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Abstract

Evaluation for underlying hypercoagulable states in patients with thrombosis is a frequent clinical conundrum. Testing for
thrombophilias is often reflexively performed without strategic approach nor clear appreciation of the clinical implications
of such results. Guidelines vary in the appropriate utilization of thrombophilia testing. In this review, we discuss the
more commonly encountered inherited and acquired thrombophilias, their association with initial and recurrent venous
thromboembolism, arterial thromboembolism, and role in women’s health. We suggest an approach to thrombophilia
testing guided by the clinical presentation, suspected pathophysiology, and an understanding of how such results may
affect patient care.
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thromboembolism (VTE). His brother had a PE after a
cholecystectomy at the age of 55. He is initiated on a
direct oral anticoagulant with a plan for a 3-month dura-
tion of therapy.

Case presentation #3: A 54-year-old woman presents
for follow up to discuss the results of her thrombophilia
testing. She had been started on a direct oral anticoagu-
lant when diagnosed with an unprovoked femoral DVT
in the emergency room. She was seen by her primary
care physician 3 days later and a ‘thrombophilia panel’
was sent. Her results included a positive dilute Russell
viper venom time (dRVVT) test and a protein S level
slightly below the normal range.

Introduction

The evaluation of an underlying tendency for venous and
arterial thromboembolism (called thrombophilia or hyper-
coagulable testing) is a frequently encountered clinical
challenge faced by primary care physicians, hospitalists,
and thrombosis specialists alike. Though testing for inher-
ited and acquired thrombophilia is often reflexively per-
formed, the correct timing, appropriate utilization, and
implications of such testing is poorly understood. The
data are inconsistent and limited regarding the appropriate
use of thrombophilia evaluation. Accordingly, guidelines
vary and offer limited recommendations.'3

Thrombophilias represent inherited and acquired
hypercoagulable states that increase the risk of venous
and, in some cases, arterial thromboembolism. The inci-
dence of thrombophilias varies based on the specific pop-
ulation evaluated. In the general population,
thrombophilias are relatively rare in comparison to more
traditional risk factors for venous VTE including cancer,
immobility, post-surgery, and obesity. The prevalence
increases when evaluating patients with an initial VTE or
in those with a family history of VTE. In the RIETE reg-
istry of 21,367 patients, 21% were tested for inherited
thrombophilia, of which 32% (7% of the total cohort)
were positive.* The rate of thrombophilia was similar
between those with an unprovoked and provoked VTE.
Factor V Leiden was the most common thrombophilia
(26%) followed by antiphospholipid antibodies (20%)
and prothrombin gene mutation (18%). In a United States
registry of patients with DVT, 5% were found to have a
thrombophilia.’

Table |. Key points to remember.

Thrombophilias can be categorized according to preva-
lence, associated risk with venous and/or arterial thrombo-
sis, implications for women’s health, and contribution to
recurrent thrombotic events. This review will discuss the
major thrombophilias, role for appropriate testing, utility of
testing in arterial thrombosis, in women’s health, and for
risk assessment of recurrent VTE (Table 1).

Major thrombophilias
FactorV Leiden

Factor V Leiden is a result of a guanine-to-adenine substi-
tution at nucleotide 1691 with translation of a glutamine
rather than an arginine at amino acid residue 506. This
mutation in factor V results in resistance to cleavage by
activated protein C and a relative increase in thrombin pro-
duction. The prevalence of heterozygosity for factor V
Leiden varies by ethnicity, with the highest rate in
Caucasian patients (5%) and lower in Hispanic (2%),
African American (1.2%), and Asian (0.4%) patients.®
Testing for factor V Leiden usually occurs in a two-step
process: initially with a screening assay for activated pro-
tein C resistance, followed by direct DNA-based genotyp-
ing in those with a positive screen. Direct DNA testing can
be considered as the first and only test in those patients
with a family member known to have the gene.

Heterozygotes have a three- to fourfold increased risk of
first VTE event (Table 2). Though rare, the risk is further
elevated to 11-fold in homozygotes.”® Though frequently
considered in young patients with VTE, studies from two
decades ago showed that the incidence of VTE was similar
in men <50 years old with or without factor V Leiden; how-
ever, VIE was sixfold higher in those >70 years old with
factor V Leiden compared to those without the mutation,
demonstrating factor V Leiden remains associated with
thrombosis into elderly age.® Although it increases the risk
of an initial VTE, factor V Leiden has not been associated
with recurrence across a number of studies.!®!! Factor V
Leiden has also not been consistently associated with arte-
rial thromboembolism.!%13

Prothrombin gene mutation

The most frequent genetic defect involving the prothrom-
bin gene is substitution of a guanine to adenine at nucleo-
tide 20210 in the 3’ untranslated region. The polymorphism

e Traditional risk factors for venous thromboembolism are much more common than inherited and acquired thrombophilias.
e There is a minimal or modest increased risk of recurrent VTE in patients with thrombophilia, and hypercoagulable testing should
rarely be the primary factor in determination of anticoagulation choice or duration.

e Testing should not be performed in clearly provoked events.

e Factor V Leiden and prothrombin gene mutation do not increase the risk of recurrent VTE, even with homozygosity or com-
pound heterozygosity; however, positive results may play a role for female family members of child-bearing age.

e Thrombophilias play an important role in women'’s health with implications for contraception, pregnancy, and fertility.

e There is a limited role for thrombophilia evaluation in the majority of arterial thrombosis, including stroke.

e Routine thrombophilia testing should be avoided and limited to specific circumstances where it is expected to change manage-
ment (e.g. first-degree relative of child-bearing age, choice of anticoagulant if concern for antiphospholipid antibodies).
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Table 2. Risk of initial and recurrentVTE.

Thrombophilia Initial VTE risk RecurrentVTE risk Arterial thrombosis
Factor V Leiden heterozygote 3—4x - -
Factor V Leiden homozygote I 1% - -
Prothrombin gene mutation heterozygote 4x - -
Prothrombin gene mutation homozygote 7% - -
Compound factor V Leiden + prothrombin 20x - -
gene mutation heterozygote
Antithrombin deficiency 16x 4x -
Protein C deficiency 8x 3% -
Protein S deficiency 7% Ta ™I
Antiphospholipid antibody 2—| Ixb Mo ™

(), No associated increased risk; T, mild increased risk. 71, moderate to high increased risk;VTE, venous thromboembolism.
2Hazard ratio for recurrent VTE is not well studied, but the risk is likely elevated.
bRisk of initial VTE varies based on type and number of abnormal test results. Risk of recurrence also varies but may be as high as 44% at 10 years.

causes up to a 30% increase in plasma prothrombin levels
in heterozygotes compared with non-carriers. Prothrombin
gene mutation is most commonly found in the Caucasian
population and is rare in African or Asian descent.!4
Prevalence in Caucasian populations ranges from 1% to
6%, with an overall prevalence of approximately 2%.!4
Testing for prothrombin gene mutation is performed by
direct DNA-based genotyping.

Heterozygotes have an associated fourfold increased
risk of VTE.”® Homozygotes are rare, but have an esti-
mated sevenfold increased risk.” Some patients may have
compound heterozygosity for both factor V Leiden and pro-
thrombin gene mutation. The reported elevated risk of first
VTE event varies, but may be increased as high as 20-fold.”?
Similar to factor V Leiden, prothrombin gene mutation
does not appear to be associated with an increased risk of
VTE recurrence.!'!'> Prothrombin gene mutation has not
been consistently demonstrated to increase the risk of arte-
rial thromboembolism.!?

Antithrombin deficiency

Antithrombin is a serine protease inhibitor that acts as a
natural anticoagulant via inhibition of thrombin, factor
Xa, and other serine proteases in the coagulation cascade.
Deficiency of antithrombin is inherited in an autosomal
dominant fashion with variable penetrance. Type 1 defi-
ciency is a decreased amount of antithrombin most often
caused by a genetic defect that results in the reduction in
synthesis of the protein and less frequently the stability of
the protein. Type II defects result in functionally defec-
tive antithrombin. Antithrombin levels can be decreased
in various clinical conditions and should not be checked
in such circumstances to avoid false positive testing
(Table 3).1%17 The increased thrombotic risk associated
with antithrombin deficiency occurs when levels are
reduced by approximately 50% from normal range.!®
Antithrombin deficiency should be suspected in patients
that have difficulty achieving therapeutic partial throm-
boplastin time while receiving heparin. Heparin is an
indirect inhibitor of thrombin and factor Xa and requires
antithrombin to be effective; thus, acquired or hereditary

antithrombin deficiency can limit the ability to achieve
adequate anticoagulation with heparin.

Antithrombin deficiency occurs in 1/5000 to 1/500 indi-
viduals and is present in 0.5% of patients with a VTE.!? In
a recent meta-analysis of observational studies, the risk of
first VTE was increased 16-fold in those with antithrombin
deficiency.?? However, the risk of recurrent VTE was ele-
vated only fourfold.?® There is no association of antithrom-
bin deficiency with arterial thrombosis.

Protein C and protein S deficiencies

Protein C is a vitamin K-dependent anticoagulant that
circulates as a zymogen, and once in its activated form it
inactivates factors Va and VIIla. Protein S functions as a
cofactor for activated protein C. Both protein C and pro-
tein S are associated with genetic polymorphisms that
result in either a decreased amount of protein or abnor-
mal function. Both deficiencies are inherited in an auto-
somal dominant fashion. Both are rare in the general
population. In patients with VTE, protein C and S occur
with similar frequency, ranging from 3% to 7%.1%2! The
preferred method for testing protein C is a functional
assay to evaluate both levels and function. Assessing
protein S is best performed by checking the free protein
S level.

Protein C is associated with an eightfold increased risk
of VTE and protein S is associated with a five- to sevenfold
increased risk of VTE.?2 Risk of VTE recurrence was found
to be at least threefold higher in patients with protein C
deficiency. Reported rates of recurrent VTE in patients with
protein S deficiency range from 7% to 16% per year.23-2
Protein S deficiency has been associated with coronary
artery disease in otherwise healthy middle aged men.?> No
association between stroke in protein C or protein S defi-
ciencies has been demonstrated.

Antiphospholipid antibody syndrome

Antiphospholipid antibody syndrome is an acquired
thrombophilia that involves the development of one or
more autoantibodies against antigens on cell membrane
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Table 3. Effect of testing while on anticoagulation and various clinical conditions.'é!”

Lab test DOAC effect Comments Avoid testing in concomitant clinical
conditions
Activated PCR 0 aPTT-based assays affected -
FVL direct DNA-based No effect — -
genotyping
PTG direct DNA-based No effect - -
genotyping

Antithrombin activity ta Antithrombin-based assays affected : Acute thrombosis, DIC, nephrotic
by dabigatran. Anti-factor Xa-based syndrome, surgery or trauma,
assays affected by factor Xa inhibi- heparin exposure, ECMO, hemo-
tors dialysis

Protein C No effect/T? Chromogenic and antigen-based tests d: Acute thrombosis, inflammation,
are unaffected. Clot-based tests are active infection or malignancy,
affected DIC, liver disease.

T Nephrotic syndrome, HLD, aging

Protein S No effect/T® Chromogenic and antigen-based tests d: Acute thrombosis, pregnancy,
are unaffected. Clot-based tests are OCP, DIC, liver disease, ne-
affected phrotic syndrome

Lupus anticoagulant e Less effect with apixaban d: Acute thrombosis may decrease

aPTT screening

dRVVT T - -

Anticardiolipin antibodies No effect - -

Anti-f3, glycoprotein-| No effect - -

antibodies

(9), not applicable; T, increased risk; |, decreased risk; aPTT, activated partial thromboplastin time; DIC, disseminated intravascular coagulation;
DOAC, direct oral anticoagulant; dRVVT, dilute Russell viper venom time; ECMO, extracorporeal membrane oxygenation; FVL, factor V Leiden; HLD,
hyperlipidemia; OCP, oral contraceptive pill; PCR, protein C resistance; PTG, prothrombin gene.

2Decreased with recent heparin exposure; "decreased with warfarin exposure; ‘warfarin administration may result in false negative.

Testing should be delayed for at least 2 weeks after cessation of warfarin and five half-lives after cessation of DOACs.

phospholipids, the associated plasma proteins, or plasma
coagulation molecules. These antibodies increase the risk
of both arterial and venous thrombosis through multiple
mechanisms that may result in endothelial injury and acti-
vation of coagulation.?6 Though VTE and stroke are the
most common clinical presentations of antiphospholipid
antibodies, any arterial or venous circulation can be
affected. Positive anticardiolipin antibodies after VTE has
been associated with an increased VTE recurrence, along
with increased risk of death at 4-year follow up compared
to patients with VTE and negative antibodies.?’
Antiphospholipid antibodies also play an important role
in maternal complications, as will be discussed below. A
rare presentation of antiphospholipid antibody syndrome
is the development of acute thromboses in multiple vascu-
lar beds with resultant multisystem organ failure, referred
to as catastrophic antiphospholipid antibody syndrome.
Diagnosis of antiphospholipid syndrome requires
both clinical and laboratory abnormalities in accordance
with the Sappora criteria (Table 4).28 Antiphospholipid
antibodies are assessed individually, with tests for lupus
anticoagulant, anticardiolipin antibodies, anti-p, glyco-
protein-1 antibodies, and antiprothrombin antibodies
being some of the more frequently utilized. The initial
screening test for lupus anticoagulant is most commonly
with activated partial thromboplastin time (aPTT). If
aPTT is prolonged, the patient’s plasma is mixed with
normal plasma, and if it remains prolonged a confirma-
tory test is performed with the hexagonal phase

phospholipid (HPPL) test. HPPL is a soybean extract of
phospholipid that will bind to lupus anticoagulant, thus
the aPTT will shorten if HPPL is added in the presence
of lupus anticoagulant. An additional screening test for
lupus anticoagulant includes dRVVT, which will be pro-
longed in the presence of lupus anticoagulant.

Unlike many of the thrombophilias discussed above,
antiphospholipid antibodies are clearly associated with arte-
rial thrombosis. Antiphospholipid antibodies are estimated
to be present in 9% of women with pregnancy loss, 14%
with stroke, 11% with myocardial infarction (MI), and 10%
with DVT.?° Risk of thrombosis appears to vary with the
type and number of antiphospholipid antibodies present.
Lupus anticoagulant is associated with an 11-fold increased
risk of thrombosis, with a milder increased risk of 1.6-fold
in those with anticardiolipin antibodies.?° Risk appears to be
higher when triple positivity is present.! Risk of recurrent
thrombosis is high with estimates of 12% at 1-year follow
up, 17-26% at 5 years, and 30—44% at 10 years.3!-32

Hyperhomocysteinemia

Risk of VTE increases up to fourfold if homocysteine levels
are >22 pmol/L; levels less than this are associated with min-
imal risk.>* Markedly elevated levels of homocysteine are
also associated with arterial thromboembolism. Though the
risk of thrombosis may be elevated in patients with methyl-
enetetrahydrofolate reductase (MTHFR) polymorphisms,
which result in elevated homocysteine levels, there is a high



392

Vascular Medicine 23(4)

Table 4. Diagnostic criteria for antiphospholipid antibody syndrome.?®

Laboratory criteria?

Positive lupus anticoagulant

IgG or IgM anticardiolipin antibody

IgG or IgM anti-B, glycoprotein antibody
Clinical criteria
Vascular thrombosis

Venous or arterial thrombosis in any vascular bed not associated with vasculitis

Pregnancy complications

Unexplained death of a normal fetus at 10 or more weeks’ gestation
Premature birth of a normal fetus before 34 weeks’ gestation due to eclampsia, severe pre-eclampsia, or placental insufficiency
Three or more unexplained, consecutive, spontaneous abortions before 10 weeks’ gestation not related to chromosomal or

anatomic abnormalities

At least one laboratory and one clinical criteria must be present to meet the diagnosis of antiphospholipid anti-

body syndrome

IgG, immunoglobulin G; IgM, immunoglobulin M.

2Abnormal test results must be confirmed on two different occasions, at least 12 weeks apart, to meet diagnostic criteria.

prevalence in the general population and it has not been
shown to increase the risk of first or recurrent VTE.” Most
thrombosis specialists do not regularly check homocysteine
levels in patients with thrombosis as no therapy targeted to
lower homocysteine has been shown to change thromboem-
bolic risk.

Lipoprotein(a)

Lipoprotein(a) is a type of low-density lipoprotein.
Levels can vary and are primarily determined by various
polymorphisms. Elevated lipoprotein(a) is believed to
have a causal relationship with MIs and is a risk factor
for stroke. Increased lipoprotein(a) levels, particularly in
low molecular weight phenotypes, have also been impli-
cated in thrombosis via numerous mechanisms, includ-
ing inhibition of the fibrinolytic pathway via attenuation
of plasminogen binding to fibrin and enhancement of the
tissue factor-mediated pathway.3* Though there is a clear
association with lipoprotein(a) and cardiovascular dis-
ease, there are contradicting data regarding an associa-
tion with VTE in adults; however, one meta-analysis did
demonstrate an almost twofold increased risk with levels
>300 mg/L.3%:3¢ Another meta-analysis showed a fivefold
increased risk for initial VTE in children, with no sig-
nificant increased risk in rate of recurrent VTE.3’
Lipoprotein(a) is rarely checked in VTE, but can be con-
sidered in a patient with premature coronary artery dis-
ease without other risk factors.

Thrombophilia and women’s health

There are unique considerations in women’s health that
warrant specific note when considering thrombophilia
evaluation, including contraception selection, pregnancy
associated VTE, and infertility.

Contraception and thrombophilia

Combination oral contraceptive pills (OCPs), particularly
those with third generation progestins, are associated with

at least a three- to fourfold increased risk of VTE and a
doubling of the risk of recurrence if continued after an ini-
tial event.!>3% Estrogen-based OCPs compound the base-
line risk of VTE in patients with a thrombophilia and are
associated with a 20- to 40-fold increased risk of an initial
VTE event. The risk appears to be highest within the first 6
months after OCP initiation.? When compared with women
without factor V Leiden and no OCP use, VTE risk was
fourfold higher in those with OCP use and a non-carrier of
factor V Leiden, sevenfold higher in heterozygotes for fac-
tor V Leiden and no OCP use, and 35-fold higher with OCP
use in heterozygotes for factor V Leiden.?® A recent meta-
analysis suggests only a slightly greater risk of VTE in
those with high-risk thrombophilia and OCP use (seven-
fold) compared with those with low-risk thrombophilia and
OCP use (sixfold).*’ In a study evaluating women who had
VTE while taking an OCP, the presence of a family history
of VTE was not associated with risk of VTE with OCP use;
however, the presence of thrombophilia did (odds ratio
(OR) 2.13, 95% confidence interval (CI) 1.32-3.51; p =
0.003).4! Interestingly, in the same study, smoking similarly
increased risk of VTE as the presence of thrombophilia
(OR 1.65, 95% CI 1.30-2.10; p<0.0001) and a body mass
index >35 kg/m? was associated with an even higher risk
than thrombophilia (OR 3.46, 95% CI 1.81-7.03; p =
0.0003).

Second generation OCPs with low-dose estrogen and
progestins, such as levonorgestrel, are the safest combina-
tion formulations. Reduction of the estrogen component
from 50 pg to 3040 pg reduces the risk of VTE, with lower
doses (20-30 pg) associated with the lowest risk. The pro-
gestin only pill, the Mirena® intrauterine device (IUD)
(which releases approximately 20 pg of levonorgestrel), and
copper intrauterine devices are not associated with VTE. We
advise against the use of depot medroxyprogesterone ace-
tate injections as some association of increased risk has been
demonstrated.*> We do not recommend the regular screen-
ing of inherited thrombophilias prior to initiation of OCPs;
however, testing can be considered in those patients with a
known family history of thrombophilia as it may alter the
contraceptive choice in discussion with the patient.
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Infertility and pregnancy risks

Thrombophilias have been associated with increased risk of
both early and late miscarriages. Increased risk of miscar-
riage for the majority of thrombophilias ranges from two-
to fourfold, but may be as high as 20-fold for late
miscarriages in women with protein S deficiency.®
Thrombophilia is also associated with increased risk of
severe pre-eclampsia, abruptio placentae, and fetal growth
retardation.* Both heterozygosity for factor V Leiden or
prothrombin gene mutation are associated with an approxi-
mate doubling of the risk of recurrent pregnancy loss.*> The
rate of thrombophilia among women with infertility has
been estimated to be quite high. In one small study of 45
women undergoing in vitro fertilization, all underwent
thrombophilia testing: 32 (71%) were found to have a
thrombophilia.*

Common scenarios for thrombophilia testing in the
women’s health setting include: history of prior thrombo-
sis, unexplained fetal death at >10 weeks’ gestation, history
of premature delivery at <34 weeks’ gestation, history of
eclampsia or severe pre-eclampsia, and history of two or
more unexplained miscarriages. Although some guidelines
suggest reserving testing to patients with three or more mis-
carriages, we emphasize minimizing the repetitive emo-
tional and psychological trauma of miscarriage before
thrombophilia testing. Guidelines also suggest only testing
for thrombophilia in women with first trimester pregnancy
loss. Observational studies show that miscarriage can occur
at any point in pregnancy, early or late, in patients with
thrombophilia.

Thrombophilia, pregnancy, and VTE

During pregnancy, there are multiple physiologic changes
that establish a hypercoagulable state, including increased
resistance to activated protein C, fibrinogen, and factors II,
VII, VIII, IX, and X, and decreased protein S. Non-
coagulation-related changes that further increase risk of
VTE include greater venous capacitance, uterine compres-
sion of pelvic veins, and a tendency for decreased mobility,
especially in the late stages of pregnancy. Pregnancy is
additive in the baseline risk of VTE in patients with throm-
bophilia. Compared to pregnant women without a thrombo-
philia, there is a ninefold increased risk of an initial VTE in
heterozygote carriers of factor V Leiden, a sevenfold
increased risk in heterozygote carriers of prothrombin gene
mutation, and a 34-fold increased risk in pregnant homozy-
gote carriers of factor V Leiden. A recent study found those
with homozygosity for factor V Leiden or prothrombin
gene mutation or compound heterozygosity experienced a
nearly 8% risk of VTE during pregnancy regardless of fam-
ily history of VTE.47 A meta-analysis of observational stud-
ies demonstrated the absolute risk of VTE with high-risk
thrombophilias ranged from 1% to 7% in the antepartum
period and 3-11% in the postpartum period. Low-risk
thrombophilias were associated with a total risk of <3%
during the peripartum period.*® Despite these associated
increased risks, given the overall low prevalence of throm-
bophilias and number of women who become pregnant,

thrombophilia testing is not routinely performed in preg-
nant women. Testing can be considered in those with a sug-
gested personal or family history of thrombosis.

Thrombophilia and stroke

Thrombophilia testing is frequently performed in patients
with an ischemic stroke, particularly those of an unclear etiol-
ogy and in younger patients (<50 years old).*>>° The benefit
of such testing has not been well supported in the literature. A
case—control study of 219 patients with a first ischemic stroke
found a prevalence of thrombophilia to be 14.7% in those
with a stroke and 11.7% in the control group.’' The presence
of thrombophilia was thought to be more likely coincidental
rather than causative in the majority of cases. A systemic
review evaluated the prevalence of specific thrombophilias
after an ischemic stroke and found a lupus anticoagulant in
3%, anticardiolipin antibodies in 17%, factor V Leiden in 7%,
and prothrombin gene mutation in 5%, with a slightly higher
rate in those <50 years of age. Protein C, protein S, and
antithrombin deficiencies were rare.>°

The Antiphospholipid Antibodies and Stroke Study was
a prospective cohort study within the Warfarin—Aspirin
Recurrent Stroke Study (WARSS). Of the 1770 patients
included, all of whom had an ischemic stroke, 720 (41%)
were classified as antiphospholipid antibody positive.
However, there were equal rates of thrombo-occlusive
events in those with or without antiphospholipid antibod-
ies. Further, in those patients with antiphospholipid anti-
bodies, there was no decrease in risk of events in those
receiving warfarin versus aspirin. There was a suggestion
of a higher event rate in those who tested positive for both
lupus anticoagulant and anticardiolipin antibodies com-
pared with those who were negative for both (unadjusted
relative risk (RR) 1.36, 95% CI 0.97-1.93; p = 0.07).32
Other data demonstrated an increased risk of recurrent
stroke in those with persistently elevated antiphospholipid
antibodies in patients 18—45 years old (hazard ratio (HR)
2.74, 95% CI 1.75-4.30; p < 0.001).3 There was no
increased risk in patients with factor V Leiden or prothrom-
bin gene mutation.

Limited thrombophilia testing with antiphospholipid
antibodies can be considered in young patients with no
other clear source of stroke, particularly those with sys-
temic lupus erythematosus; however, it remains unclear
how such results should inform management of these
patients based on the data above. Thrombophilia testing in
patients with recurrent cryptogenic stroke or prior thrombo-
sis may also be reasonable if there is consideration for long-
term anticoagulation, though the data to support such a
practice are limited. There are no definitive data supporting
testing for factor V Leiden, prothrombin gene mutation,
protein C, protein S, and antithrombin deficiencies.

There are conflicting data regarding the association and
causal relationship of hyperhomocysteinemia and stroke. In
the Vitamin Intervention for Stroke Prevention trial, there
was no difference in rates of stroke, MI or death in those
who received high versus low-dose vitamin B supplemen-
tation for reduction of homocysteine levels.’* The com-
bined endpoint was also negative in the HOPE-2 trial in
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which patients received folic acid or vitamin B supplemen-
tation, though there was a slightly decreased risk of stroke
(RR0.75,95% C1 0.59-0.97; p = 0.03).>5 Testing for hyper-
homocysteinemia in the setting of an ischemic stroke is of
low yield given the rare prevalence of very elevated levels;
though it can be considered in those with recurrent crypto-
genic stroke. In a review of 19,678 patients with thrombo-
sis who underwent thrombophilia testing, two per 1000 had
severely elevated levels (>100 umol/L) and only two out of
10,000 had a stroke as their first thrombotic event. As noted
above, targeted intervention to lower homocysteine levels
does not appear to impact thrombotic risk.>¢

Testing strategies

When considering thrombophilia testing, a patient-centered
approach is paramount together with an understanding of
what the clinical implications of such results are and if/how
the results would ultimately change management. Testing is
often contemplated when determining the duration of anti-
coagulation after a thrombotic event, to aid in the predic-
tion of recurrence, to establish the optimal intensity of
thromboprophylaxis, to assess the risk during pregnancy or
hormonal contraceptive use, or to identify family members
at elevated risk.

We consider thrombophilia testing in select patients
with specific clinical characteristics that are suggestive of a
potential thrombophilia, such as patients with thrombosis at
a young age, particularly those with weak provoking fac-
tors or an unprovoked event, a family history of VTE (spe-
cifically a first-degree relative with an event at a young
age), recurrent VTE, and VTE in unusual sites like the
splanchnic or cerebral veins, and recurrent pregnancy loss
(Figures 1 and 2). VTE is more common with aging due to
increased concomitant non-inherited hypercoagulable
states. Rates of VTE increase significantly in those >60
years old;* thus, those patients who are younger are more
likely to have a thrombophilia as the cause of their VTE.

There is an increased association of thrombophilias with
splanchnic and cerebral venous thromboses.5” Though test-
ing is commonly performed, such events are more often
associated with other contributing factors such as cirrhosis,
anatomic abnormalities (e.g. local compression by a mass),
or elevated estrogen states. The role of such testing and the
implications of thrombophilia results is not well defined
and mostly based on expert consensus. Patients with unpro-
voked splanchnic vein thrombosis should also be assessed
for myeloproliferative neoplasms and paroxysmal noctur-
nal hemoglobinuria.

Testing can be considered in those with a strong family
history of VTE, particularly in those with a first-degree
relative with an unprovoked VTE at an age <50 years with
a known thrombophilia status. Issues can arise when testing
patients with a family history but an unknown thrombo-
philia status in the effected family member. Negative test
results can lead to inappropriate reassurance and under
treatment or prophylaxis. First-degree relatives of patients
that have had a prior VTE are at elevated risk even if throm-
bophilia testing is negative in the index patient.>

A meta-analysis and cost-effectiveness analysis that
evaluated thrombophilia screening in select patient popula-
tions in the United Kingdom demonstrated screening in
patients prior to hormone replacement therapy was most
cost-effective.®® Screening prior to initiation of combina-
tion OCP was least cost-effective. Testing prior to major
orthopedic surgery was intermediate in terms of cost-effec-
tiveness. Overall, screening was more cost-effective when
performed in patients with a previous personal and/or fam-
ily history of VTE. A Markov model evaluated testing or no
testing followed by 6-36 months of anticoagulation in a
cohort of patients with unprovoked DVT. Thrombophilia
testing followed by 24 months of anticoagulation in those
with a positive test was more cost-effective than no testing
with 6 months of anticoagulation. Lifetime anticoagulation
was preferred based on cost for patients with antiphospho-
lipid antibody syndrome and homozygous carriers of factor
V Leiden.%!

Testing should not be performed when there is a clear
provoking event in the absence of other factors suspicious
for thrombophilia or in those with concomitant malignancy,
as such results should not alter the treatment plan.!-58 If test-
ing is pursued, it can be performed all at once or in a step-
wise fashion. We recommend focused testing for those
particular thrombophilias that are most likely to affect clin-
ical decision-making or are most prevalent, rather than
sending all-inclusive ‘thrombophilia panels’. Factor V
Leiden, prothrombin gene mutation, and antiphospholipid
antibodies are more prevalent than the other thrombo-
philias. Protein C, protein S, antithrombin deficiencies, and
homocysteine levels tend to be of low yield and should gen-
erally be limited to individuals with particularly high-risk
and unique presentations. Testing for factor VII activity,
elevated IX, and XI activity, levels of fibrinogen and plas-
minogen activator inhibitor-1, and MTHFR gene mutation
are not definitively associated with risk or require further
validation prior to implementation in thrombophilia
testing.>8

When deemed appropriate, factor V Leiden, prothrom-
bin gene mutation, and antiphospholipid antibodies
(excluding lupus anticoagulant) can be tested in the acute
phase of thrombosis in the initial evaluation, as they are
neither affected by acute thrombosis or anticoagulants,
though such results rarely alter the initial anticoagulation
plan. Protein C, protein S, and antithrombin deficiencies
can be considered in secondary evaluation in select patients
after the completion of anticoagulation. Other than the rare
circumstance where testing is felt to be of particular impor-
tance in the initial evaluation or treatment plan, we recom-
mend deferring testing to an outpatient follow up
appointment. Such a strategy allows for more time for dis-
cussion with the patient of the implications of such testing
and the management options, compared to the often hectic
and overwhelming acute hospital setting.

Thrombophilia and recurrent VTE

Much of the debate regarding utility of thrombophilia test-
ing after an initial VTE is the implication of such results on
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Figure |. Approach to thrombophilia testing in deep vein thrombosis (DVT) and pulmonary embolism (PE). (A) The provocation
of an initial deep vein thrombosis or pulmonary embolism should be the main factor in determining the role of testing. (B) Testing
should be considered in all patients with a recurrent venous thromboembolism.

treatment decisions. Though associated with initial VTE
events, inherited thrombophilias have either a modest or no
association with risk of recurrence. Thus, such testing
should play a limited role in decisions regarding choice or
duration of anticoagulation. A prior study evaluated the role
of thrombophilia testing after an initial VTE and demon-
strated no difference in recurrence whether testing had been
performed or not.®2 There are multiple prediction models
available to aid in assessing risk of VTE recurrence.
Notably, most models do not include thrombophilia status
in the risk calculation for recurrence.®3%4

Antiphospholipid antibodies, protein C, protein S, and
antithrombin deficiency likely increase the risk of recur-
rence. Factor V Leiden and prothrombin gene mutation do
not appear to increase the risk in heterozygotes, homozy-
gotes, or compound heterozygotes.!! In a study of 474
patients with a first VTE event, extensive thrombophilia test-
ing was performed and patients were followed for 7 years.!3

The cumulative incidence of recurrent PE was 19% and was
similar between those with a thrombophilia and those with-
out a thrombophilia (HR 1.4, 95% CI 0.9-2.2). Patient fac-
tors were significantly associated with an increased
recurrence rate, including male sex (HR 2.7, 95% CI 1.4—
5.1) and idiopathic event (HR 1.9, 95% CI 1.2-2.9).

In an analysis of 1626 patients with initial VTE, unpro-
voked VTE (adjusted HR 2.30, 95% CI 1.82-2.9) and pres-
ence of thrombophilia were similarly associated with
recurrence (adjusted HR 2.02, 95% CI 1.52-2.69).9
However, recurrence rate was similar between those who
underwent thrombophilia testing and those who did not
(21.9% vs 21.5%). Even antiphospholipid antibodies are
associated with a variable risk of recurrence when evalu-
ated in a systematic review.®® Location of the venous throm-
bosis and the number and severity of positive
antiphospholipid antibodies should also be considered
when assessing recurrence risk. A randomized, controlled
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Figure 2. Approach to thrombophilia testing in unusual venous thrombosis, arterial thrombosis, and women'’s health. (A) Testing
should be considered in patients with unprovoked splanchnic, gonadal, or cerebral venous thrombosis, including evaluation of
myeloproliferative disorders with JAK2 gene mutation analysis. Testing in patients with arterial thrombosis should be limited to
young patients without other risk factors for their presentations. (B) There are various clinical circumstances where testing can be
considered in women’s health. (DVT, deep vein thrombosis; PNH, paroxysmal nocturnal hemoglobinuria; PE, pulmonary embolism.)

trial to evaluate the role of thrombophilia testing at the time
of initial VTE and subsequent risk of recurrent VTE was
stopped early due to low enrollment and funding issues.®’

Duration and choice of
anticoagulation

Standard, therapeutic intensity anticoagulation should be
prescribed in the acute phase of VTE treatment according
to guidelines regardless of whether a thrombophilia is sus-
pected or detected. The more difficult management deci-
sion arises in determining the duration of anticoagulation.
Thrombophilia status has been utilized to justify continua-
tion or cessation of anticoagulation. However, as noted
above, given no or minimal elevated risk of recurrence with
most thrombophilias, we recommend the provoked or
unprovoked nature of the initial VTE event should be pri-
mary in guiding decisions about the duration of anticoagu-
lation. A negative thrombophilia evaluation should not be
the sole justification for cessation of anticoagulation. We
recommend indefinite anticoagulation in patients with an
unprovoked VTE, regardless of whether a patient has

heterozygosity or recurrence that may be as high as 50% at
10 years.5> Patients with a clearly provoked VTE warrant
3—-6 months of anticoagulation, regardless of whether a
patient has heterozygosity or homozygosity for factor V
Leiden or prothrombin gene mutation, or are compound
heterozygote carriers.!->!3 Patients with provoked or unpro-
voked VTE who are confirmed to have antiphospholipid
antibodies with two positive tests at least 12 weeks apart
should receive indefinite duration anticoagulation because
of a high risk of VTE recurrence. Of note, in a study evalu-
ating VTE recurrence while taking warfarin, 42% of the
661 patients had a thrombophilia. The rate of recurrence
was similar between those with and without a thrombo-
philia while on warfarin.®

Direct oral anticoagulants (DOACs) are recommended
as first-line treatment for VTE by recent guidelines.! A
small proportion of patients with inherited thrombophilia
were included in the initial studies of DOACs in VTE and
case series of patients with thrombophilia suggest effi-
cacy.®® Growing evidence suggests a role for longer-term
anticoagulation with ‘half-dose” DOACs in patients with
unprovoked and even some patients with provoked events.
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Such a management approach may further limit the role for
thrombophilia testing.”%7! A post hoc analysis and case
series demonstrate the efficacy of DOACs in the setting of
antiphospholipid antibodies, but given the overall small
sample size to date many still prefer warfarin in patients
with antiphospholipid antibodies.’>”> Focused testing may
be considered in patients where there is concern for
antiphospholipid antibodies, being mindful that DOACs
may result in a false positive lupus anticoagulant test.

Cases

Case #1: We do not recommend routine evaluation

of thrombophilia status prior to initiation of OCP;
however, this patient has a family history of multiple
VTE events. We would consider thrombophilia testing
for her because it would have implications for her and
her family members, including initial screening for
factor V Leiden with activated protein C resistance and
prothrombin gene mutation.

Case #2: We do not recommend evaluating thrombo-
philia status after a clearly provoked VTE, even in the
setting of a family history of VTE.

Case #3: We do not recommend sending ‘thrombo-
philia panels’, particularly in the acute phase. The
patient was on anticoagulation with a DOAC after

a recent event. The positive dRVVT is likely a false
positive while receiving a DOAC, and protein S can be
low in the acute setting. The patient warrants long-term
anticoagulation as this was an unprovoked event, but if
she were to stop anticoagulation at some point, repeat
dRVVT testing could be considered at that time.

Conclusions

Evaluation of inherited and acquired thrombophilias remain
a difficult area of clinical decision-making. Routine throm-
bophilia testing should not be performed in the majority of
patients with venous and arterial thrombosis. Testing should
be guided by each individual patient’s clinical circum-
stances and with consideration of how the potential results
would change management.

Declaration of conflicting interests

The authors declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: Gregory Piazza receives research grant support from
EKOS, a BTG International Group company, Bristol-Myers
Squibb, Daiichi-Sankyo, and Janssen, and consulting fees from
Portola and Bayer. Brett Carroll has disclosed no financial rela-
tionship or interest with any proprietary entity producing health-
care goods or services.

Funding

This authors disclosed no financial support for the research, author-
ship, and/or publication of this article.

ORCID iD

Brett J Carroll https://orcid.org/0000-0002-6704-5663

References

*Key References

1. Kearon C, Akl EA, Ornelas J, et al. Antithrombotic therapy for
VTE disease: CHEST guideline and expert panel report. Chest
2016; 149: 315-352. *Most recent guidelines regarding
evaluation and management of venous thromboembolism.

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

3. Hicks LK, Bering H, Carson KR, et al. The ASH Choosing
Wisely® campaign: Five hematologic tests and treatments to
question. Blood 2013; 122: 3879-3883.

4. Roldan V, Lecumberri R, Munoz-Torrero JF, et al.
Thrombophilia testing in patients with venous thrombo-
embolism. Findings from the RIETE registry. Thromb Res
2009; 124: 174-177.

5. Goldhaber SZ, Tapson VF. A prospective registry of 5,451
patients with ultrasound-confirmed deep vein thrombosis.
Am J Cardiol 2004; 93: 259-262.

6. Ridker PM, Miletich JP, Hennekens CH, et al. Ethnic distri-
bution of factor V Leiden in 4047 men and women. JAMA
1997; 277: 1305-1307.

7. Simone B, De Stefano V, Leoncini E, et al. Risk of venous
thromboembolism associated with single and combined
effects of factor V Leiden, prothrombin 20210a and methyl-
enetethraydrofolate reductase c677t: A meta-analysis involv-
ing over 11,000 cases and 21,000 controls. Eur J Epidemiol
2013; 28: 621-647.

8. Emmerich J, Rosendaal FR, Cattaneo M, et al. Combined
effect of factor V Leiden and prothrombin 20210A on the
risk of venous thromboembolism. Thromb Haemost 2001,
86: 809-816.

9. Ridker PM, Glynn RJ, Miletich JP, et al. Age-specific inci-
dence rates of venous thromboembolism among heterozy-
gous carriers of factor V Leiden mutation. Ann Intern Med
1997; 126: 528-531.

10. Ho WK, Hankey GJ, Quinlan DJ, et al. Risk of recurrent
venous thromboembolism in patients with common throm-
bophilia. Arch Intern Med 2006; 166: 729-736.

11. Lijfering WM, Middeldorp S, Veeger NJ, et al. Risk of recur-
rent venous thrombosis in homozygous carriers and double
heterozygous carriers of factor V Leiden and prothrombin
G20210A. Circulation 2010; 121: 1706-1712.

12. 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:
1405-14009.

13. Ridker PM, Henneckens CH, Indpaintner KL, et al.
Mutation in the gene coding for coagulation factor V and
the risk of myocardial infarction, stroke, and venous throm-
bosis in apparently healthy men. N Engl J Med 1995; 332:
912-917.

14. Rosendaal FR, Doggen CJ, Zivelin A, et al. Geographic dis-
tribution of the 20210G to a prothrombin variant. Thromb
Haemost 1998; 79: 706—708.

15. Christiansen SC, Cannegieter SC, Koster T, et al
Thrombophilia, clinical factors, and recurrent venous throm-
botic events. JAMA 2005; 293: 2352-2361. *Establishes the
association of recurrent thrombosis with various thrombo-
philias.

16. Douxfils J, Ageno W, Samama CM, et al. Laboratory testing
in patients treated with direct oral anticoagulants: A practical
guide for clinicians. J Thromb Haemost 2018; 16: 209-219.



398

Vascular Medicine 23(4)

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Favaloro EJ, Lippi G. Laboratory testing in the era of direct
or non-vitamin K antagonist oral anticoagulants: A practi-
cal guide to measuring their activity and avoiding diagnostic
errors. Semin Thromb Hemost 2015; 41: 208-227.

Lane DA, Bayston T, Olds RJ, et al. Antithrombin mutation
database: 2nd (1997) update. For the Plasma Coagulation
Inhibitors Subcommittee of the Scientific and Standardization
Committee of the International Society on Thrombosis and
Haemostasis. Thromb Haemost 1997; 77: 197-211.

Mateo J, Oliver A, Borrell M, et al. Laboratory evaluation
and clinical characteristics of 2,132 consecutive unselected
patients with venous thromboembolism — Results of the
Spanish Multicentric Study on Thrombophilia (EMET-
study). Thromb Haemost 1997; 77: 444-451.

Di Minno MN, Ambrosino P, Ageno W, et al. Natural anti-
coagulants deficiency and the risk of venous thromboembo-
lism: A meta-analysis of observational studies. Thromb Res
2015; 135: 923-932.

Heijboer H, Brandjes DP, Buller HR, et al. Deficiencies of
coagulation-inhibiting and fibrinolytic proteins in outpa-
tients with deep-vein thrombosis. N Engl J Med 1990; 323:
1512-1516.

Martinelli I, Mannucci PM, De Stefano V, et al. Different
risks of thrombosis in four coagulation defects associated
with inherited thrombophilia: A study of 150 families. Blood
1998; 92: 2353-2358.

Van den Belt AG, Sanson BJ, Simioni P, et al. Recurrence of
venous thromboembolism in patients with familial thrombo-
philia. Arch Intern Med 1997; 157: 2227-2232.

Vossen CY, Walker ID, Svensson P, et al. Recurrence rate
after a first venous thrombosis in patients with familial
thrombophilia. Arterioscler Thromb Vasc Biol 2005; 25:
1992-1997.

Ken-Dror G, Cooper JA, Humphries SE, et al. Free protein S
level as a risk factor for coronary heart disease and stroke in
a prospective cohort study of healthy United Kingdom men.
Am J Epidemiol 2011; 174: 958-968.

Giannakopoulos B, Krilis SA. The pathogenesis of the
antiphospholipid syndrome. N Engl J Med 2013; 368: 1033—
1044.

Schulman S, Svenungsson E, Granqvist S, et al.
Anticardiolipin antibodies predict early recurrence of throm-
boembolism and death among patients with venous thrombo-
embolism following anticoagulant therapy. Am J Med 1998;
104: 332-338.

Miyakis S, Lockshin MD, Atsumi T, et al. International
consensus statement on an update of the classification cri-
teria for definite antiphospholipid syndrome. J Thromb
Haemost 2006; 4: 295-306. *Remains the guideline uti-
lized for appropriate diagnosis of antiphospholipid anti-
body syndrome.

Andreoli L, Chighizola CB, Banzato A, et al. Estimated fre-
quency of antiphospholipid antibodies in patients with preg-
nancy morbidity, stroke, myocardial infarction, and deep
vein thrombosis: A critical review of the literature. Arthritis
Care Res (Hoboken) 2013; 65: 1869—-1873.

Galli M, Luciani D, Bertolini G, et al. 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.
Pengo V, Ruffatti A, Legnani C, et al. Clinical course of
high-risk patients diagnosed with antiphospholipid syn-
drome. J Thromb Haemost 2010; 8: 237-242.

Cervera R, Serrano R, Pons-Estel GJ, et al. Morbidity and
mortality in the antiphospholipid syndrome during a 10-year

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49.

period: A multicentre prospective study of 1000 patients.
Ann Rheum Dis 2015; 74: 1011-1018.

Den Heijer M, Oster TK, Blom HJ, et al
Hyperhomocysteinemia as a risk factor for deep-vein throm-
bosis. N Engl J Med 1996; 334: 759-762.

Ferretti G, Bacchetti T, Johnston TP, et al. Lipoprotein(a): A
missing culprit in the management of athero-thrombosis? J
Cell Physiol 2018; 233: 2966—2981.

Kamstrup PR, Tybjaerg-Hansen A, Nordestgaard BG.
Genetic evidence that lipoprotein(a) associates with athero-
sclerotic stenosis rather than venous thrombosis. Arterioscler
Thromb Vasc Biol 2012; 32: 1732-1741.

Sofi F, Marcucci R, Abbate R, et al. Lipoprotein (a) and
venous thromboembolism in adults: A meta-analysis. 4m J
Med 2007; 120: 728-733.

Young G, Albisetti M, Bonduel M, et al. Impact of inherited
thrombophilia on venous thromboembolism in children: A
systematic review and meta-analysis of observational stud-
ies. Circulation 2008; 118: 1373-1382.

Vandenbroucke JP, Rosing JR, Bloemenkamp KW, et al.
Oral contraceptives and the risk of venous thrombosis. N
Engl J Med 2001; 34: 1527-1535.

Vandenbroucke JP, Koster T, Briet E, et al. Increased risk of
venous thrombosis in oral-contraceptive users who are carri-
ers of factor V Leiden. Lancet 1994; 344: 1453—-1457.

Van Vlijmen EF, Wiewel-Verschueren S, Monster TB, et al.
Combined oral contraceptives, thrombophilia and the risk of
venous thromboembolism: A systematic review and meta-
analysis. J Thromb Haemost 2016; 14: 1393—-1403. *Recent
review and meta-analysis of the association of thrombo-
philias and oral contraceptive use.

Suchon P, Al Frouh F, Henneuse A, et al. Risk factors for
venous thromboembolism in women under combined oral
contraceptive. The Pill Genetic Risk Monitoring (PILGRIM)
study. Thromb Haemost 2016; 115: 135-142.

Tepper NK, Whiteman MK, Marchbanks PA, et al. Progestin-
only contraception and thromboembolism: A systematic
review. Contraception 2016; 94: 678-700.

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

Kupferminc MJ, Elder A, Steinman N, et al. Increased fre-
quency of genetic thrombophilia in women with complica-
tions of pregnancy. N Engl J Med 1999; 340: 9—13.
Kovalevsky G, Gracia CR, Berlin JA, et al. Evaluation
of the association between hereditary thrombophilias and
recurrent pregnancy loss. Arch Intern Med 2004; 164:
558-563.

Petukhova NL, Tsaturova KA, Vartanian EV, et al. Study of
the frequency of occurrence of genetic and acquired throm-
bophilia in infertile women prior IVF. Gynecol Endocrinol
2014; 30: 32-34.

Gerhardt A, Scharf RB, Greer IA, et al. Hereditary risk fac-
tors for thrombophilia and probability of venous thromboem-
bolism during pregnancy and the puerperium. Blood 2016;
128: 2343-2349.

Croles FN, Nasserinejad K, Kruip MJ, et al. Pregnancy,
thrombophilia, and the risk of a first venous thrombosis:
Systematic review and bayesian meta-analysis. Br Med J
2017; 359: 4452-4464. *Demonstrates the increased asso-
ciation of high-risk thrombophilias and venous thrombosis
in pregnancy.

Silverstein MD, Heit JA, Mohr DN, et al. Trends in the inci-
dence of deep vein thrombosis and pulmonary embolism.
Arch Intern Med 1998; 158: 585-593.



Carroll and Piazza

399

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Bushnell CD, Goldstein LB. Diagnostic testing for coagu-
lopathies in patients with ischemic stroke. Stroke 2000; 31:
3067-3078.

Hankey GJ, Eikelboom JW, Van Bockxmeer FM, et al.
Inherited thrombophilia in ischemic stroke and its patho-
genic subtypes. Stroke 2001; 32: 1793-1799.

Levine SR, Brey RL, Tilley BC, et al. Antiphospholipid
antibodies and subsequent thrombo-occlusive events in
patients with ischemic stroke. JAMA 2004; 291: 576-584.
*Demonstrates the lack of elevated risk of recurrent stroke
with antiphospholipid antibodies and lack of response to
aspirin or warfarin.

Pezzini A, Grassi M, Lodigiani C, et al. Predictors of long-
term recurrent vascular events after ischemic stroke at
young age: The Italian Project on Stroke in Young Adults.
Circulation 2014; 129: 1668-1676.

Toole JF, Malinow MR, Chambless LE, et al. Lowering
homocysteine in patients with ischemic stroke to prevent
recurrent stroke, myocardial infarction, and death: The
Vitamin Intervention for Stroke Prevention (VISP) rand-
omized controlled trial. JAMA 2004; 291: 565-575.

HOPE 2 Investigators. Homocysteine lowering with folic
acid and B vitamins in vascular disease. N Engl J Med 2006;
354: 1567-15717.

Lussana F, Betti S, D’Angelo A, et al. Evaluation of the
prevalence of severe hyperhomocysteinemia in adult patients
with thrombosis who underwent screening for thrombo-
philia. Thromb Res 2013; 132: 681-684.

Dentali F, Galli M, Gianni M, et al. Inherited thrombophilic
abnormalities and risk of portal vein thrombosis. A meta-
analysis. Thromb Haemost 2008; 99: 675-682.

Connors JM. Thrombophilia testing and venous thrombosis.
N Engl J Med 2017; 377: 1177-1187.

Couturaud F, Leroyer C, Tromeur C, et al. Factors that pre-
dict thrombosis in relatives of patients with venous thrombo-
embolism. Blood 2014; 124: 2124-2130. *Demonstrates the
elevated risk of thrombotic event in relatives even in absence
of thrombophilia.

Wu O, Robertson L, Twaddle S, et al. Screening for
thrombophilia in high-risk situations: A meta-analysis
and cost-effectiveness analysis. Br J Haematol 2005; 131:
80-90.

Cohn DM, Vansenne F, de Borgie CA, et al. Thrombophilia
testing for prevention of recurrent venous thromboembolism.
Cochrane Database Syst Rev 2012: 12: CD007069.
Coppens M, Reijnders JH, Middeldorp S, et al. Testing for
inherited thrombophilia does not reduce the recurrence of
venous thrombosis. J Thromb Haemost 2008; 6: 1474-1477.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Tosetto A, lorio A, Marcucci M, et al. Predicting disease
recurrence in patients with previous unprovoked venous
thromboembolism: A proposed prediction score (DASH). J
Thromb Haemost 2012; 10: 1019-1025.

Eichinger S, Heinze G, Jandeck LM, et al. Risk assessment
of recurrence in patients with unprovoked deep vein throm-
bosis or pulmonary embolism: The Vienna prediction model.
Circulation 2010; 121: 1630-1636.

Prandoni P, Noventa F, Ghirarduzzi A, et al. The risk of
recurrent venous thromboembolism after discontinuing anti-
coagulation in patients with acute proximal deep vein throm-
bosis or pulmonary embolism. A prospective cohort study in
1,626 patients. Haematologica 2007; 92: 199-205. *Cohort
study demonstrating the siginficantly elevated recurrent
venous thrombotic risk among patients with unprovoked ini-
tial event.

Garcia D, Akl EA, Carr R, et al. Antiphospholipid antibod-
ies and the risk of recurrence after a first episode of venous
thromboembolism: A systematic review. Blood 2013; 122:
817-824.

Cohn DM, Middeldorp S. Early termination of the multicen-
tre randomised clinical trial to evaluate the benefit of testing
for thrombophilia following a first venous thromboembo-
lism: The Nostradamus study. Ned Tijdschr Geneeskd 2008;
152:2093-2094.

Kearon C, Julian JA, Kovacs MJ, et al. Influence of throm-
bophilia on risk of recurrent venous thromboembolism while
on warfarin: Results from a randomized trial. Blood 2008;
112: 4432-4436. *Randomized trial showing no difference
in recurrence while on anticoagulation regardless of throm-
bophilia status.

Skelley JW, White CW, Thomason AR. The use of direct
oral anticoagulants in inherited thrombophilia. J Thromb
Thrombolysis 2017; 43: 24-30.

Agnelli G, Buller HR, Cohen A, et al. Apixaban for extended
treatment of venous thromboembolism. N Engl J Med 2013;
368: 699-708.

Weitz JI, Lensing AWA, Prins MH, et al. Rivaroxaban or
aspirin for extended treatment of venous thromboembolism.
N Engl J Med 2017; 376: 1211-1222.

Goldhaber SZ, Eriksson H, Kakkar A, et al. Efficacy of dabi-
gatran versus warfarin in patients with acute venous throm-
boembolism in the presence of thrombophilia: Findings from
RE-COVER, RE-COVER II, and RE-MEDY. Vasc Med
2016; 21: 506-514.

Betancur JF, Bonilla-Abadia F, Hormaza AA, et al. Direct
oral anticoagulants in antiphospholipid syndrome: A real life
case series. Lupus 2016; 25: 658—662.



