
bedetected usingavariety of testssuch
astheactivated partialthromboplastin
time, diluteRussell'svipervenomtime,
andkaolinclottingtime. Confirmatory
assays typically include addition of ex-
cessphospholipid to neutralize the an-
tibody. ELISAbased assayscanbe used
to detect protein phospholipid com-
plexesandinclude thefollowingassays;
anticardiolipinantibody,anti-phosphati-
dyl serine, anti-prothrombin, anti-
annexin V, and anti B2 Glycoproteinl.
Antibodiestoproteinphospholipidcom-
plexes are common with an incidence
of1%to2%inthe general population.
Antibodiesthatare persistently elevated
over at least a 6 to 8 week time period
aremoreclinicallysignificantthantran-
sientantibodiesthat may occur, forex-

Antithrombin Deficiency
Protein C Deficiency
Protein S Deficiency

Factor V Leiden
Prothrombin G20210A
Hyperhomocysteinemia

Dysfibrinogenemia

TABLE 2. Well-established Risk Factors Associated with

Venous Thrombotic Disease.

Anti-phospholipid Antibodies

Activated Protein C Resistance

Anti-phospholipid Antibodies

ample, secondary to infec-
tion. Persistent
antiphospholipidantibodies
areanimportantcause of Ml
andstroke, particularlywhen
arterialthrombosisoccursat
ayoungageorin individuals
without evidence of tradi-
tional cardiovascularrisk fac-
tors. Antiphospholipidanti-
bodies can be seen in 7%
t010% of unselected stroke patients
andthisassociationisgreaterinyoung
adultsand children. These antibodies
havealsobeenreportedinupto20% of
individuals suffering Ml who are less
than 45 years of age.

Elevatedfibrinogenactivity levels
(in the highest tertile) are associated
withatwofoldincreasedrisk of myocar-
dialinfarctioninboth healthyand high
risk individuals. This increased risk is
independent of other well known risk
factors. Fibrinogenlevelselevateasan
acute phaseresponse. Levelslikelyalso
haveageneticbasisin partand may be
related to polymorphismssuchasBcll,
Thr313Ala, and 455G/A. Increased fi-
brinogen concentration may contrib-
ute to thrombotic risk by increasing
bloodviscocity, increasing fibrinforma-
tion,and enhancing platelet aggrega-
tion.Inarecenttrial, theadministration
of Benzafibrate, an agent that lowers
fibrinogen levels and alters lipid pro-
files, was not associated with a reduc-
tioninthe incidence of arterial throm-
boticevents. Adirect cause-and-effect
relationship betweenfibrinogenlevels
and arterial thrombotic disorders is
therefore suspect.

Certain forms of dysfibrino-
genemiamay bearare cause ofarterial
thrombosis. Arterial thrombosis can
occurwhenthe
abnormal fi-
brinogen mol-
ecule is con-
verted to fibrin
clotthatisrela-
tively resistant
toplasmindeg-
radation.
Dysfibrino-
genemiaissus-
pected in the
presence of an
elevatedthrom-
binclottingtime
and reptilase
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time. Itis usually associated with nor-
mal or slightly decreased fibrinogen
antigen levels and decreased fibrino-
genactivity.

Increased concentrationsof Factor
Vllland von Willebrand factor antigen
areassociated withanincreased risk of
arterial thrombotic events. Both pro-
teins are acute phase reactants. Be-
causethese proteinscirculateasacom-
plex levelsgenerally correlate withone
another. Althoughsustainedelevations
may have a genetic basis, factor VIl or
von Willebrand gene polymorphisms
that increase risk for arterial disease
have notbeendescribed. The basis for
increased clotdevelopmentin patients
with elevated concentrations of factor
VIl is thought to be due to increase
activation of thrombin activatable fi-
brinolysisinhibitor (TAFI)whichleadsto
enhanced clotstability through dimin-
ished plasmingeneration. Elevations of
von Willebrand protein may induce
thrombosis by enhancingthebinding
of plateletstothe vasculature or possi-
bly to each other.

Inthe Northwick Park Heart Study,
elevations of factor VIl activity were
strongly associated with an increased
riskofcoronaryevents. Thisfinding has
not been supported in other studies
andfactorVlllevelshave notbeeniden-
tified asanindependentrisk factor for
arterialdisease. Variationsinassay meth-
odologyandreagentsensitivity may be
one reason for discrepancies in study
results. Todate, five polymorphismsin
the factor VIl gene associated with in-
creasedfactorVlllevelshavebeeniden-
tified, but the relationship between
these polymorphismsandarterial riskis
unclear at thistime.

Factor XIIl functions as a trans-
glutaminase and acts to covalently
cross-link fibrin therefore stabilizing
thefibrin clot. A polymorphism of the
factor Xlllgene, specifically val34leu, is
reported to have a protective effect
against the development of arterial
eventsincluding myocardial infarction
andstroke. Thiseffectis paradoxical as
theval34leu polymorphism enhances
thetransglutaminase activity offactor
XIIl,promoting clotstabilityand s asso-
ciated with higher than normal levels
of plasminogen activator inhibitor-1
(PAI-1).

Increased plasmaconcentrations
ofPAIl-1areconsistentlyassociated with
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m Increased Fibrinogen Activity

Fibrinogen 3 chain Bc/I

Fibrinogen chain -455G/A

Fibrinogen a Thr313Ala

m Increased Factor VIlI/von Willebrand Factor

Complex Activity

m Increased Factor VIl Activity

Factor VIl HVR4
Factor VII-402G/A
Factor VII-401G/T
Factor VII-323 0/10
m Factor Xlll Val34Leu

m Increased Plasminogen Activator Inhibitor-1

PAI-1-6754G/5G
m Increased Lipoprotein (a)
m Increased Homocysteine
MTHFR C677T
MTHFR A1298C

m Platelet Surface Glycoprotein Polymorphisms
Gp lllaPro33Leu (HPA-1b or PLA2)

Gp la VNTR
Gp la/llaC807T

TABLE 1. Well-established Risk Factors Associated with

Arterial Thrombotic Disease.

anincreased risk of arterial disease in-
cluding myocardial infarction and un-
stable angina. Elevated PAI-1 levels
cause a decreased half life of tissue
plasminogenactivator (tPA)and there-
fore decreased potential for clot lysis.
Elevationsof PAl-1canbeinpartgeneti-
callybasedalthoughenvironmentalfac-
tors such as insulin resistance and
hypertriglyceridemia likely have a
greater influence on PAI-1 levels.

The 4Ginsertion polymorphism of
the PAI-1 gene is associated with in-
creased PAI-1 levels due to increased
MRNA. Although controversial,ameta-
analysis suggests that the 4G allele is
associatedwithamildincreasedrisk for
cardiovasculareventscomparedtothe
wild type (5G/5G). Studies have shown
thatsubjectswhoare homozygousfor
the 4G allele have plasma PAI-1 con-
centrationsapproximately 25% higher
thanthosewiththe5Gallele. Similarly,
among patients with hypertri-
glyceridemia, those with the 4G allele
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also have
higher
plasma
PAI-1
concen-
trations
than
those
with the
5G allele.
There is
still con-
flicting
data on
t h e
strength
of the re-
lation be-
tween
PAI-1
gene
polymor-
phism
and M,
but it is
sug -
gested
that the
4G allele
is more
likely to
contrib-
ute to M,
particu-
larlyinthe
presence of hypertriglyceridemia.

Elevated lipoproteina[Lp(a)] lev-
els are associated with a risk of future
arterial events. Lp(a) is composed of
LDL particles linked to an apoprotein.
Thisapoproteinisstructurally similarto
plasminogenandinhibitsplasminogen
binding to fibrin thereby inhibiting fi-
brinolysis. Oxidized Lp(a) may promote
cholesteroldepositioninthevesselwall
enhancingthe developmentofathero-
sclerotic vascular disease. Levels of
Lp(a)aredeterminedlargely by genetic
factors with little impact secondary to
dietary modifications, lipid lowering
drugs,and physicalactivity. Lp(a) levels
increase following an acute arterial
event and it is not known whether el-
evated Lp(a) levels are causative of ar-
terialthrombosis or whether they rep-
resentaconsequence of cardiovascular
disease. Studies suggest that overall,
effect of Lp(a) is probably small and
evidentonlyinthatsubgroup withthe
highestLp(a) levels.
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Homocysteine is a precursor for
the sulphurcontainingaminoacid me-
thionine. Levels can be increased in
individuals with specific enzyme defi-
ciencies or polymorphisms, with cer-
tainvitamin deficiencies, with renal fail-
ure, and asan effect of certain medica-
tions. Levels may also increase follow-
ing acute arterial thrombosis making
evaluation oftherelationshipwitharte-
rial disease difficult. Prospective stud-
ies investigating the risk of arterial
thrombosis and homocysteine levels
areinconsistent. Furtherstudiestoevalu-
atethe effect of plasmahomocysteine
aswellasthecommon polymorphisms
that can contribute to increased ho-
mocysteine levels are needed.

Polymorphismsinthetissuefactor
pathway inhibitor gene, thrombo-
modulin, and epithelial protein C re-
ceptor genes may potentially confer
increasedrisk forarterial disease. Stud-
iestodateare limited withinconsistent
resultsandfurtherinvestigationofthese
polymorphismsisneeded.

Because platelets play an impor-
tantpartin arterial thrombosisitisim-
portant to consider the role adhesion
molecule of the plateletsurface playin
increasingarterialrisk. Thereareanum-
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
thetwomajormembrane adhesivere-
ceptors (GPlIb-llaand GPIb-IX) are the
mostcommonlyfound.

One of the best-studied platelet
glycoproteinpolymorphismsisthe PIA!
whichisexpressed onglycoproteinlib/
llla. This is the receptor involved in
fibrinogen bindingand plateletaggre-
gation. Acommon polymorphism,seen
in up to 15% of Caucasians and in 25%
ofindividualswith NorthernEuropean
heritage, is associated with a proline
substitution for leucine at position 33
which is called PI*? or HPA-2. It was
initially reported that this polymor-
phism is associated with a 2 to 3 fold
increased risk of myocardial infarction
andthisriskincreasesto6foldinthose
less than 60 years of age. Since the
initial study wasreported,anumber of
papers have been published which
bothsupport andrefute theassociation



between PI*? or HPA-2 and arterial
thrombosis.

The Gplb-IXglycoproteincomplex
bindsvonWillebrandfactorandthere-
fore this complex plays an important
role in the adhesion of platelets to re-
gions of vascular injury. A number of
polymorphismsofthe GPIb-IXcomplex
have been described. The “length”
polymorphismsinclude 4 different al-
lelesandiscalled “length” because the
alleles vary by the number of repeat
base pairsinserted (A[fourcopiesofthe
repeat], B [three copies], C [two cop-
ies],and D [one copy]) and consists of
avariable number of tandem repeats
(VNTR) of 39 base pairs. The Band D
alleles have been associated with an
increased risk of arterial thrombosisin
smallstudiesto date.

Glycoprotein la/lla is the major
platelet collagen receptor and is re-
sponsibleforplateletadherencetoex-
posedvascularsubendothelium. There
are two single nucleotide polymor-
phisms C807T and G873A that are in
completelinkage disequilibrium (these
polymorphisms are found in associa-
tion more often than chance alone
would predict) with one another. The
C807Talleleisassociatedwithincreased
collagenreceptorlevelsandincreased
collagen induced platelet adhesion.
Preliminary results suggest that the
C807Tvariantofglycoproteinlamaybe
ageneticriskfactorforearly-onsetarte-
rialthrombotic disease.
CONCLUSION

In general, screening for arterial
thrombotic risk factors is of value and
canberecommended onlyiftheiden-
tification of an abnormal result would
have prognostic ortherapeuticconse-
quences. Screeningforarterialthrom-
bosisisbestaccomplished 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-
ogenemiamay be ofvalueinchildren,
young individuals or pre-menopausal
women with arterial thrombosis, orin
any individual with arterial disease in
the absence of typical cardiovascular
risk factors. Many of the hemostaticrisk
factors described in this article are in-
conclusiveintheirrelationshipwithar-

terialdisease or have onlyasmallinflu-
ence on the development of arterial
thrombosis. Furtherepidemiologicstud-
iesare neededtobetterdeterminethe
relationship of hemostatic risk factors
andarterial thrombosis. ®
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