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Abstract: Factor V Leiden is a genetic disorder characterized by a poor
anticoagulant response to activated Protein C and an increased risk for
venous thromboembolism. Deep venous thrombosis and pulmonary
embolism are the most common manifestations, but thrombosis in
unusual locations also occurs. The current evidence suggests that the
mutation has at most a modest effect on recurrence risk after initial
treatment of a first venous thromboembolism. Factor V Leiden is also
associated with a 2- to 3-fold increased relative risk for pregnancy loss
and possibly other obstetric complications, although the probability of a
successful pregnancy outcome is high. The clinical expression of Factor
V Leiden is influenced by the number of Factor V Leiden alleles,
coexisting genetic and acquired thrombophilic disorders, and circum-
stantial risk factors. Diagnosis requires the activated Protein C resis-
tance assay (a coagulation screening test) or DNA analysis of the F5
gene, which encodes the Factor V protein. The first acute thrombosis is
treated according to standard guidelines. Decisions regarding the opti-
mal duration of anticoagulation are based on an individualized assess-
ment of the risks for venous thromboembolism recurrence and antico-
agulant-related bleeding. In the absence of a history of thrombosis,
long-term anticoagulation is not routinely recommended for asymptom-
atic Factor V Leiden heterozygotes, although prophylactic anticoagula-

From the Northwest Cancer Specialists, Portland, Oregon.

Jody Lynn Kujovich, MD, 265 N. Broadway, Portland, OR 97227. E-mail:
kujovich@hotmail.com.

Disclosure: The author declares no conflict of interest.
Submitted for publication August 12, 2010.

Accepted for publication September 1, 2010.
Published online ahead of print November 24, 2010.
DOI: 10.1097/GIM.0b013e3181faa0f2

Genetics IN Medicine ® Volume 13, Number 1, January 2011

oo

Obesity
Surgery
Thrombosis not convincingly associated with Factor V Leiden....

(o)

oo

Arterial thrombosis 8
Myocardial infarction 8
Stroke 8
Genotype-phenotype correlations 8
Factor V Leiden and Factor V deficiency 8
HR2 haplotype 9
Genetically related (allelic) disorders 9
Penetrance 9
Differential diagnosis 9
Inherited disorders 9
Acquired disorders 10
Management 10
Evaluation after initial diagnosis 10
Treatment of manifestations 10
Prevention of primary manifestations 1
Pregnancy 11
Prevention of pregnancy complications 11
Genetic counseling 11
Proband heterozygous for Factor V Leiden 11
Proband homozygous for Factor V Leiden 11
Testing at-risk family members 11

tion may be considered in high-risk clinical settings. In the absence of
evidence that early diagnosis reduces morbidity or mortality, decisions
regarding testing at-risk family members should be made on an indi-
vidual basis. Genet Med 2011:13(1):1-16.

Key Words: Factor V Leiden, thrombophilia, APC resistance, venous
thrombosis, anticoagulation

Venous thromboembolism (VTE; deep venous thrombosis
[DVT] and/or pulmonary embolism) is a major medical
problem, which affects approximately 1 in 1000 persons per
year. VTE is a multicausal disease that results from multiple
interactions between genetic, acquired, and circumstantial risk fac-
tors. Thrombophilic disorders can be identified in half of patients
presenting with venous thrombosis. Inherited thrombophilia is a
genetically determined tendency to develop VTE, which is often
recurrent. Inherited deficiencies of antithrombin, Protein C, and
Protein S are relatively rare and together account for <10% of
patients with venous thrombosis. In 1993, Dahlbdck et al.! reported
an inherited poor response to the anticoagulant effect of activated
Protein C (APC) in several thrombosis prone families. The APC-
resistant phenotype was prevalent among patients with venous
thrombosis and subsequently shown to result from a single-point
mutation in the Factor V gene.?

Factor V Leiden is the most common genetic risk factor for
VTE, found in 20-25% of patients with VTE and 50% of
patients with familial thrombophilia.>* Testing for Factor V
Leiden is now one of the most frequently ordered molecular
genetic tests. This review focuses on current data defining the
thrombotic risks and complications associated with Factor V
Leiden and its interaction with other genetic and acquired risk
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factors. It also summarizes indications for testing and guidelines
for management and genetic counseling.

PATHOGENIC MECHANISMS AND MOLECULAR
BASIS

Factor V Leiden is a genetic disorder characterized by a poor
anticoagulant response to APC. APC is a natural anticoagulant
protein that cleaves and inactivates procoagulant Factors Va and
Vllla, thereby downregulating further thrombin generation.>-¢
APC inactivates Factor Va by cleavage at three different amino
acid positions: R (arginine) 306, R 506, and R 679. The term
“Factor V Leiden” refers to the specific guanine to adenine
substitution at nucleotide 1691 in the Factor V gene, which
predicts the substitution of glutamine for arginine at the Arg 506
APC cleavage site. Because of this single amino acid substitu-
tion, Factor Va is resistant to APC and is inactivated at a 10-fold
slower rate than normal, resulting in increased thrombin gener-
ation. Factor V cleaved at position 506 also functions as a
cofactor (along with Protein S) for APC-mediated inactivation
of Factor VIIIa. Loss of this anticoagulant activity of Factor V
may contribute to thrombin generation. The resulting mild pro-
thrombotic state is reflected by elevated levels of D-dimer,
prothrombin fragment F1 + 2, and other activated coagulation
markers.”® The mutant Factor V is referred to as Factor V
Leiden because Dutch investigators from the city of Leiden
were the first to report the mutation.?

PREVALENCE

Factor V Leiden is the most common inherited form of
inherited thrombophilia, accounting for 40—-50% of cases. The
prevalence varies by population (Table 1). Heterozygosity for
Factor V Leiden occurs in 3—8% of the general US and Euro-
pean populations. The highest heterozygosity rate is found in
Europe; the mutation is extremely rare in Asian, African, and
indigenous Australian populations. Within Europe, the preva-
lence varies from 10 to 15% in southern Sweden and Greece to
2-3% in Italy and Spain.'® The mutation is found in 3.8% of
individuals in France, but the frequency ranges from 1.3% in
southwestern regions to 7.1% in northeastern France.® In the
United States, the prevalence reflects the world distribution of
the mutation.!! It is present in:

5.2% of white Americans.
2.2% of Hispanic Americans.
1.2% of African Americans.
0.45% of Asian Americans.
1.25% of native Americans.

The frequency of homozygosity for Factor V Leiden in white
populations is approximately 1 in 5000. Haplotype analysis of the
Factor V gene strongly suggests that the mutation was a single
event that occurred 20,000—30,000 years ago, after the evolution-
ary separation of whites from Asians and Africans.'® The high
prevalence of Factor V Leiden among whites suggests a balanced
polymorphism with some type of survival advantage associated
with the heterozygous state. Some investigators speculate that the
mild prothrombotic state conferred by the mutation could have
reduced mortality from bleeding associated with childbirth or
trauma in premodern times.>!® In several studies, Factor V Leiden
heterozygotes had significantly less blood loss during menses,
childbirth, and cardiac surgery.'*-2! Some evidence suggests that
severe hemophiliacs who are heterozygous for Factor V Leiden
have less severe bleeding and reduced clotting factor concentrate

Table 1 Worldwide prevalence of Factor V Leiden®?

Population Prevalence (%)%-11.12-17
European whites 3-15
Spain 33
France 3.8
Germany 4
Iceland 5.2
United Kingdom 8.8
Greece 15
Sweden 11
Africa Absent
Southeast Asia Absent
Asia minor 1.2
Australia (indigenous) Absent
Japan Absent
Jordanian Arabs 12.2
Lebanon 14
Western Iran 2.97
Canada 5.3
United States
Whites 52
Hispanic Americans 2.2
African Americans 1.2
Asian Americans 0.45
Native Americans 1.25

“Healthy individuals with no history of venous thromboembolism.
’Includes heterozygous and homozygous individuals.

utilization, also consistent with this hypothesis.?>2> However, an
evolutionary survival benefit of Factor V Leiden has not been
confirmed.

DIAGNOSIS

Clinical diagnosis

No clinical features are specific for Factor V Leiden throm-
bophilia. The diagnosis is suspected in individuals with a his-
tory of VTE manifest as DVT or pulmonary emboli, especially
in women with VTE during pregnancy or in association with
estrogen contraception, and in individuals with a personal or
family history of recurrent thrombosis.

Testing

The diagnosis of Factor V Leiden requires the APC resis-
tance assay, a coagulation screening test, or DNA analysis of
F'5, the gene encoding Factor V, to identify the Leiden mutation,
a specific G-to-A substitution at nucleotide 1691 that predicts a
single-amino acid replacement (R506Q).

The APC resistance assay involves performing an activated
partial thromboplastin time (aPTT) on the individual’s plasma
in the presence and absence of a standardized amount of exog-
enous APC; the two results are expressed as a ratio (aPTT +

© 2011 Lippincott Williams & Wilkins
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APC/aPTT — APC). This assay is based on the principle that
when added to normal plasma, APC inactivates Factors Va and
VIlIa, which slows coagulation and prolongs the aPTT. The
APC-resistant phenotype is characterized by a minimal prolon-
gation of the aPTT in response to APC and a correspondingly
low ratio. Modified (“second generation™) assays include predi-
lution in Factor V-deficient plasma to normalize factors that
might affect the APC resistance ratio (Protein S, other Vitamin-
K-dependent clotting factors lowered by oral anticoagulation,
etc.). The modified assay can be used to test plasma from
patients receiving anticoagulation. This test has a sensitivity and
specificity for Factor V Leiden approaching 100%.24

Targeted mutation analysis for Factor V Leiden is performed
by a variety of comparable methods using genomic DNA in
peripheral blood mononuclear cells.25-26 Molecular genetic tests
are reliable in individuals on warfarin or heparin anticoagula-
tion and during acute thrombotic episodes. When clinical care
requires testing for Factor V Leiden, either direct DNA-based
genotyping or a modified APC resistance assay is recom-
mended. DNA-based testing is recommended in individuals
with strong lupus inhibitors and a prolonged baseline aPTT and
those with very low or borderline APC resistance assay values.
Individuals with a positive screening assay should have the
DNA test for confirmation and to distinguish heterozygotes,
homozygotes, and “pseudohomozygotes” who are heterozygous
for both Factor V Leiden and a second mutation causing Factor
V deficiency. When relatives of individuals known to have
Factor V Leiden are tested, the DNA method is recommended.25

Indications for testing

There is a general consensus that Factor V Leiden testing
may have utility in certain circumstances.?>3! However, guide-
lines differ on the specific indications for testing. The decision
to test selected patients should be based on the likelihood that
the results are likely to influence treatment.3! There is no
evidence that testing for thrombophilia reduces the risk for
recurrent VTE or improves clinical outcomes in family mem-
bers who undergo screening.32-33 Recent consensus recommen-
dations also differ on the indications for screening women with
adverse pregnancy outcomes.?°—3! Testing is appropriate in
selected individuals with the following:

e A first unprovoked VTE at any age (especially age < 50
years).

A history of recurrent VTE.

Venous thrombosis at unusual sites (e.g., cerebral, mesen-
teric, hepatic, and portal veins).

VTE during pregnancy or the puerperium.

VTE associated with the use of estrogen contraception or
hormone replacement therapy (HRT).

A first VTE with a first-degree family member with VTE
before the age of 50 years.

Other clinical circumstances in which testing may be appro-
priate include the following:

e Women with recurrent unexplained first-trimester preg-
nancy losses, or an unexplained fetal loss after 10 weeks
gestation, or stillbirth.

e Selected women with unexplained severe preeclampsia,
placental abruption, or a fetus with severe intrauterine
growth restriction.

e A first VTE related to the use of tamoxifen or other
selective estrogen receptor modulators (SERMs).
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e Individuals younger than 50 years with a first provoked
VTE in the absence of malignancy or an intravascular
device.

e Asymptomatic adult family members of probands with a
known Factor V Leiden mutation, especially those with a
strong family history of VTE at a young age or female
family members who are pregnant or are considering es-
trogen contraception use or pregnancy.

e Female smokers younger than 50 years with a myocardial
infarction or stroke.

e Neonates and children with noncatheter-related idiopathic
VTE or stroke.

Factor V Leiden testing is not routinely recommended during
pregnancy or before the use of estrogen contraception, hormone
replacement, or SERMs. Prenatal testing and screening of
asymptomatic newborns, neonates, and children are also not
recommended. Routine testing is not appropriate for patients
with a personal or family history of arterial thrombosis (acute
coronary syndrome or stroke). However, it may be considered
in individuals younger than 50 years with unexplained arterial
thrombosis.

Specific informed consent is not generally required for Factor
V Leiden genetic testing, although it may be required in some
states. However, before testing, individuals should be informed
that genetic test results have implications regarding risk for
other family members and the attendant issues of confidential-
ity. The results should be interpreted by a physician experienced
in the management of thrombophilia and thrombosis.

NATURAL HISTORY AND CLINICAL
MANIFESTATIONS

The clinical expression of Factor V Leiden thrombophilia is
variable. Many individuals with a Factor V Leiden allele never
develop thrombosis. Although most affected individuals do not
experience their first thrombotic event until adulthood, some
have recurrent VTE before the age of 30 years. Factor V Leiden
homozygotes are more likely to develop their first VTE at a
younger age. In a family study, 40% of homozygotes had a VTE
by the age of 33 years, compared with 20% of heterozygotes
and 8% of unaffected individuals.?* Population studies suggest
approximately 10% of Factor V Leiden heterozygotes develop
VTE over their lifetime.3> The lifetime risk of VTE is higher
(25-40%) in heterozygotes from thrombophilic families.3¢-37
Heterozygosity for Factor V Leiden is not associated with an
increase in mortality or reduction in normal life expectancy.3%-3°

Venous thromboembolism

The primary clinical manifestation of Factor V Leiden is
VTE. The mutation is found in 25% of patients with a first
idiopathic VTE and up to 40—-50% of those with recurrent VTE
or an estrogen-related thrombosis*®-4! (Table 2). DVT most
commonly develops in the legs, but upper extremity thrombosis
also occurs. Some evidence suggests that pulmonary embolism
is less common than DVT in individuals with a Factor V Leiden
allele.5¢>7 An analysis of pooled data from a large number of
studies found that the prevalence of a Factor V Leiden allele in
individuals with isolated pulmonary embolism was approxi-
mately 50% the prevalence in individuals with DVT.>® The
explanation for a differential effect of Factor V Leiden on the
risk for DVT and pulmonary embolism is unclear.

Factor V Leiden was identified in 9-20% of individuals with
upper extremity DVT including DVT not related to a central
venous catheter.*3-45 Thrombosis in unusual locations including
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Table 2 Estimated prevalence of Factor V Leiden among
patients with thrombotic complications

Table 4 Estimated risk of thrombotic complications:
Factor V Leiden homozygotes

Thrombotic complication Prevalence (%)

Thrombotic complication Risk (odds ratio)*

First idiopathic VTE? 25

Recurrent VTE#0:42 30-50
Upper extremity thrombosis*3 43 9-20
Cerebral vein thrombosis*-47 10-20
Pregnancy-associated VTE#3-31 20-46
Oral contraceptive-associated VTE#-52 20-60
Pregnancy loss!!->3-53 8-30

First VTE#33.62 10-80
Pregnancy-associated VTE®6.73.74 20-40
Oral contraceptive-associated VTE” 100
Recurrent VTE33 2-3
Surgery-associated VTE7¢ 20
Early fetal loss®® 3
Late fetal loss??? 11

VTE, venous thromboembolism.

cerebral, retinal, hepatic, ovarian, and renal veins may also
occur less commonly. The risk of cerebral vein thrombosis is
increased 3- to 5-fold in Factor V Leiden heterozygotes.>®#¢ A
Factor V Leiden allele is associated with a 6-fold increased risk
for superficial vein thrombosis.®°

Risk for a first VTE

The relative risk for VTE is increased 3- to 8-fold in Factor
V Leiden heterozygotes (Table 3). Lower relative risks are
reported in heterozygotes identified from general population
screening.?>-72 The thrombotic risk is increased 10- to 80-fold in
homozygotes®!-°2 (Table 4). The risk for primary upper extrem-
ity thrombosis (not related to malignancy or a venous catheter)
is increased 3- to 6-fold in Factor V Leiden heterozygotes.43:45

Recurrent VTE

Approximately 30% of individuals with an incident VTE
develop recurrent thrombosis within the subsequent 8 years.”®
There are conflicting data on the risk of recurrent VTE associ-
ated with Factor V Leiden heterozygosity. The current evidence
suggests that it has at most a modest effect on recurrence risk
after initial treatment of a first VTE. Several prospective cohort
studies of unselected individuals with a first VTE, did not find
an increased risk for recurrence in Factor V Leiden heterozy-
gotes.”?-80 Recently reported follow-up of participants in the

Table 3 Estimated risk of thrombotic complications:
Factor V Leiden heterozygotes

Thrombotic complication Estimated risk (odds ratio)”

First VTES!-64 3-8
Cerebral vein thrombosis*®-5? 3-5
Primary upper extremity thrombosis?4345 3-6
CVC-associated thrombosis® 2-3
Superficial vein thrombosis®® 6
Pregnancy-associated VTE®-67 8-52
Recurrent VTE#268 1.4-1.6
Pregnancy loss®6:69-71 2-4

“Risk relative to individuals without Factor V Leiden.
"Not related to malignancy or a central venous catheter.
VTE, venous thromboembolism; CVC, central venous catheter.

“Risk relative to individuals without a Factor V Leiden allele.
“Occurring after 12 weeks gestation.
VTE, venous thromboembolism.

Leiden Thrombophilia study also found no increase in recur-
rence risk.3! A meta-analysis including 3104 individuals with a
first VTE concluded that a heterozygous mutation is associated
with a significantly increased risk for recurrent VTE after a first
event with an odds ratio of 1.4.42 Two recent systematic reviews
found a similar modest but significant increase in recurrence
risk (pooled odds ratio = 1.56 and 1.45, respectively).33-68
Several studies showed that the reduction in risk during oral
anticoagulation is similar in individuals with and without the
factor Leiden mutation.33-82

The risk for recurrent VTE in Factor V Leiden homozygotes
is not well defined but presumed to be higher than in heterozy-
gotes. Prospective follow-up of the Leiden Thrombophilia study
reported a 5-year cumulative recurrence rate of 12.5% in a small
group of homozygotes not receiving long-term anticoagula-
tion.”® A systematic review found a 2- to 3-fold increased risk
for recurrent VTE in Factor V Leiden homozygotes.3? Individ-
uals doubly heterozygous for both Factor V Leiden and the
prothrombin 20210G>A mutation have a 3- to 9-fold higher
risk for recurrence than those with neither mutation and a 3-fold
higher risk than individuals heterozygous for Factor V Leiden
alone.33-83-85 However, not all studies found a high risk for
recurrence in homozygotes and double heterozygotes. In a re-
cent study of thrombophilic families, individuals homozygous
for Factor V Leiden or doubly heterozygous for Factor V
Leiden and the prothrombin 20210G>A mutations did not have
an increased risk for recurrence, even when the analysis was
restricted to those with a first idiopathic VTE.8¢ Risk estimates
were limited by the small number of homozygotes and double
heterozygotes included in these studies.

The risk for recurrent VTE is 4- to 5-fold higher in Factor V
Leiden heterozygotes with hyperhomocysteinemia than in indi-
viduals with a Factor V Leiden allele alone.8 In contrast, Factor
V Leiden heterozygotes with high Factor VIII levels did not
have a higher risk for recurrent VTE than individuals without
thrombophilia.8!

Pregnancy complications

The available data indicate that Factor V Leiden is associated
with a 2- to 3-fold increased relative risk for pregnancy loss and
possibly other complications such as preeclampsia, intrauterine
growth restriction and placental abruption. However, a Factor V
Leiden mutation is at most one of multiple predisposing factors
contributing to these adverse outcomes. Other genetic and en-

© 2011 Lippincott Williams & Wilkins
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vironmental triggers in addition to Factor V Leiden are likely
necessary for the development of pregnancy complications.
Overall, the probability of a successful pregnancy outcome is
high, even in homozygous women.””

Pregnancy loss

A large number of case-control studies found a high preva-
lence of Factor V Leiden heterozygosity (up to 30%) in women
with unexplained recurrent pregnancy loss, compared with
1-10% of controls, suggesting a 2- to 5-fold increase in
risk.11:53-55.87 In a prospective study, Factor V Leiden heterozy-
gotes with a history of recurrent early miscarriage had a signif-
icantly lower live birth rate (38%) than women with a similar
history of unsuccessful pregnancies but without the mutation
(69%).9° However, other studies found no association with
pregnancy loss and suggested the mutation has no effect on the
outcome of a subsequent pregnancy after a first fetal loss.88-90
Several meta-analyses found a strong association with fetal
loss.66.70,91,92

Some evidence suggests that women with Factor V Leiden
have a higher risk for late pregnancy loss than early first-
trimester loss.”%71-21-94 A meta-analysis found that a heterozy-
gous mutation conferred a 2-fold increased risk for a late
unexplained fetal loss and a 4-fold higher risk for loss in the
second trimester compared with the first trimester.®® Factor V
Leiden heterozygosity was associated with a 4-fold increased
risk of unexplained stillbirth and an 11-fold increased risk of
stillbirth associated with placental infarction.®> A recent study
found that homozygous women had a 5-fold higher risk of a late
fetal loss (after 12 weeks gestation) than heterozygous women
and an 11-fold higher risk than women without the mutation. In
contrast, the frequency of early (first trimester) loss was similar
in all three groups, suggesting the mutation has a stronger
association with late pregnancy loss.”” One possible explanation
is that late pregnancy losses reflect thrombosis of the placental
vessels, in contrast to first-trimester losses, which are more
commonly attributable to other causes. However, other evi-
dence suggests that Factor V Leiden also increases the risk for
early first-trimester loss.70-66-96

Other obstetric complications

Although preeclampsia, intrauterine growth restriction, and
placental abruption may also involve impaired placental perfu-
sion, their association with Factor V Leiden is controversial.
The conflicting results reported in different studies may reflect
the varying diagnostic and selection criteria, different ethnic
groups, and small number of cases included. Factor V heterozy-
gosity is more likely to be present in women with unexplained
severe and/or recurrent adverse pregnancy outcomes.”’

Preeclampsia is a complex disorder, and it is unlikely that a
single thrombophilic defect plays a major causal role. Multiple
studies including several meta-analyses found an increased risk
for preeclampsia in women with Factor V Leiden.6¢-98-100 Other
studies found no association.38:101-103 The conflicting results of
these studies suggest that Factor V Leiden heterozygosity has at
most a weak effect on the risk for preeclampsia. Factor V
Leiden has a stronger association with severe and early-onset
preeclampsia than with mild forms of the disease.”*!94 Het-
erozygous women may have a higher risk for recurrent pre-
eclampsia in a subsequent pregnancy.!?5 They may also have a
higher risk of serious maternal complications and adverse peri-
natal outcomes than women without thrombophilia.®8-105

The data on the risk for intrauterine growth restriction and
placental abruption are more limited and also conflicting. Many
studies were retrospective and underpowered to detect a signif-
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icant association.”” Several meta-analyses found a 3- to 5-fold
increased risk for fetal growth restriction with a stronger asso-
ciation with more severe growth restriction.!-9419¢ In contrast,
multiple case-control, cohort and prospective studies found no
association.88.100.101,107

CLINICAL EXPRESSION OF FACTOR V LEIDEN

The clinical expression of Factor V Leiden is influenced by
coexisting genetic and acquired thrombophilic disorders and
circumstantial risk factors (Table 5). The presence of a Factor V
Leiden allele increases the risk associated with other inherited
and acquired thrombophilic disorders. The combination of Fac-
tor V Leiden heterozygosity and most thrombophilic disorders
has a supraadditive effect on overall thrombotic risk.

Coexisting thrombophilic disorders

There is an increased prevalence of Factor V Leiden among
symptomatic patients with deficiencies of Protein C, Protein S,
and antithrombin and the prothrombin 202010G>A muta-
tion.'2! Individuals with two defects have a higher risk for
thrombosis than family members with a single defect. In
a pooled analysis of eight case-control studies, individuals with
a single Factor V Leiden or prothrombin 20210G>A allele had
a 5-fold and 4-fold increase in thrombotic risk, respectively. In
contrast, individuals doubly heterozygous for both mutations
had a 20-fold increase in relative risk, illustrating the multipli-
cative effect of these two mutations on overall thrombotic
risk.198 A prothrombin 20210G>A allele was 4- to 5-fold more
common in symptomatic Factor V Leiden homozygotes with
VTE than in controls with no thrombotic history.”®

A recent study found that individuals with a Factor V Leiden
mutation who had a first-degree relative with a history of
thrombosis had a 3-fold higher risk for VTE than Factor V
Leiden carriers with a negative family history. The risk was

Table 5 Estimated risk of venous thromboembolism in
Factor V Leiden heterozygotes with coexisting risk
factors

Coexisting risk factor Risk of VTE (odds ratio)”

PG20210G>A double 20
heterozygotes:108 100 (pregnancy-associated VTE)

Hyperhomocysteinemia!®® 22
Obesity!10 8
Oral contraceptives*o-111-114 1141

30 (cerebral vein thrombosis)

Third generation oral 50
contraceptives”! 14

HRT!15-118 7-16
Air travel!12119 14-16
Minor injury>? 50
Malignancy*>120 12

20 (upper extremity thrombosis)

“Risk relative to risk of individuals without either risk factor.

Oral contraceptives containing the third-generation progestagen desogestrel.
VTE, venous thromboembolism; PG 20210G>A, prothrombin 20210 G>A mu-
tation; HRT, hormone replacement therapy.
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increased 18-fold in those with two or more symptomatic rel-
atives. The family history had additional value in predicting risk
regardless of Factor V genotype, suggesting the presence of
unknown genetic risk factors.!??

Factor V Leiden heterozygotes with high Factor VIII levels
(>150% of normal) have a 2- to 3-fold higher incidence of VTE
than those with a heterozygous mutation alone.!?* The risk of
thrombosis is also increased in patients with Factor V Leiden
and hyperhomocysteinemia. In the Physicians’ Health Study,
individuals with either a Factor V Leiden allele or hyperhomo-
cysteinemia had a 3- to 4-fold increased risk for idiopathic VTE
compared with those with neither abnormality. The relative
thrombotic risk was increased 22-fold in individuals with both
abnormalities.!'%”

It is still unclear to what extent Factor V Leiden increases the
thrombotic risk associated with malignancy. A large population-
based case-control study found that Factor V Leiden heterozy-
gotes with malignancy had a 2-fold higher risk for VTE than
patients with cancer without the mutation and a 12-fold higher
risk than those with neither risk factor.** Individuals with cancer
and heterozygosity for Factor V Leiden or the prothrombin
20210G>A mutation had a 20-fold higher risk of developing an
upper extremity thrombosis than patients with cancer with nei-
ther prothrombotic mutation.** A Factor V Leiden mutation
may also contribute to central venous catheter-related thrombo-
sis in patients with cancer.'>* In contrast, Factor V heterozy-
gosity did not increase the risk for VTE during adjuvant che-
motherapy for breast or gastrointestinal malignancy.!'?3

Circumstantial risk factors

Other predisposing factors for VTE include central venous
catheter use, pregnancy, estrogen contraception, HRT, SERMs,
travel, injury, age, obesity, and surgery. Factor V Leiden inter-
acts with these environmental risk factors to increase the risk of
VTE. At least 50% of thrombotic episodes in individuals with
Factor V Leiden are provoked by additional predisposing fac-
tors.?” In a large cohort of symptomatic Factor V Leiden ho-
mozygotes, the initial VTE was associated with circumstantial
risk factors in 81% of women and 29% of men. Oral contra-
ceptives and pregnancy were the most common predisposing
factors in symptomatic women. Thirteen percent of major sur-
geries were complicated by VTE, suggesting an approximately
20-fold increase in risk.7®

Central venous catheters

Factor V Leiden heterozygotes have a 2- to 3-fold increased
risk for central venous catheter-related thrombosis.®> The mu-
tation increases the risk for catheter-related thrombosis in pa-
tients with advanced or metastatic breast cancer and those
undergoing allogeneic bone marrow transplantation.!26.127

Pregnancy

Factor V Leiden is found in 20—46% of women with preg-
nancy-associated VTE.#8-5! The mutation is associated with an
8- to 52-fold increase in thrombotic risk during pregnancy and
the puerperium, when compared with nonpregnant women with-
out thrombophilia.®®-67 The overall risk is higher in women with
coexisting acquired or circumstantial risk factors, such as obe-
sity and advanced maternal age.5! Women with multiple or
homozygous thrombophilic defects have the highest risk for
pregnancy-associated VTE. The risk is increased 20- to 40-fold
in women with homozygous Factor V Leiden.6%73.74 In one
study, the risk for pregnancy-associated VTE was increased
9-fold in Factor V Leiden heterozygotes, 15-fold in prothrombin
20210G>A heterozygotes, and more than 100-fold in double

heterozygotes, illustrating the marked increase in overall risk
when thrombophilic mutations are combined.*® In studies of
thrombophilic families, VTE complicated 4% of pregnancies in
women doubly heterozygous for Factor V Leiden and the pro-
thrombin 20210G>A mutation and 16% of pregnancies in
Factor V Leiden homozygotes, compared with 0.5% of those of
unaffected relatives.’*!28 However, another family study found
a lower risk in doubly heterozygous women. There were no
VTE events during pregnancy, and postpartum VTE compli-
cated 1.8% of pregnancies.!?® The prevalence of pregnancy-
related VTE was 9% in a series of unselected homozygous
women.!30

Although Factor V Leiden increases the relative risk for
VTE during pregnancy and the pueperium, the absolute risk
in asymptomatic heterozygotes is not well defined. The avail-
able evidence suggests that the absolute incidence of throm-
bosis during pregnancy is low. Two prospective studies of
unselected pregnant women screened for Factor V Leiden
both reported very low rates of VTE in heterozygotes (1.1%
and 0%, respectively).101-131 No VTE events occurred during
pregnancy or postpartum among a cohort of 129 women with
Factor V Leiden identified by population screening.?> In several
retrospective studies and meta-analyses, the estimated risk for
pregnancy-associated VTE for heterozygous women was in the
range of 1 in 125-400 pregnancies. Women with homozygous
Factor V Leiden or combined thrombophilia have a much
higher probability of VTE, in the range of 1 in 20 to 1 in 100
pregnancies.00:48.73,74

Oral contraceptives

The use of oral contraceptives substantially increases the risk
for VTE in women heterozygous for Factor V Leiden. A het-
erozygous mutation is found in 20—60% of women with a
history of VTE during oral contraceptive use.**-52 In the Leiden
Thrombophilia study, the risk for VTE was increased 4-fold in
oral contraceptive users and 7-fold in women heterozygous for
Factor V Leiden. However, the risk was increased 30-fold in
heterozygous women who used oral contraceptives, indicating a
multiplicative rather than additive effect on overall thrombotic
risk.”> The supraadditive effect of a Factor V Leiden allele and
oral contraceptives was confirmed in other studies and a meta-
analysis with odds ratios ranging from 11 to 41 for the combi-
nation of both risk factors.!!!-113.115 Heterozygous women who
use oral contraceptives have a 30-fold higher risk for cerebral
vein thrombosis than nonusers without the mutation.*¢

The risk for VTE is increased more than 100-fold in women
homozygous for Factor V Leiden who use oral contraceptives.”s
The risk is also markedly increased in oral contraceptive users
who are doubly heterozygous for Factor V Leiden and the
prothrombin 20210G>A mutation with reported odds ratios
ranging from 17 to 110.132 Women with inherited thrombophilic
disorders such as Factor V Leiden tend to develop thrombotic
complications sooner, with a much higher risk for thrombosis
during the first year of oral contraceptive use.!33

Oral contraceptives containing the third-generation progesta-
gen desogestrel are associated with a 2-fold higher risk for VTE
than second generation preparations, and the risk is especially
high in Factor V Leiden heterozygotes. The risk was increased
50-fold in Factor V Leiden heterozygotes who used third-
generation preparations, compared with women without the
mutation who were not using oral contraceptives.!!# Despite the
marked increase in relative risk, the absolute incidence of VTE
may still be low because of the low baseline risk in young
healthy women. For example, the combination of Factor V
Leiden and oral contraceptives is estimated to result in an
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additional 28 VTE events per 10,000 women per year.” In a
prospective cohort study of asymptomatic women with Factor V
Leiden, the risk of VTE was 1.8% per year of oral contraceptive
use.!3* Long-term oral contraceptive use without thrombotic
complications has been reported, underscoring the multifacto-
rial etiology of VTE.133

Hormone replacement therapy

The relative risk for VTE is increased 2- to 4-fold in current
users of HRT compared with nonusers.!3¢!37 The landmark
Women’s Health Initiative randomized trial of estrogen and
progesterone HRT versus placebo in postmenopausal women
found that HRT was associated with a 2-fold increased risk for
VTE."37” Women with Factor V Leiden who use HRT have a 7-
to 15-fold increased risk for VTE compared with nonusers
without the mutation.!'5-118 In a prospective cohort study of
asymptomatic women with Factor V Leiden, the risk of VTE
was 2.9% per year of HRT use.!34 The 2- to 4-fold increase in
thrombotic risk with HRT is similar to the risk observed with
oral contraceptives. However, because of the higher baseline
incidence of VTE, the absolute risk is much higher in older
postmenopausal women with and without Factor V Leiden (Fig.
1). The estimated absolute incidence of VTE in postmenopausal
women with Factor V Leiden who use HRT ranges from 8 to 15
VTE events per 1000 women per year, compared with two VTE
events per 1000 women per year for nonusers without the
mutation.!17.118

There is increasing evidence that transdermal estrogen is
associated with a lower thrombotic risk than the oral route in
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Fig. 1. Estimated excess venous thromboembolism
(VTE) events attributable to oral contraceptive (OC) use
in premenopausal women with and without Factor V
Leiden (FVL) and to hormone replacement therapy
(HRT) in postmenopausal women with coronary heart
disease with and without FVL. Estimates of excess VTE
events assume a baseline incidence of 1 VTE/10,000
women/year in premenopausal women and 23 VTE/
10,000 women/year in postmenopausal women with-
out either risk factor.75.117,136
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postmenopausal women.!'38-140 Preliminary data suggest the use
of transdermal estrogen may not confer additional thrombotic
risk in women with thrombophilic mutations. In a case-control
study, postmenopausal women with Factor V Leiden who used
oral estrogen had a 16-fold higher risk for VTE than nonusers
without the mutation. In contrast, women with Factor V Leiden
who used transdermal estrogen had a lower thrombotic risk
similar to that of women with the mutation who did not use
estrogen. Among women with Factor V Leiden, the use of oral
estrogen was associated with a 4-fold higher risk for VTE than
transdermal estrogen.!4! However, there are no prospective
randomized trials confirming the safety of transdermal HRT in
women with thrombophilia.

Selective estrogen receptor modulators

SERMs such as tamoxifen and raloxifene are associated with
a 2- to 3-fold increased risk of VTE, similar to the risk of HRT.
The risk for VTE in women with Factor V Leiden who use
SERMs is not well defined but likely higher than that associated
with SERM use alone, in light of the interaction of the mutation
with HRT. Factor V Leiden had no significant effect on the risk
of VTE associated with tamoxifen in two case-control studies of
high-risk healthy women enrolled in breast cancer prevention
trials.!42.143 However, both studies were limited by the small
number of cases included. The risk for thromboembolic com-
plications during adjuvant tamoxifen for early-stage breast can-
cer was approximately 5-fold higher in Factor V Leiden het-
erozygotes than in women without the mutation receiving the
same therapy. Factor V Leiden heterozygosity was found in
19% of women who developed thromboembolism compared
with 5% of women without these complications.!'44

Travel

Extended travel is a risk factor for VTE, and the risk is higher
in individuals with Factor V Leiden. The combination of air
travel and thrombophilia (including Factor V Leiden) is asso-
ciated with a 14- to 16-fold increased risk for VTE.!12.119

Age

The risk and incidence of VTE increases with age. The risk
increases at a greater rate with advancing age in individuals
with a Factor V Leiden mutation, suggesting that thrombosis
involves acquired and genetic predisposing factors.!#> In the
Physicians’ Health Study, the mutation was found in approxi-
mately one third of men older than 60 years with an initial
spontaneous thrombotic event.

In a population-based cohort study, the risk for VTE was
significantly increased only among Factor V Leiden heterozy-
gotes older than 60 years (relative risk 3.6).3> Another prospec-
tive study found that the absolute risk for VTE in unselected
individuals with Factor V Leiden increased with age, body mass
index (BMI), and smoking. The 10-year risk for VTE among
heterozygotes was 10% in smokers older than 60 years with a
BMI >30 kg/m?, in contrast to a <1% risk in nonsmokers
younger than 40 years who were not overweight. The corre-
sponding absolute 10-year thrombotic risks for Factor V Leiden
homozygotes with and without these risk factors were 51% and
3%, respectively.”?

Minor injury

A large population-based study found that minor leg injuries
are associated with a 5-fold increased risk for VTE. Factor V
Leiden carriers with a minor leg injury had a 50-fold higher
thrombotic risk than individuals without these risk factors.5?
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Obesity

Obesity increases the risk of VTE in Factor V Leiden
heterozygotes. In one study, obesity (BMI >30 kg/m?) was
associated with a 2.5-fold increased risk of VTE. The risk
was increased 8-fold in obese individuals with Factor V
Leiden and approximately 6-fold in overweight (BMI =25
and <30 kg/m?) individuals with the mutation.!!0

Surgery

It is still unclear to what extent Factor V Leiden adds to the
overall thrombotic risk associated with surgery. In a study of
unselected families with Factor V Leiden, surgery was a com-
mon predisposing factor for VTE in relatives with the muta-
tion.3? Several studies suggested the mutation was associated
with a 5-fold increased risk of symptomatic VTE after ortho-
pedic and other surgery.*!-146.147 Factor V Leiden heterozygotes
undergoing surgery had an approximately 13-fold higher risk
for upper extremity DVT than controls with neither risk fac-
tor.** In contrast, other studies found no significant associa-
tion.!48:149 Factor V Leiden homozygotes had an approximately
20-fold increased risk for VTE after surgery, especially urologic
and orthopedic procedures.”®

THROMBOSIS NOT CONVINCINGLY
ASSOCIATED WITH FACTOR V LEIDEN

Arterial thrombosis

The role of Factor V Leiden in arterial disease is controver-
sial with conflicting results from different studies. The available
evidence suggests that Factor V Leiden is not a major risk factor
for arterial thrombosis. The majority of myocardial infarctions
and strokes occur in the presence of established cardiovascular
risk factors such as hypertension, hyperlipidemia, diabetes, and
smoking. The contribution of a single prothrombotic mutation
to these complex diseases is likely to be small. However, it is
possible that Factor V Leiden may interact with other genetic
and environmental risk factors to promote arterial thrombosis.
Most studies of unselected adult populations found no associ-
ation between Factor V Leiden and an increased risk for myo-
cardial infarction or stroke.'3°-152 In contrast, a large meta-
analysis found that a Factor V Leiden allele conferred a
moderately increased risk for coronary disease and myocardial
infarction.!33 There is also data suggesting the mutation may
contribute to the risk for arterial thrombotic events in specific
subgroups of individuals. The risk for arterial thrombosis in
Factor V Leiden homozygotes is unknown, as very few were
included in the available studies.

Myocardial infarction

There is some evidence that Factor V Leiden may contribute
to myocardial infarction in younger individuals and in those
with other traditional cardiovascular risk factors. One study
found an increased risk for myocardial infarction in young
women with other cardiovascular risk factors, particularly
smoking. Factor V Leiden heterozygotes who smoked had a
30-fold increased risk for myocardial infarction compared with
women with neither risk factor.!’* In another recent study, a
Factor V Leiden mutation was associated with an approximately
2-fold increased risk of premature myocardial infarction (before
the age of 45 years). The combination of hypercholesterolemia
and a Factor V Leiden allele increased the risk approximately
4-fold.'35 Other studies also found the combination of Factor V
Leiden and one or more established cardiovascular risk factors
substantially increased the risk of acute myocardial infarction.

The combination of a thrombophilic mutation and smoking
conferred the highest risk, with reported odds ratios ranging
from 6 to 18.156:157

Stroke

Most studies of unselected adult populations did not find a
significant association between Factor V Leiden and ischemic
stroke.!50-158 The prevalence of Factor V Leiden was similar in
unselected individuals with severe carotid atherosclerosis and
healthy controls.'>® Although Factor V Leiden is not a major risk
factor for stroke, it may contribute in certain populations. Factor V
Leiden was associated with a 3-fold increased risk for stroke in
individuals younger than 45-50 years. The risk was even higher
among women in this age group (odds ratio range: 4—6).160.161

The interaction of Factor V Leiden with other cardiovascular
risk factors may increase the risk for ischemic stroke. Young
women with a Factor V Leiden allele who use oral contracep-
tives have a 9- to 13-fold increased risk for stroke, compared
with women without either risk factor.'9163 Women younger
than 60 years with Factor V Leiden who smoked had a approx-
imately 9-fold higher risk of stroke than nonsmokers without
the mutation.!® In these studies, Factor V Leiden increased the
risk of stroke only in women with these other risk factors. The
combination of a Factor V Leiden allele and one or more
traditional cardiovascular risk factors was associated with a
approximately 11-fold increase in stroke risk.'®® A recent study
found that Factor V Leiden heterozygotes with a first ischemic
stroke were significantly more likely to have widespread ath-
erosclerotic vascular disease and multiple silent infarctions than
stroke patients without the mutation.'®* A high prevalence of
Factor V Leiden or the prothrombin 20210G>A mutation was
found in patients with a cryptogeneic stroke and a patent fora-
men ovale (PFO), suggesting the possibility of paradoxical
embolism.'®> A meta-analysis found that individuals with a
Factor V Leiden or prothrombin 20210G>A mutation had a
approximately 2-fold increased risk for PFO-related stroke
compared with both control and non-PFO-associated stroke
patients. !¢

GENOTYPE-PHENOTYPE CORRELATIONS

Individuals homozygous for Factor V Leiden have a higher
risk for thrombosis than heterozygotes (Table 4). However, the
clinical course of an acute thrombotic episode is not more
severe or resistant to anticoagulation in homozygotes than in
heterozygotes. The thrombotic risk in homozygotes is also
substantially lower than the risk of homozygous Protein C or S
deficiency.

Factor V Leiden and Factor V deficiency

“Pseudohomozygous” Factor V Leiden occurs in individuals
who are doubly heterozygous for Factor V Leiden and a Factor
V null mutation. Coinheritance of a Factor V null allele occurs
in approximately 1:1000 individuals heterozygous for Factor V
Leiden. Rather than attenuating the effect of a Factor V Leiden
allele, a coexisting Factor V deficiency enhances it, producing a
more severe APC-resistant phenotype, reflected by an extremely
low APC resistance ratio, indistinguishable from that of a ho-
mozygous mutation.'¢” The diagnosis of pseudohomozygous
Factor V Leiden is based on the combination of a heterozygous
Factor V Leiden mutation, low-plasma Factor V activity level
(approximately 50% of normal), and a low APC resistance ratio
in the range typical for a homozygous mutation. Factor V
Leiden pseudohomozygotes seem to have an increased throm-
botic risk and clinical phenotype similar to that of Factor V
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Leiden homozygotes.!®® Pseudohomozygous APC resistance
has also been reported in individuals doubly heterozygous for
Factor V Leiden and Factor V Cambridge.!¢®

In rare case, both a null allele and Factor V Leiden mutation
occur on the same chromosome in cis configuration. In these
individuals, the resulting quantitative Factor V deficiency pre-
vents expression of the Factor V Leiden mutation.!7°

HR2 haplotype

A Factor V gene haplotype (HR2) defined by the R2
polymorphism (4070A>G) is in complete linkage disequi-
librium with Factor V Leiden and may confer mild APC
resistance® (Table 6). It may interact with the Factor V
Leiden mutation to produce a more severe APC resistance
phenotype.!71-177 Coinheritance of the HR2 haplotype in-
creased the risk for VTE associated with Factor V Leiden by
approximately 3-fold.'72 It is controversial whether the HR2
haplotype is associated with an increased thrombotic risk in the
absence of Factor V Leiden.¢2.171,178,179

GENETICALLY RELATED (ALLELIC) DISORDERS

Two different mutations at the Arg306 APC cleavage site in
Factor V have been reported, only one of which is associated
with APC resistance (Table 6). A G-to-C point mutation, which
predicts the replacement of Arg with Thr at position 306 (Factor
V Cambridge), was identified in a British individual with a
history of thrombosis and APC resistance in the absence of a
Factor V Leiden mutation.!”3 However, the mutation was not
found in several series of individuals with VTE or healthy
controls, suggesting it is a very rare Factor V variant.!73.180

A different mutation in the same codon predicting an Arg-
to-Gly substitution was identified in two Chinese individuals
with a history of thrombosis. The Arg306Gly mutation (Factor
V Hong Kong) was not associated with APC resistance in the
single individual tested with a coagulation screening test.!7 The
clinical significance of the Arg306Gly mutation is unclear be-
cause it was found in a similar percentage of healthy Hong
Kong Chinese blood donors (4.5%) and individuals with a
history of thrombosis (4.7%).174.17

A missense mutation in Factor V, 11e359Thr (Factor V Liv-
erpool) was identified in several family members with recurrent
thrombosis.!®! Factor V Liverpool showed resistance to APC
and impaired cofactor activity for APC similar to that of Factor
V Leiden.!7¢ Although the available evidence suggests that the
Arg306Thr, Arg306Gly, and 1le359Thr mutations are not major
risk factors for thrombosis, they may contribute when combined
with other genetic or acquired risk factors. There are anecdotal
reports of double heterozygosity for Factor V Leiden and Factor
V Cambridge.'®

PENETRANCE

Factor V Leiden heterozygotes identified by general popula-
tion screening have a low absolute incidence of VTE of approx-
imately two VTE events/1000 persons/year and a cumulative
incidence of VTE of 6.5% at 65 years. The absolute incidence
in homozygotes is in the range of 15 VTE events/1000 persons/
year.3572

The risk for thrombosis is higher in studies of asymptomatic
Factor V Leiden heterozygotes from thrombophilic families
than in unselected individuals identified by population screen-
ing. Multiple retrospective studies of relatives of unselected
symptomatic and asymptomatic Factor V Leiden heterozygotes
consistently found a low thrombotic risk, even during high-risk
circumstances such as pregnancy surgery and immobilization.
The absolute incidence of VTE ranged from 0.19%/year to
0.49%/year, compared with 0.05%/year to 0.10%/year in indi-
viduals without the mutation.37.03.182.183 VTE occurred in
7-12% of relatives with Factor V Leiden heterozygosity, com-
pared with 2-3% of relatives without the mutation, consistent
with other estimates that the lifetime risk for thrombosis is
approximately 10%. Multiple prospective cohort studies found
a similar low incidence of VTE in asymptomatic Factor V
Leiden heterozygotes, in the range of 0.1%/year—0.67%/year.
At least 50% of thrombotic events were associated with other
risk factors.!34.184.185 The absolute risk for VTE is much higher
in relatives with homozygous Factor V Leiden (1.30%/year) and
those with Factor V Leiden in combination with other throm-
bophilic defects (0.62%/year—1.54%/year).o3

DIFFERENTIAL DIAGNOSIS

The differential diagnosis of VTE includes other inherited
and acquired thrombophilic disorders. Because these disorders
are not clinically distinguishable, laboratory testing is required
for diagnosis in each case.

Inherited disorders

e The prothrombin 20210G > A mutation in the 3" untrans-
lated region of the gene encoding prothrombin is found in
2% of the general population, 6% of individuals presenting
with a first VTE, and up to 18% of individuals with a
personal and family history of thrombosis.!8¢ Double het-
erozygosity for both Factor V Leiden and the prothrombin
20210G>A mutation occurs in approximately 1 in 1000 in
the general population and 1-5% of individuals with
VTE.83.108

Table 6 Selected Factor V allelic variants

DNA nucleotide  Protein amino

Allelic variant change acid change Clinical significance

R2 polymorphism!7!.172 4070 A>G His1299Arg Increases APC resistance and VTE risk associated with Factor V Leiden
Factor V Cambridge®!73 1091 G>C Arg306Thr Uncertain; rare variant; confers APC resistance

Factor V Hong Kong®:174.175 1090 A>G Arg306Gly Uncertain, found in 4.7% Hong Kong Chinese with and 4.5% without VTE
Factor V Liverpool®!7 1250 T>C 11e359Thr Uncertain; confers APC resistance

Factor V Leiden®!-62 1691 G>A Arg506GIn APC resistance and 3- to 8-fold increased risk of VTE
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e Inherited deficiencies or abnormalities of the natural anti-
coagulant Proteins C, Protein S, and antithrombin are
approximately 10-fold less common than Factor V Leiden,
with a combined prevalence of <1% of the population.!8”
Anticoagulant protein deficiencies are found in 1-3% of
individuals with a first VTE.

e Elevated levels of lipoprotein(a) are associated with pre-
mature atherosclerosis and may also be a risk factor for
venous thrombosis.

e Hereditary dysfibrinogenemias are rare and infrequently
cause thrombophilia and thrombosis.

e A specific point mutation in the MTHFR gene (677C>T)
encoding methylenetetrahydrofolate reductase results in a
variant thermolabile enzyme with reduced activity for the
remethylation of homocysteine. Homozygosity for the 677C>T
mutation occurs in 10—20% of the general population and
predisposes to mild hyperhomocysteinemia, usually in the
setting of suboptimal folate levels. However, the MTHFR
677C>T mutation is not associated with an increased risk for
VTE independent of plasma homocysteine levels.!s8

Acquired disorders

e APC resistance: Although Factor V Leiden accounts for
95% of cases of APC resistance, 5% of cases occur in the
absence of a Factor V Leiden allele. Depending on the
screening assay used, acquired APC resistance can be caused
by high Factor VIII levels, pregnancy, use of oral contracep-
tives, or the presence of antiphospholipid antibodies. APC
resistance in the absence of Factor V Leiden is also a risk
factor for VTE.!8%190 In rare cases, other genetic abnormal-
ities may produce an APC-resistant phenotype.!73

e Antiphospholipid antibodies comprise a heterogeneous
group of autoantibodies directed against proteins bound to
phospholipid. Criteria for the diagnosis of the antiphos-
pholipid antibody syndrome include the following:

A history of arterial or VTE

OR one or more unexplained fetal deaths (>10 weeks
of gestation) or three or more unexplained miscarriages
AND

Persistent anticardiolipin antibodies OR antibeta2-
glycoprotein 1 antibodies OR a lupus inhibitor on at least
two occasions of testing 3 months apart.

Persistent lupus inhibitors, high-titer IgG anticardiolipin an-
tibodies, and antibeta2 glycoprotein 1 antibodies are most
strongly associated with arterial and VTE.!"!

e A high level of homocysteine occurs in 10% of individ-
uals with a first VTE and is associated with a 2- to 3-fold
increase in relative risk. The plasma level of homocys-
teine reflects genetic and environmental factors and is
more directly associated with thrombotic risk than molec-
ular genetic testing of the MTHFR gene.

e High clotting factor levels: An elevated Factor VIII level
>150% of normal is associated with a 4- to 5-fold increase
in risk of VTE and also increases the risk for recur-
rence.!92-194 High levels of both Factor IX and Factor
XI are associated with a 2-fold increased risk of
VTE.195.196 Elevated levels of both Factor VIII and
Factor IX confer an 8-fold increased risk of VTE.1%5 A
high prothrombin level >110-115% of normal is asso-
ciated with a 2-fold increased risk for VTE in the absence
of prothrombin 20210G>A heterozygosity.!!!.186

10

e Although abnormalities in other coagulation or fibrino-
lytic proteins including PAI-1, tissue factor pathway in-
hibitor, thrombin activatable fibrinolysis inhibitor, and
Protein Z have been reported in patients with venous
thrombosis, a causal association has not been established.

MANAGEMENT

Evaluation after initial diagnosis

Individuals heterozygous or homozygous for Factor V Lei-
den should be tested for other thrombophilic disorders to assess
the risk for thrombosis. Factor V Leiden often coexists with
other inherited and/or acquired disorders. Testing should in-
clude the following:

e DNA testing for the prothrombin 20210G>A mutation.

e Serologic assays for anticardiolipin antibodies and
antibeta2glycoprotein 1 antibodies.

e Multiple phospholipid-dependent coagulation assays for a
lupus inhibitor.

The evaluation of high-risk individuals (i.e., those with a
history of recurrent VTE, especially at a young age, or those
with a strong family history of VTE at a young age) should also
include assays of the following:

e Protein C activity.
e Antithrombin activity.
e Free Protein S antigen or Protein S activity.

Although routine measurement of Factor VIII levels is not
recommended, testing may be useful in selected cases. It is still
unclear whether clotting factor levels should be included in a
thrombophilia evaluation.!” Measurement of homocysteine
levels is no longer routinely included because lowering homo-
cysteine levels with vitamin supplementation has not been
shown to reduce the risk of recurrent venous or arterial throm-
bosis.!® There is also no clinical rationale for DNA testing for
MTHFR polymorphisms.

Treatment of manifestations

The management of individuals with Factor V Leiden de-
pends on the clinical circumstances.

The first acute VTE should be treated according to standard
guidelines with a course of low molecular weight heparin
(LMWH) or intravenous unfractionated heparin. Warfarin is
started concurrently with LMWH (except during pregnancy) and
monitored with the international normalized ratio (INR).!*° A
target INR of 2.5 (therapeutic range: 2.0-3.0) provides effective
anticoagulation, even in individuals with homozygous Factor V
Leiden.2°° LMWH and warfarin should be overlapped for at least
5 days and until the INR has been within the therapeutic range on
two consecutive measurements over 2 days.

Decisions regarding the duration of anticoagulation should
be based on an assessment of the risks for VTE recurrence and
anticoagulant-related bleeding. Approximately 30% of individ-
uals with an incident VTE develop recurrent thrombosis within
the subsequent 10 years.20! Individuals with a spontaneous VTE
and no identifiable provoking factors require a longer course of
anticoagulation. Anticoagulation for at least 3 months is recom-
mended for individuals with VTE associated with a transient
(reversible) risk factor.!®® The optimal duration of anticoagula-
tion for Factor V Leiden heterozygotes is debated. Factor V
Leiden heterozygosity is generally not an indication for long-
term anticoagulation in the absence of other indications. The
presence of hereditary thrombophilia was not a major factor
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determining the duration of anticoagulation in the 2008 Amer-
ican College of Chest Physicians Guidelines on Antithrombotic
Therapy, based on evidence that these disorders are not major
determinants of recurrence risk.

Long-term anticoagulation is recommended for individuals
with a first or recurrent unprovoked VTE and no risk factors for
bleeding with good anticoagulation monitoring. It should also
be considered in individuals with homozygous Factor V Leiden
or with multiple thrombophilic disorders.!*® In these individuals
at high risk for recurrence, the potential benefits from long-term
warfarin may outweigh the bleeding risks.

Prevention of primary manifestations

In the absence of a history of thrombosis, long-term anticoag-
ulation is not recommended for asymptomatic Factor V Leiden
heterozygotes, because the 1-3%/year risk of major bleeding from
warfarin is greater than the estimated <<1%/year risk for thrombo-
sis. Because the initial VTE in Factor V Leiden heterozygotes
occurs in association with other circumstantial risk factors in 50%
of cases, a course of prophylactic anticoagulation during high-risk
clinical settings such as surgery, pregnancy, or prolonged immo-
bilization may prevent some of these episodes. However, there is
no evidence confirming the benefit of primary prophylaxis for
asymptomatic Factor V Leiden heterozygotes. Decisions regarding
prophylactic anticoagulation should be based on a risk/benefit
assessment in each individual case. Recommendations for prophy-
laxis at the time of surgery and other high-risk situations are
available in consensus guidelines.?0?

Pregnancy

There is no consensus on the optimal management of women
with Factor V Leiden during pregnancy. Prophylactic anticoag-
ulation is not routinely recommended in asymptomatic het-
erozygous women with no history of thrombosis.??3? These
women should be warned about potential thrombotic complica-
tions and counseled about the risks and benefits of anticoagu-
lation during pregnancy. They should also be offered a 4- to
6-week course of anticoagulation after delivery, as the greatest
thrombotic risk is in the initial postpartum period.?° Prophylac-
tic anticoagulation is recommended for women with Factor V
Leiden and a history of prior unprovoked VTE. LMWH (or
unfractionated heparin) is given during pregnancy, followed by
a 4- to 6-week course of postpartum anticoagulation.?-3° Pro-
phylactic anticoagulation should also be considered for het-
erozygous women with a prior estrogen-related thrombosis (as-
sociated with oral contraceptive use or pregnancy) who are also
at increased risk for recurrence.29-203.204 [t may also be appro-
priate for asymptomatic homozygotes or women doubly het-
erozygous for Factor V Leiden and prothrombin 20210G>A
mutations or with other combined thrombophilic defects, espe-
cially those with coexisting circumstantial risk factors.2%-3°

Prevention of pregnancy complications

The results of observational studies and two randomized
trials suggest that prophylaxis with LMWH may improve preg-
nancy outcome in women with thrombophilia and a history of
unexplained recurrent miscarriage or late pregnancy loss.205-207
In contrast, other studies found no benefit of LMWH on preg-
nancy outcome.203209 There are no prospective randomized
trials including an untreated control group confirming the ben-
efit of LMWH in preventing pregnancy loss in women with
inherited thrombophilia. American College of Chest Physicians
2008 and recent obstetric consensus guidelines and expert opin-
ion do not routinely recommend antithrombotic therapy for
women with Factor V Leiden and pregnancy loss because of a
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lack of sufficient evidence confirming benefit.2°—31.97 Anti-
thrombotic prophylaxis may be considered in selected women
with Factor V Leiden and unexplained recurrent or late preg-
nancy loss after an informed discussion of the risks and the
limited data suggesting benefit. Assessment of the maternal
thrombotic risk during pregnancy should be incorporated into
the decision regarding prophylaxis.

There is currently no evidence that antithrombotic therapy
reduces the risk of preeclampsia or other pregnancy complica-
tions in women with thrombophilia including Factor V Leiden.
LMWH is not routinely recommended for thrombophilic
women with a history of preeclampsia or other adverse preg-
nancy outcomes.??-30

GENETIC COUNSELING

Because of the high prevalence of Factor V Leiden in the
general population, the genetic status of both parents and/or the
reproductive partner of an affected individual must be deter-
mined before information regarding potential risks to siblings or
offspring can be provided.

Proband heterozygous for Factor V Leiden

Heterozygosity for Factor V Leiden and the associated risk
for VTE are inherited in an autosomal dominant manner. If one
parent is heterozygous, each sibling is at 50% risk of being
heterozygous for the Factor V Leiden allele. If one parent is
homozygous, each sibling has 100% chance of inheriting a
heterozygous mutation. If both parents are heterozygous, each
sibling of the proband has a 25% chance of being homozygous,
a 50% chance of being heterozygous, and a 25% chance of
inheriting both normal Factor V alleles.

Each offspring of a Factor V Leiden heterozygote has a 50%
chance of inheriting the mutation. If the proband’s reproductive
partner is heterozygous, each offspring has a 25% chance of
being homozygous, a 50% chance of being heterozygous, and a
25% chance of inheriting both normal Factor V alleles.

Proband homozygous for Factor V Leiden

Homozygosity for Factor V Leiden and the associated much
greater thrombotic risk are inherited in an autosomal recessive
manner. If both parents are heterozygotes, the siblings of the
proband have a 25% chance of being homozygous, a 50%
chance of being heterozygous, and a 25% chance of inheriting
both normal Factor V alleles. If one parent is homozygous and
the other parent is heterozygous, each sibling has a 50% chance
of being homozygous for Factor V Leiden and a 50% chance of
being heterozygous.

Each offspring of a Factor V Leiden homozygote has 100%
chance of inheriting one Factor V Leiden allele. If the proband’s
reproductive partner is heterozygous, each offspring has a 50%
chance of being homozygous and a 50% chance of inheriting a
heterozygous mutation.

Testing at-risk family members

The genetic status of asymptomatic at-risk family members
can be established using molecular testing; however, the indi-
cations for family testing are unresolved. Because heterozygos-
ity for Factor V Leiden confers only a mildly increased risk for
thrombosis, routine testing of at-risk family members is not
recommended. In the absence of evidence that early diagnosis
of Factor V Leiden reduces morbidity or mortality, decisions
regarding testing should be made on an individual basis. Clar-
ification of Factor V Leiden allele status may be useful in
women considering hormonal contraception or pregnancy, and
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in families with other known thrombophilic disorders and/or a
strong history of recurrent venous thrombosis at young age.
At-risk family members often request testing before exposure to
recognized risk factors or from a desire to know their status.
Asymptomatic relatives younger than 18 years are not usually
tested because thrombosis rarely occurs before young adult-
hood, even in homozygotes.

Individuals requesting testing for Factor V Leiden and those
identified as heterozygotes or homozygotes should be counseled
on the signs and symptoms of VTE that require immediate
medical attention, and the potential need for prophylactic anti-
coagulation in high-risk circumstances. They should be in-
formed that although Factor V Leiden is an established risk
factor, it does not predict thrombosis with certainty because the
clinical course is variable even within the same family.

10.

11.

12.

13.

14.

15.

17.

19.

20.

12

REFERENCES

Dahlbéck B, Carlsson M, Svensson PJ. Familial thrombophilia due to a
previously unrecognized mechanism characterized by poor anticoagulant
response to activated protein C: prediction of a cofactor to activated protein
C. Proc Natl Acad Sci USA 1993;90:1004—-1008.

Bertina RM, Koeleman BP, Koster T, et al. Mutation in blood coagulation
factor V associated with resistance to activated protein C. Nature 1994;
369:64—67.

Ridker PM, Hennekens CH, Lindpaintner K, Stampfer MJ, Eisenberg PR,
Miletich JP. Mutation in the gene coding for coagulation factor V and the
risk of myocardial infarction, stroke, and venous thrombosis in apparently
healthy men. N Engl J Med 1995;332:912-917.

Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk of
thrombosis in patients homozygous for factor V Leiden (activated protein
C resistance). Blood 1995;85:1504—1508.

Dahlbick B. Advances in understanding pathogenic mechanisms of throm-
bophilic disorders. Blood 2008;112:19-27.

Segers K, Dahlbick B, Nicolaes GA. Coagulation factor V and thrombo-
philia: background and mechanisms. Thromb Haemost 2007;98:530-542.
Martinelli I, Bottasso B, Duca F, Faioni E, Mannucci PM. Heightened
thrombin generation in individuals with resistance to activated protein C.
Thromb Haemost 1996;75:703-705.

Zoller B, Holm J, Svensson P, Dahlbéck B. Elevated levels of prothrombin
activation fragment 1 + 2 in plasma from patients with heterozygous
Arg506 to Gln mutation in the factor V gene (APC-resistance) and/or
inherited protein S deficiency. Thromb Haemost 1996;75:270-274.
Mazoyer E, Ripoll L, Gueguen R, et al. Prevalence of factor V Leiden and
prothrombin G20210A mutation in a large French population selected for
nonthrombotic history: geographical and age distribution. Blood Coagul
Fibrinolysis 2009;20:503-510.

Rees DC, Cox M, Clegg JB. World distribution of factor V Leiden. Lancet
1995;346:1133-1134.

Ridker PM, Miletich JP, Hennekens CH, Buring JE. Ethnic distribution of
factor V Leiden in 4047 men and women. Implications for venous throm-
boembolism screening. JAMA 1997;277:1305-1307.

Zoller B, Norlund L, Leksell H, et al. High prevalence of the FVR506Q
mutation causing APC resistance in a region of southern Sweden with a
high incidence of venous thrombosis. Thromb Res 1996;83:475-477.
Takamiya O, Ishida F, Kodaira H, Kitano K. APC-resistance and Mnl I
genotype (Gln 506) of coagulation factor V are rare in Japanese population.
Thromb Haemost 1995;74:996.

ITrani-Hakime N, Tamim H, Kreidy R, Almawi WY. The prevalence of
factor V. R506Q mutation-Leiden among apparently healthy Lebanese.
Am J Hematol 2000;65:45—-49.

Awidi A, Shannak M, Bseiso A, et al. High prevalence of factor V Leiden
in healthy Jordanian Arabs. Thromb Haemost 1999;81:582-584.

Lee DH, Henderson PA, Blajchman MA. Prevalence of factor V Leiden in
a Canadian blood donor population. CMAJ 1996;155:285-289.

Rahimi Z, Vaisi-Raygani A, Mozafari H, Kharrazi H, Rezaei M, Nagel RL.
Prevalence of factor V Leiden (G1691A) and prothrombin (G20210A)
among Kurdish population from Western Iran. J Thromb Thrombolysis
2008;25:280-283.

Zivelin A, Griffin JH, Xu X, et al. A single genetic origin for a common
Caucasian risk factor for venous thrombosis. Blood 1997;89:397-402.
Lindqvist PG, Zéller B, Dahlbiack B. Improved hemoglobin status and
reduced menstrual blood loss among female carriers of factor V Lei-
den—an evolutionary advantage? Thromb Haemost 2001;86:1122—
1123.

Lindgvist PG, Svensson PJ, Dahlbick B, Marsal K. Factor V Q506 muta-
tion (activated protein C resistance) associated with reduced intrapartum

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

blood loss—a possible evolutionary selection mechanism. Thromb Hae-
most 1998;79:69-73.

Donahue BS, Gailani D, Higgins MS, Drinkwater DC, George AL Jr.
Factor V Leiden protects against blood loss and transfusion after cardiac
surgery. Circulation 2003;107:1003—1008.

Nichols WC, Amano K, Cacheris PM, et al. Moderation of hemophilia A
phenotype by the factor V R506Q mutation. Blood 1996;88:1183-1187.
Lee DH, Walker IR, Teitel J, et al. Effect of the factor V Leiden mutation
on the clinical expression of severe hemophilia A. Thromb Haemost
2000;83:387-391.

Kapiotis S, Quehenberger P, Jilma B, et al. Improved characteristics of
aPC-resistance assay: Coatest aPC resistance by predilution of samples
with factor V deficient plasma. 4m J Clin Pathol 1996;106:588-593.
Grody WW, Griffin JH, Taylor AK, Korf BR, Heit JA, ACMG Factor V
Leiden Working Group. American College of Medical Genetics consensus
statement on factor V Leiden mutation testing. Genet Med 2001;3:139—
148.

Spector EB, Grody WW, Matteson CJ, et al. Technical standards and
guidelines: venous thromboembolism (Factor V Leiden and prothrombin
20210G>A testing): a disease-specific supplement to the standards and
guidelines for clinical genetics laboratories. Genet Med 2005;7:444—453.
Press RD, Bauer KA, Kujovich JL, Heit JA. Clinical utility of factor V
Leiden (R506Q) testing for the diagnosis and management of thromboem-
bolic disorders. Arch Pathol Lab Med 2002;126:1304—-1318.
Manco-Johnson MJ, Grabowski EF, Hellgreen M, et al. Laboratory testing
for thrombophilia in pediatric patients. On behalf of the Subcommittee for
Perinatal and Pediatric Thrombosis of the Scientific and Standardization
Committee of the International Society of Thrombosis and Haemostasis
(ISTH). Thromb Haemost 2002;88:155-156.

Bates SM, Greer IA, Pabinger I, Sofaer S, Hirsh J, American College of
Chest Physicians. Venous thromboembolism, thrombophilia, antithrom-
botic therapy, and pregnancy: American College of Chest Physicians Ev-
idence-Based Clinical Practice Guidelines (8th Edition). Chest 2008;133:
844S—-886S.

Duhl AJ, Paidas MJ, Ural SH, et al. Antithrombotic therapy and pregnancy:
consensus report and recommendations for prevention and treatment of
venous thromboembolism and adverse pregnancy outcomes. Am J Obstet
Gynecol 2007;197:457.e1-457.e21.

Baglin T, Gray E, Greaves M, et al. Clinical guidelines for testing for
heritable thrombophilia. Br J Haematol 2010;149:209-220.

Coppens M, Reijnders JH, Middeldorp S, Doggen CJ, Rosendaal FR.
Testing for inherited thrombophilia does not reduce the recurrence of
venous thrombosis. J Thromb Haemost 2008;6:1474—-1477.

Segal JB, Brotman DJ, Necochea AJ, et al. Predictive value of factor V
Leiden and prothrombin G20210A in adults with venous thromboembolism
and in family members of those with a mutation: a systematic review.
JAMA 2009;301:2472-2485.

Zoller B, Svensson PJ, He X, Dahlbéck B. Identification of the same factor
V gene mutation in 47 out of 50 thrombosis-prone families with inherited
resistance to activated protein C. J Clin Invest 1994;94:2521-2524.

Heit JA, Sobell JL, Li H, Sommer SS. The incidence of venous thrombo-
embolism among Factor V Leiden carriers: a community-based cohort
study. J Thromb Haemost 2005;3:305-311.

Lensen R, Rosendaal F, Vandenbroucke J, Bertina R. Factor V Leiden: the
venous thrombotic risk in thrombophilic families. Br J Haematol 2000;
110:939-945.

Lensen RP, Bertina RM, de Ronde H, Vandenbroucke JP, Rosendaal FR.
Venous thrombotic risk in family members of unselected individuals with
factor V Leiden. Thromb Haemost 2000;83:817—-821.

Hille ET, Westendorp RG, Vandenbroucke JP, Rosendaal FR. Mortality
and causes of death in families with the factor V Leiden mutation (resis-
tance to activated protein C). Blood 1997;89:1963-1967.

Heijmans BT, Westendorp RG, Knook DL, Kluft C, Slagboom PE. The risk
of mortality and the factor V Leiden mutation in a population-based cohort.
Thromb Haemost 1998;80:607—609.

Roldan V, Lecumberri R, Mufioz-Torrero JF, et al. Thrombophilia testing
in patients with venous thromboembolism. Findings from the RIETE reg-
istry. Thromb Res 2009;124:174-177.

DeSancho MT, Dorff T, Rand JH. Thrombophilia and the risk of throm-
boembolic events in women on oral contraceptives and hormone replace-
ment therapy. Blood Coagul Fibrinolysis 2010;21:534-538.

Ho WK, Hankey GJ, Quinlan DJ, Eikelboom JW. Risk of recurrent venous
thromboembolism in patients with common thrombophilia: a systematic
review. Arch Intern Med 2006;166:729-736.

Linnemann B, Meister F, Schwonberg J, Schindewolf M, Zgouras D,
Lindhoff-Last E, MAISTHRO registry. Hereditary and acquired thrombo-
philia in patients with upper extremity deep-vein thrombosis. Results from
the MAISTHRO registry. Thromb Haemost 2008;100:440—446.

Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Old and new risk factors
for upper extremity deep venous thrombosis. J Thromb Haemost 2005;3:
2471-2478.

© 2011 Lippincott Williams & Wilkins



Genetics IN Medicine  Volume 13, Number 1, January 2011

Factor V Leiden thrombophilia

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Martinelli I, Battaglioli T, Bucciarelli P, Passamonti SM, Mannucci PM.
Risk factors and recurrence rate of primary deep vein thrombosis of the
upper extremities. Circulation 2004;110:566—570.

Martinelli I, Battaglioli T, Pedotti P, Cattaneo M, Mannucci PM. Hyper-
homocysteinemia in cerebral vein thrombosis. Blood 2003;102:1363—1366.
Zuber M, Toulon P, Marnet L, Mas JL. Factor V Leiden mutation in
cerebral venous thrombosis. Stroke 1996;27:1721-1723.

Gerhardt A, Scharf RE, Beckmann MW, et al. Prothrombin and factor V
mutations in women with a history of thrombosis during pregnancy and the
puerperium. N Engl J Med 2000;342:374-380.

Hirsch DR, Mikkola KM, Marks PW, et al. Pulmonary embolism and deep
venous thrombosis during pregnancy or oral contraceptive use: prevalence
of factor V Leiden. Am Heart J 1996;131:1145-1148.

Grandone E, Margaglione M, Colaizzo D, et al. Genetic susceptibility to
pregnancy-related venous thromboembolism: roles of factor V Leiden,
prothrombin G20210A, and methylenetetrahydrofolate reductase C677T
mutations. Am J Obstet Gynecol 1998;179:1324—1328.

Hiltunen L, Rautanen A, Rasi V, et al. An unfavorable combination of
factor V Leiden with age, weight, and blood group causes high risk of
pregnancy-associated venous thrombosis: a population-based nested case-
control study. Thromb Res 2007;119:423-432.

Laczkovics C, Grafenhofer H, Kaider A, et al. Risk of recurrence after a
first venous thromboembolic event in young women. Haematologica 2007,
92:1201-1207.

Brenner B, Sarig G, Weiner Z, Younis J, Blumenfeld Z, Lanir N. Throm-
bophilic polymorphisms are common in women with fetal loss without
apparent cause. Thromb Haemost 1999;82:6-9.

Gris JC, Quéré I, Monpeyroux F, et al. Case-control study of the frequency
of thrombophilic disorders in couples with late foetal loss and no throm-
botic antecedent—the Nimes Obstetricians and Haematologists Study5
(NOHAS). Thromb Haemost 1999;81:891—-899.

Kupferminc MJ, Eldor A, Steinman N, et al. Increased frequency of genetic
thrombophilia in women with complications of pregnancy. N Engl J Med
1999;340:9—-13.

Schulman S. Thrombophilia and location of venous thromboembolism.
J Thromb Haemost 2007;5:2151-2152.

van Stralen KJ, Rosendaal FR, Doggen CJ. Minor injuries as a risk factor
for venous thrombosis. Arch Intern Med 2008;168:21-26.

de Moerloose P, Reber G, Perrier A, Perneger T, Bounameaux H. Preva-
lence of factor V Leiden and prothrombin G20210A mutations in uns-
elected patients with venous thromboembolism. Br J Haematol 2000;110:
125-129.

Dentali F, Crowther M, Ageno W. Thrombophilic abnormalities, oral
contraceptives, and risk of cerebral vein thrombosis: a meta-analysis. Blood
2006;107:2766-2773.

Martinelli I, Cattaneo M, Taioli E, De Stefano V, Chiusolo P, Mannucci
PM. Genetic risk factors for superficial vein thrombosis. Thromb Haemost
1999;82:1215-1217.

Rosendaal FR, Reitsma PH. Genetics of venous thrombosis. J Thromb
Haemost 2009;7(suppl 1):301-304.

Gohil R, Peck G, Sharma P. The genetics of venous thromboembolism. A
meta-analysis involving approximately 120,000 cases and 180,000 con-
trols. Thromb Haemost 2009;102:360-370.

Lijfering WM, Brouwer JL, Veeger NJ, et al. Selective testing for
thrombophilia in patients with first venous thrombosis: results from a
retrospective family cohort study on absolute thrombotic risk for cur-
rently known thrombophilic defects in 2479 relatives. Blood 2009;113:
5314-5322.

Koster T, Rosendaal FR, de Ronde H, Briét E, Vandenbroucke JP, Bertina
RM. Venous thrombosis due to poor anticoagulant response to activated
protein C: Leiden Thrombophilia Study. Lancet 1993;342:1503-1506.
Van Rooden CJ, Rosendaal FR, Meinders AE, Van Oostayen JA, Van Der
Meer FJ, Huisman MV. The contribution of factor V Leiden and prothrom-
bin G20210A mutation to the risk of central venous catheter-related throm-
bosis. Haematologica 2004;89:201-206.

Robertson L, Wu O, Langhorne P, et al. Thrombophilia in pregnancy: a
systematic review. Br J Haematol 2006;132:171-196.

Pomp ER, Lenselink AM, Rosendaal FR, Doggen CJ. Pregnancy, the
postpartum period and prothrombotic defects: risk of venous thrombosis in
the MEGA study. J Thromb Haemost 2008;6:632—637.

Marchiori A, Mosena L, Prins MH, Prandoni P. The risk of recurrent
venous thromboembolism among heterozygous carriers of factor V Leiden
or prothrombin G20210A mutation. A systematic review of prospective
studies. Haematologica 2007;92:1107-1114.

Rai R, Backos M, Elgaddal S, Shlebak A, Regan L. Factor V Leiden and
recurrent miscarriage-prospective outcome of untreated pregnancies. Hum
Reprod 2002;17:442—445.

Rey E, Kahn SR, David M, Shrier I. Thrombophilic disorders and fetal loss:
a meta-analysis. Lancet 2003;361:901-908.

Lissalde-Lavigne G, Fabbro-Peray P, Cochery-Nouvellon E, et al. Factor V
Leiden and prothrombin G20210A polymorphisms as risk factors for

Genetics IN Medicine ® Volume 13, Number 1, January 2011

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

miscarriage during a first intended pregnancy: the matched case-control
‘NOHA first’ study. J Thromb Haemost 2005;3:2178-2184.

Juul K, Tybjaerg-Hansen A, Schnohr P, Nordestgaard BG. Factor V Leiden
and the risk for venous thromboembolism in the adult Danish population.
Ann Intern Med 2004;140:330-337.

Gerhardt A, Scharf RE, Zotz RB. Effect of hemostatic risk factors on the
individual probability of thrombosis during pregnancy and the puerperium.
Thromb Haemost 2003;90:77-85.

Martinelli I, Legnani C, Bucciarelli P, Grandone E, De Stefano V, Man-
nucci PM. Risk of pregnancy-related venous thrombosis in carriers of
severe inherited thrombophilia. Thromb Haemost 2001;86:800—803.
Vandenbroucke JP, Koster T, Briét E, Reitsma PH, Bertina RM, Rosendaal
FR. Increased risk of venous thrombosis in oral-contraceptive users who
are carriers of factor V Leiden mutation. Lancet 1994;344:1453-1457.
Ehrenforth S, Nemes L, Mannhalter C, et al. Impact of environmental and
hereditary risk factors on the clinical manifestation of thrombophilia in
homozygous carriers of factor V:G1691A. J Thromb Haemost 2004;2:430—
436.

Biron-Andréani C, Bauters A, Le Cam-Duchez V, et al. Factor V Leiden
homozygous genotype and pregnancy outcomes. Obstet Gynecol 2009;114:
1249-1253.

Prandoni P, Lensing AW, Cogo A, et al. The long-term clinical course of
acute deep venous thrombosis. Ann Intern Med 1996;125:1-7.
Christiansen SC, Cannegieter SC, Koster T, Vandenbroucke JP, Rosendaal
FR. Thrombophilia, clinical factors, and recurrent venous thrombotic
events. JAMA 2005;293:2352-2361.

Baglin T, Luddington R, Brown K, Baglin C. Incidence of recurrent venous
thromboembolism in relation to clinical and thrombophilic risk factors:
prospective cohort study. Lancet 2003;362:523-526.

Lijfering WM, Christiansen SC, Rosendaal FR, Cannegieter SC. Contri-
bution of high factor VIII, IX and XI to the risk of recurrent venous
thrombosis in factor V Leiden carriers. J Thromb Haemost 2009;7:1944 —
1946.

Kearon C, Julian JA, Kovacs MJ, et al. Influence of thrombophilia on risk
of recurrent venous thromboembolism while on warfarin: results from a
randomized trial. Blood 2008;112:4432—4436.

De Stefano V, Martinelli I, Mannucci PM, et al. The risk of recurrent deep
venous thrombosis among heterozygous carriers of both factor V Leiden
and the G20210A prothrombin mutation. N Engl J Med 1999;341:801-806.
Margaglione M, D’Andrea G, Colaizzo D, et al. Coexistence of factor V
Leiden and Factor IT A20210 mutations and recurrent venous thromboem-
bolism. Thromb Haemost 1999;82:1583-1587.

Meinardi JR, Middeldorp S, de Kam PJ, et al. The incidence of recurrent
venous thromboembolism in carriers of factor V Leiden is related to
concomitant thrombophilic disorders. Br J Haematol 2002;116:625-631.
Lijfering WM, Middeldorp S, Veeger NIJ, et al. Risk of recurrent venous
thrombosis in homozygous carriers and double heterozygous carriers of
factor V Leiden and prothrombin G20210A. Circulation 2010;121:1706—
1712.

Martinelli I, Taioli E, Cetin I, et al. Mutations in coagulation factors in
women with unexplained late fetal loss. N Engl J Med 2000;343:1015—
1018.

Clark P, Walker ID, Govan L, Wu O, Greer IA. The GOAL study: a
prospective examination of the impact of factor V Leiden and ABO(H)
blood groups on haemorrhagic and thrombotic pregnancy outcomes. Br J
Haematol 2008;140:236-240.

Coppens M, Folkeringa N, Teune MJ, et al. Outcome of the subsequent
pregnancy after a first loss in women with the factor V Leiden or pro-
thrombin 20210A mutations. J Thromb Haemost 2007;5:1444—-1448.
Jivraj S, Makris M, Saravelos S, Li TC. Pregnancy outcome in women with
factor V Leiden and recurrent miscarriage. BJOG 2009;116:995-998.
Dudding TE, Attia J. The association between adverse pregnancy outcomes
and maternal factor V Leiden genotype: a meta-analysis. Thromb Haemost
2004;91:700-711.

Kovalevsky G, Gracia CR, Berlin JA, Sammel MD, Barnhart KT. Evalu-
ation of the association between hereditary thrombophilias and recurrent
pregnancy loss: a meta-analysis. Arch Intern Med 2004;164:558-563.
Tormene D, Simioni P, Prandoni P, et al. The risk of fetal loss in family
members of probands with factor V Leiden mutation. Thromb Haemost
1999;82:1237-1239.

Kist WJ, Janssen NG, Kalk JJ, Hague WM, Dekker GA, de Vries JI.
Thrombophilias and adverse pregnancy outcome—a confounded problem!
Thromb Haemost 2008;99:77-85.

Hiltunen LM, Laivuori H, Rautanen A, et al. Factor V Leiden as risk factor
for unexplained stillbirth—a population-based nested case-control study.
Thromb Res 2010;125:505-510.

Tal J, Schliamser LM, Leibovitz Z, Ohel G, Attias D. A possible role for
activated protein C resistance in patients with first and second trimester
pregnancy failure. Hum Reprod 1999;14:1624-1627.

Rodger MA, Paidas M, McLintock C, et al. Inherited thrombophilia and
pregnancy complications revisited. Obstet Gynecol 2008;112:320-324.

13



Kujovich

Genetics IN Medicine ® Volume 13, Number 1, January 2011

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

14

Mello G, Parretti E, Marozio L, et al. Thrombophilia is significantly
associated with severe preeclampsia: results of a large-scale, case-con-
trolled study. Hypertension 2005;46:1270-1274.

Grandone E, Margaglione M, Colaizzo D, et al. Prothrombotic genetic risk
factors and the occurrence of gestational hypertension with or without
proteinuria. Thromb Haemost 1999;81:349-352.

Dudding T, Heron J, Thakkinstian A, et al. Factor V Leiden is associated
with pre-eclampsia but not with fetal growth restriction: a genetic associ-
ation study and meta-analysis. J Thromb Haemost 2008;6:1869—-1875.
Dizon-Townson D, Miller C, Sibai B, et al. The relationship of the factor
V Leiden mutation and pregnancy outcomes for mother and fetus. Obstet
Gynecol 2005;106:517-524.

Kahn SR, Platt R, McNamara H, et al. Inherited thrombophilia and pre-
eclampsia within a multicenter cohort: the Montreal Preeclampsia Study.
Am J Obstet Gynecol 2009;200:151.e1-151.e9; discussion el—eS.

Said JM, Higgins JR, Moses EK, et al. Inherited thrombophilia polymor-
phisms and pregnancy outcomes in nulliparous women. Obstet Gynecol
2010;115:5-13.

Nurk E, Tell GS, Refsum H, Ueland PM, Vollset SE. Factor V Leiden,
pregnancy complications and adverse outcomes: the Hordaland Homocys-
teine Study. QJM 2006;99:289-298.

Facchinetti F, Marozio L, Frusca T, et al. Maternal thrombophilia and the
risk of recurrence of preeclampsia. Am J Obstet Gynecol 2009;200:46.¢1—
46.e5.

Howley HE, Walker M, Rodger MA. A systematic review of the associa-
tion between factor V Leiden or prothrombin gene variant and intrauterine
growth restriction. Am J Obstet Gynecol 2005;192:694-708.
Infante-Rivard C, Rivard GE, Yotov WV, et al. Absence of association of
thrombophilia polymorphisms with intrauterine growth restriction. N Engl
J Med 2002;347:19-25.

Emmerich J, Rosendaal FR, Cattaneo M, et al. Combined effect of factor V
Leiden and prothrombin 20210A on the risk of venous thromboembo-
lism—pooled analysis of 8 case-control studies including 2310 cases and
3204 controls. Study Group for Pooled-Analysis in Venous Thromboem-
bolism. Thromb Haemost 2001;86:809—816.

Ridker PM, Hennekens CH, Lindpaintner K, Stampfer MJ, Miletich JP.
Arterial and venous thrombosis is not associated with the 4G/5G polymor-
phism in the promoter of the plasminogen activator inhibitor gene in a large
cohort of US men. Circulation 1997;95:59—62.

Pomp ER, le Cessie S, Rosendaal FR, Doggen CJ. Risk of venous throm-
bosis: obesity and its joint effect with oral contraceptive use and prothrom-
botic mutations. Br J Haematol 2007;139:289-296.

Legnani C, Palareti G, Guazzaloca G, et al. Venous thromboembolism in
young women; role of thrombophilic mutations and oral contraceptive use.
Eur Heart J 2002;23:984-990.

Martinelli I, Taioli E, Battaglioli T, et al. Risk of venous thromboembolism
after air travel: interaction with thrombophilia and oral contraceptives. Arch
Intern Med 2003;163:2771-2774.

Sidney S, Petitti DB, Soff GA, Cundiff DL, Tolan KK, Quesenberry CP Jr.
Venous thromboembolic disease in users of low-estrogen combined estro-
gen-progestin oral contraceptives. Contraception 2004;70:3-10.
Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Biiller HR, Vanden-
broucke JP. Enhancement by factor V Leiden mutation of risk of deep-vein
thrombosis associated with oral contraceptives containing a third-genera-
tion progestagen. Lancet 1995;346:1593-1596.

Wu O, Robertson L, Langhorne P, et al. Oral contraceptives, hormone
replacement therapy, thrombophilias and risk of venous thromboembolism:
a systematic review. The Thrombosis: Risk and Economic Assessment of
Thrombophilia Screening (TREATS) Study. Thromb Haemost 2005;94:
17-25.

Rosendaal FR, Vessey M, Rumley A, et al. Hormonal replacement therapy,
prothrombotic mutations and the risk of venous thrombosis. Br J Haematol
2002;116:851-854.

Herrington DM, Vittinghoff E, Howard TD, et al. Factor V Leiden, hor-
mone replacement therapy, and risk of venous thromboembolic events in
women with coronary disease. Arterioscler Thromb Vasc Biol 2002;22:
1012-1017.

Cushman M, Kuller LH, Prentice R, et al. Estrogen plus progestin and risk
of venous thrombosis. JAMA 2004;292:1573—-1580.

Cannegieter SC, Doggen CJ, van Houwelingen HC, Rosendaal FR. Travel-
related venous thrombosis: results from a large population-based case
control study (MEGA study). PLoS Med 2006;3:¢307.

Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies, prothrom-
botic mutations, and the risk of venous thrombosis. JAMA 2005;293:715—
722.

Mustafa S, Mannhalter C, Rintelen C, et al. Clinical features of thrombo-
philia in families with gene defects in protein C or protein S combined with
factor V Leiden. Blood Coagul Fibrinolysis 1998;9:85—89.

Bezemer ID, Bare LA, Doggen CJ, et al. Gene variants associated with
deep vein thrombosis. JAMA 2008;299:1306—1314.

Lensen R, Bertina RM, Vandenbroucke JP, Rosendaal FR. High factor VIII

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

levels contribute to the thrombotic risk in families with factor V Leiden.
Br J Haematol 2001;114:380-386.

Dentali F, Gianni M, Agnelli G, Ageno W. Association between inherited
thrombophilic abnormalities and central venous catheter thrombosis in
patients with cancer: a meta-analysis. J Thromb Haemost 2008;6:70-75.
Mandala M, Barni S, Prins M, et al. Acquired and inherited risk factors for
developing venous thromboembolism in cancer patients receiving adjuvant
chemotherapy: a prospective trial. Ann Oncol 2010;21:871-876.

Fijnheer R, Paijmans B, Verdonck LF, Nieuwenhuis HK, Roest M, Dekker
AW. Factor V Leiden in central venous catheter-associated thrombosis.
Br J Haematol 2002;118:267-270.

Mandala M, Curigliano G, Bucciarelli P, et al. Factor V Leiden and
G20210A prothrombin mutation and the risk of subclavian vein thrombosis
in patients with breast cancer and a central venous catheter. 4nn Oncol
2004;15:590-593.

Middeldorp S, Libourel EJ, Hamulyak K, Van der Meer J, Biiller HR. The
risk of pregnancy-related venous thromboembolism in women who are
homozygous for factor V Leiden. Br J Haematol 2001;113:553-555.
Martinelli I, Battaglioli T, De Stefano V, et al. The risk of first venous
thromboembolism during pregnancy and puerperium in double heterozy-
gotes for factor V Leiden and prothrombin G20210A. J Thromb Haemost
2008;6:494—498.

Pabinger I, Nemes L, Rintelen C, et al. Pregnancy-associated risk for
venous thromboembolism and pregnancy outcome in women homozygous
for factor V Leiden. Hematol J 2000;1:37—41.

Lindqvist PG, Svensson PJ, Marsaal K, Grennert L, Luterkort M, Dahlbick
B. Activated protein C resistance (FV:Q506) and pregnancy. Thromb
Haemost 1999;81:532-537.

Mohllajee AP, Curtis KM, Martins SL, Peterson HB. Does use of hormonal
contraceptives among women with thrombogenic mutations increase their
risk of venous thromboembolism? A systematic review. Contraception
2006;73:166—-178.

Bloemenkamp KW, Rosendaal FR, Helmerhorst FM, Vandenbroucke JP.
Higher risk of venous thrombosis during early use of oral contraceptives in
women with inherited clotting defects. Arch Intern Med 2000;160:49-52.
Middeldorp S, Meinardi JR, Koopman MM, et al. A prospective study of
asymptomatic carriers of the factor V Leiden mutation to determine the
incidence of venous thromboembolism. Ann Intern Med 2001;135:322—
327.

Girolami A, Tormene D, Gavasso S, Bertolo C, Girolami B. Long term use
of oral contraceptives without thrombosis in patients with FV Leiden
polymorphism: a study of 37 patients (2 homozygous and 35 heterozy-
gous). J Thromb Thrombolysis 2004;17:145-149.

Grady D, Wenger NK, Herrington D, et al. Postmenopausal hormone
therapy increases risk for venous thromboembolic disease. The Heart and
Estrogen/progestin Replacement Study. Ann Intern Med 2000;132:689—
696.

Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of
estrogen plus progestin in healthy postmenopausal women: principal results
from the Women’s Health Initiative randomized controlled trial. JAMA
2002;288:321-333.

Canonico M, Oger E, Plu-Bureau G, et al. Hormone therapy and venous
thromboembolism among postmenopausal women: impact of the route of
estrogen administration and progestogens: the ESTHER study. Circulation
2007;115:840—845.

Canonico M, Plu-Bureau G, Lowe GD, Scarabin PY. Hormone replace-
ment therapy and risk of venous thromboembolism in postmenopausal
women: systematic review and meta-analysis. BMJ 2008;336:1227-1231.
Renoux C, Dell’Aniello S, Suissa S. Hormone replacement therapy and the
risk of venous thromboembolism: a population-based study. J Thromb
Haemost 2010;8:979-986.

Straczek C, Oger E, Yon de Jonage-Canonico MB, et al. Prothrombotic
mutations, hormone therapy, and venous thromboembolism among
postmenopausal women: impact of the route of estrogen administration.
Circulation 2005;112:3495-3500.

Duggan C, Marriott K, Edwards R, Cuzick J. Inherited and acquired risk
factors for venous thromboembolic disease among women taking tamox-
ifen to prevent breast cancer. J Clin Oncol 2003;21:3588-3593.
Abramson N, Costantino JP, Garber JE, Berliner N, Wickerham DL,
Wolmark N. Effect of factor V Leiden and prothrombin G20210—>A
mutations on thromboembolic risk in the national surgical adjuvant breast
and bowel project breast cancer prevention trial. J Natl Cancer Inst 2006;
98:904-910.

Garber JE, Halabi S, Tolaney SM, et al. Factor V Leiden mutation and
thromboembolism risk in women receiving adjuvant tamoxifen for breast
cancer. J Natl Cancer Inst 2010;102:942-949.

Ridker PM, Glynn RJ, Miletich JP, Goldhaber SZ, Stampfer MJ, Hennek-
ens CH. Age-specific incidence rates of venous thromboembolism among
heterozygous carriers of factor V Leiden mutation. Ann Intern Med 1997,
126:528-531.

Lindahl TL, Lundahl TH, Nilsson L, Andersson CA. APC-resistance is a

© 2011 Lippincott Williams & Wilkins



Genetics IN Medicine  Volume 13, Number 1, January 2011

Factor V Leiden thrombophilia

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

162.

163.

164.

165.

166.

167.

168.

169.

170.

risk factor for postoperative thromboembolism in elective replacement of
the hip or knee—a prospective study. Thromb Haemost 1999;81:18-21.
Baba-Ahmed M, Le Gal G, Couturaud F, Lacut K, Oger E, Leroyer C. High
frequency of factor V Leiden in surgical patients with symptomatic venous
thromboembolism despite prophylaxis. Thromb Haemost 2007;97:171—
175.

Joseph JE, Low J, Courtenay B, Neil MJ, McGrath M, Ma D. A single-
centre prospective study of clinical and haemostatic risk factors for venous
thromboembolism following lower limb arthroplasty. Br J Haematol 2005,
129:87-92.

Ryan DH, Crowther MA, Ginsberg JS, Francis CW. Relation of factor V
Leiden genotype to risk for acute deep venous thrombosis after joint
replacement surgery. Ann Intern Med 1998;128:270-276.

Cushman M, Rosendaal FR, Psaty BM, et al. Factor V Leiden is not a risk
factor for arterial vascular disease in the elderly: results from the Cardio-
vascular Health Study. Thromb Haemost 1998;79:912-915.

Linnemann B, Schindewolf M, Zgouras D, Erbe M, Jarosch-Preusche M,
Lindhoff-Last E. Are patients with thrombophilia and previous venous
thromboembolism at higher risk to arterial thrombosis? Thromb Res 2008,
121:743-750.

Kim RJ, Becker RC. Association between factor V Leiden, prothrombin
G20210A, and methylenetetrahydrofolate reductase C677T mutations and
events of the arterial circulatory system: a meta-analysis of published
studies. Am Heart J 2003;146:948 -957.

Ye Z, Liu EH, Higgins JP, et al. Seven haemostatic gene polymorphisms
in coronary disease: meta-analysis of 66,155 cases and 91,307 controls.
Lancet 2006;367:651-658.

Rosendaal FR, Siscovick DS, Schwartz SM, et al. Factor V Leiden (resis-
tance to activated protein C) increases the risk of myocardial infarction in
young women. Blood 1997;89:2817-2821.

Mannucci PM. Fine particulate: it matters. J Thromb Haemost 2010;8:659—
661.

Doggen CJ, Cats VM, Bertina RM, Rosendaal FR. Interaction of coag-
ulation defects and cardiovascular risk factors: increased risk of myo-
cardial infarction associated with factor V Leiden or prothrombin
20210A. Circulation 1998;97:1037-1041.

Inbal A, Freimark D, Modan B, et al. Synergistic effects of prothrombotic
polymorphisms and atherogenic factors on the risk of myocardial infarction
in young males. Blood 1999;93:2186-2190.

Lalouschek W, Schillinger M, Hsieh K, et al. Matched case-control study
on factor V Leiden and the prothrombin G20210A mutation in patients with
ischemic stroke/transient ischemic attack up to the age of 60 years. Stroke
2005;36:1405-1409.

Marcucci R, Sofi F, Fedi S, et al. Thrombophilic risk factors in patients
with severe carotid atherosclerosis. J Thromb Haemost 2005;3:502-507.
Margaglione M, D’Andrea G, Giuliani N, et al. Inherited prothrombotic
conditions and premature ischemic stroke: sex difference in the association
with factor V Leiden. Arterioscler Thromb Vasc Biol 1999;19:1751-1756.
Aznar J, Mira Y, Vaya A, et al. Factor V Leiden and prothrombin G20210A
mutations in young adults with cryptogenic ischemic stroke. Thromb Hae-
most 2004;91:1031-1034.

Slooter AJ, Rosendaal FR, Tanis BC, Kemmeren JM, van der Graaf Y,
Algra A. Prothrombotic conditions, oral contraceptives, and the risk of
ischemic stroke. J Thromb Haemost 2005;3:1213-1217.

Martinelli I, Battaglioli T, Burgo I, Di Domenico S, Mannucci PM. Oral
contraceptive use, thrombophilia and their interaction in young women
with ischemic stroke. Haematologica 2006;91:844—847.

Haapaniemi E, Helenius J, Jakovljevi¢ D, et al. Ischaemic stroke patients
with heterozygous factor V Leiden present with multiple brain infarctions
and widespread atherothrombotic disease. Thromb Haemost 2009;101:
145-150.

Karttunen V, Hiltunen L, Rasi V, Vahtera E, Hillbom M. Factor V Leiden
and prothrombin gene mutation may predispose to paradoxical embolism in
subjects with patent foramen ovale. Blood Coagul Fibrinolysis 2003;14:
261-268.

Pezzini A, Grassi M, Zotto ED, et al. Do common prothrombotic mutations
influence the risk of cerebral ischaemia in patients with patent foramen
ovale? Systematic review and meta-analysis. Thromb Haemost 2009;101:
813-817.

Brugge JM, Simioni P, Bernardi F, et al. Expression of the normal factor
V allele modulates the APC resistance phenotype in heterozygous
carriers of the factor V Leiden mutation. J Thromb Haemost 2005;3:
2695-2702.

Simioni P, Castoldi E, Lunghi B, Tormene D, Rosing J, Bernardi F. An
underestimated combination of opposites resulting in enhanced thrombotic
tendency. Blood 2005;106:2363-2365.

Santamaria A, Soria JM, Tirado I, et al. Double heterozygosity for factor V
Leiden and factor V Cambridge mutations associated with low levels of
activated protein C resistance in a Spanish thrombophilic family. 7hromb
Haemost 2005;93:1193-1195.

Dargaud Y, Trzeciak MC, Meunier S, et al. Two novel factor V null

Genetics IN Medicine ® Volume 13, Number 1, January 2011

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

mutations associated with activated protein C resistance phenotype/geno-
type discrepancy. Br J Haematol 2003;123:342-345.

de Visser MC, Guasch JF, Kamphuisen PW, Vos HL, Rosendaal FR,
Bertina RM. The HR2 haplotype of factor V: effects on factor V levels,
normalized activated protein C sensitivity ratios and the risk of venous
thrombosis. Thromb Haemost 2000;83:577-582.

Faioni EM, Franchi F, Bucciarelli P, et al. Coinheritance of the HR2
haplotype in the factor V gene confers an increased risk of venous throm-
boembolism to carriers of factor V. R506Q (factor V Leiden). Blood
1999;94:3062-3066.

Williamson D, Brown K, Luddington R, Baglin C, Baglin T. Factor V
Cambridge: a new mutation (Arg306—>Thr) associated with resistance to
activated protein C. Blood 1998;91:1140—-1144.

Chan WP, Lee CK, Kwong YL, Lam CK, Liang R. A novel mutation of
Arg306 of factor V gene in Hong Kong Chinese. Blood 1998;91:1135—
1139.

Liang R, Lee CK, Wat MS, Kwong YL, Lam CK, Liu HW. Clinical
significance of Arg306 mutations of factor V gene. Blood 1998;92:2599—
2600.

Steen M, Norstrom EA, Tholander AL, et al. Functional characterization of
factor V-I1e359Thr: a novel mutation associated with thrombosis. Blood
2004;103:3381-3387.

Mingozzi F, Legnani C, Lunghi B, et al. A FV multiallelic marker detects
genetic components of APC resistance contributing to venous thromboem-
bolism in FV Leiden carriers. Thromb Haemost 2003;89:983-989.
Jadaon MM, Dashti AA. HR2 haplotype in Arab population and patients
with venous thrombosis in Kuwait. J Thromb Haemost 2005;3:1467-1471.
Luddington R, Jackson A, Pannerselvam S, Brown K, Baglin T. The factor
V R2 allele: risk of venous thromboembolism, factor V levels and resis-
tance to activated protein C. Thromb Haemost 2000;83:204-208.
Djordjevic V, Rakicevic LJ, Mikovic D, et al. Prevalence of factor V
Leiden, factor V Cambridge, factor II G20210A and methylenetetrahydro-
folate reductase C677T mutations in healthy and thrombophilic Serbian
populations. Acta Haematol 2004;112:227-229.

Mumford AD, McVey JH, Morse CV, et al. Factor V I359T: a novel
mutation associated with thrombosis and resistance to activated protein C.
Br J Haematol 2003;123:496-501.

Middeldorp S, Henkens CM, Koopman MM, et al. The incidence of venous
thromboembolism in family members of patients with factor V Leiden
mutation and venous thrombosis. Ann Intern Med 1998;128:15-20.
Simioni P, Sanson BJ, Prandoni P, et al. Incidence of venous thromboem-
bolism in families with inherited thrombophilia. Thromb Haemost 1999;
81:198-202.

Simioni P, Tormene D, Prandoni P, et al. Incidence of venous thrombo-
embolism in asymptomatic family members who are carriers of factor V
Leiden: a prospective cohort study. Blood 2002;99:1938-1942.

Vossen CY, Conard J, Fontcuberta J, et al. Risk of a first venous thrombotic
event in carriers of a familial thrombophilic defect. The European Prospective
Cohort on Thrombophilia (EPCOT). J Thromb Haemost 2005;3:459—464.
Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic
variation in the 3'-untranslated region of the prothrombin gene is associated
with elevated plasma prothrombin levels and an increase in venous throm-
bosis. Blood 1996;88:3698—-3703.

Coppola A, Tufano A, Cerbone AM, Di Minno G. Inherited thrombophilia:
implications for prevention and treatment of venous thromboembolism.
Semin Thromb Hemost 2009;35:683—694.

Bezemer ID, Doggen CJ, Vos HL, Rosendaal FR. No association between
the common MTHFR 677C->T polymorphism and venous thrombosis:
results from the MEGA study. Arch Intern Med 2007;167:497-501.

de Visser MC, Rosendaal FR, Bertina RM. A reduced sensitivity for
activated protein C in the absence of factor V Leiden increases the risk of
venous thrombosis. Blood 1999;93:1271-1276.

Rodeghiero F, Tosetto A. Activated protein C resistance and factor V
Leiden mutation are independent risk factors for venous thromboembolism.
Ann Intern Med 1999;130:643—650.

Galli M, Luciani D, Bertolini G, Barbui T. Lupus anticoagulants are
stronger risk factors for thrombosis than anticardiolipin antibodies in the
antiphospholipid syndrome: a systematic review of the literature. Blood
2003;101:1827-1832.

Bank I, Libourel EJ, Middeldorp S, et al. Elevated levels of FVIII:C within
families are associated with an increased risk for venous and arterial
thrombosis. J Thromb Haemost 2005;3:79—84.

Koster T, Blann AD, Briét E, Vandenbroucke JP, Rosendaal FR. Role of
clotting factor VIII in effect of von Willebrand factor on occurrence of
deep-vein thrombosis. Lancet 1995;345:152-155.

Kyrle PA, Minar E, Hirschl M, et al. High plasma levels of factor VIII and
the risk of recurrent venous thromboembolism. N Engl J Med 2000;343:
457-462.

van Hylckama Vlieg A, van der Linden IK, Bertina RM, Rosendaal FR.
High levels of factor IX increase the risk of venous thrombosis. Blood
2000;95:3678-3682.

15



Kujovich

Genetics IN Medicine ® Volume 13, Number 1, January 2011

196.

197.

198.

199.

200.

201.

202.

16

Cushman M, O’Meara ES, Folsom AR, Heckbert SR. Coagulation factors
IX through XIII and the risk of future venous thrombosis: the Longitudinal
Investigation of Thromboembolism Etiology. Blood 2009;114:2878-2883.
Chandler WL, Rodgers GM, Sprouse JT, Thompson AR. Elevated hemo-
static factor levels as potential risk factors for thrombosis. Arch Pathol Lab
Med 2002;126:1405-1414.

den Heijer M, Willems HP, Blom HIJ, et al. Homocysteine lowering by B
vitamins and the secondary prevention of deep vein thrombosis and pul-
monary embolism: a randomized, placebo-controlled, double-blind trial.
Blood 2007;109:139—144.

Kearon C, Kahn SR, Agnelli G, Goldhaber S, Raskob GE, Comerota AJ,
American College of Chest Physicians. Antithrombotic therapy for venous
thromboembolic disease: American College of Chest Physicians Evidence-
Based Clinical Practice Guidelines (8th Edition). Chest 2008;133:454S-545S.
Baglin C, Brown K, Luddington R, Baglin T. Risk of recurrent venous
thromboembolism in patients with the factor V Leiden (FVR506Q) muta-
tion: effect of warfarin and prediction by precipitating factors. East Anglian
Thrombophilia Study Group. Br J Haematol 1998;100:764-768.
Prandoni P, Simioni P, Girolami A. Antiphospholipid antibodies, recurrent
thromboembolism, and intensity of warfarin anticoagulation. Thromb Hae-
most 1996;75:859.

Geerts WH, Bergqvist D, Pineo GF, et al. Prevention of venous thrombo-
embolism: American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition). Chest 2008;133:381S—453S.

203.

204.

205.

206.

209.

Pabinger I, Grafenhofer H, Kaider A, et al. Risk of pregnancy-associated
recurrent venous thromboembolism in women with a history of venous
thrombosis. J Thromb Haemost 2005;3:949-954.

De Stefano V, Martinelli I, Rossi E, et al. The risk of recurrent venous
thromboembolism in pregnancy and puerperium without antithrombotic
prophylaxis. Br J Haematol 2006;135:386-391.

Carp H, Dolitzky M, Inbal A. Thromboprophylaxis improves the live birth
rate in women with consecutive recurrent miscarriages and hereditary
thrombophilia. J Thromb Haemost 2003;1:433—438.

Gris JC, Mercier E, Quéré I, et al. Low-molecular-weight heparin versus
low-dose aspirin in women with one fetal loss and a constitutional throm-
bophilic disorder. Blood 2004;103:3695-3699.

Brenner B, Hoffman R, Carp H, Dulitsky M, Younis J, LIVE-ENOX
Investigators. Efficacy and safety of two doses of enoxaparin in women
with thrombophilia and recurrent pregnancy loss: the LIVE-ENOX study.
J Thromb Haemost 2005;3:227-229.

Warren JE, Simonsen SE, Branch DW, Porter TF, Silver RM. Throm-
boprophylaxis and pregnancy outcomes in asymptomatic women with
inherited thrombophilias. Am J Obstet Gynecol 2009;200:281.e1—
281.e5.

Laskin CA, Spitzer KA, Clark CA, et al. Low molecular weight heparin and
aspirin for recurrent pregnancy loss: results from the randomized, con-
trolled HepASA Trial. J Rheumatol 2009;36:279-287.

© 2011 Lippincott Williams & Wilkins



	Factor V Leiden thrombophilia
	Main
	PATHOGENIC MECHANISMS AND MOLECULAR BASIS
	PREVALENCE
	DIAGNOSIS
	Clinical diagnosis
	Testing
	Indications for testing

	NATURAL HISTORY AND CLINICAL MANIFESTATIONS
	Venous thromboembolism
	Risk for a first VTE
	Recurrent VTE
	Pregnancy complications
	Pregnancy loss
	Other obstetric complications


	CLINICAL EXPRESSION OF FACTOR V LEIDEN
	Coexisting thrombophilic disorders
	Circumstantial risk factors
	Central venous catheters
	Pregnancy
	Oral contraceptives
	Hormone replacement therapy
	Selective estrogen receptor modulators
	Travel
	Age
	Minor injury
	Obesity
	Surgery


	THROMBOSIS NOT CONVINCINGLY ASSOCIATED WITH FACTOR V LEIDEN
	Arterial thrombosis
	Myocardial infarction
	Stroke

	GENOTYPE-PHENOTYPE CORRELATIONS
	Factor V Leiden and Factor V deficiency
	HR2 haplotype

	GENETICALLY RELATED (ALLELIC) DISORDERS
	PENETRANCE
	DIFFERENTIAL DIAGNOSIS
	Inherited disorders
	Acquired disorders

	MANAGEMENT
	Evaluation after initial diagnosis
	Treatment of manifestations
	Prevention of primary manifestations
	Pregnancy
	Prevention of pregnancy complications

	GENETIC COUNSELING
	Proband heterozygous for Factor V Leiden
	Proband homozygous for Factor V Leiden
	Testing at-risk family members

	Note
	References




