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Thrombophilia is an inherited or acquired predisposition to thrombosis. This article reviews the clinical
manifestations of thrombophilia and addresses
common questions on laboratory assessment and
management: what are the potential indications for

thrombophilia testing, who should be tested, what
tests should be requested, when should testing be
performed, and how should the test results affect
primary prevention, acute therapy, and secondary
prophylaxis of thrombosis.

Introduction
Symptomatic thrombosis is a multifactorial disease that
manifests when a person with an underlying predisposition to thrombosis (i.e., thrombophilia) is exposed to clinical risk factors. Thrombophilia is not a disease per se, but
may be associated with a disease (e.g., cancer), drug exposure (e.g., oral contraceptives) or condition (e.g. pregnancy
or postpartum; “acquired thrombophilia,” Table 1), or
thrombophilia may be inherited (Table 2). This concept is
important because susceptibility to a disease does not imply an absolute requirement for primary or secondary prevention, or for treatment. Most persons with a thrombophilia do not develop thrombosis. Thus, thrombophilia
must be considered in the context of other risk factors for
incident thrombosis, or predictors of recurrent thrombosis,
when estimating the need for primary or secondary prophylaxis, respectively. With rare exceptions, the therapy
for acute thrombosis is no different for those with than for
those without a recognized thrombophilia.
Thrombophilia may present clinically as one or more
of several thrombotic manifestations (“phenotypes,” Table
3). The predominant clinical manifestation of thrombophilia
is venous thromboembolism. Consequently, this section
will focus on the role of thrombophilia in venous thromboembolism. Thrombophilia may rarely present as purpura
fulminans (e.g., neonatalis or adult) or warfarin-induced
skin necrosis. Most clinical studies have failed to show a
consistent association between thrombophilia and myo-

cardial infarction or stroke. Thrombophilia may also present
as recurrent fetal loss and possibly as stillbirth or other
complications of pregnancy.
Currently, there is no single laboratory assay or simple
set of assays that will identify all thrombophilias. Consequently, a battery of complex and potentially expensive
assays is usually required. Many of these laboratory analyses are affected by other conditions (e.g., warfarin reduces
protein C and S levels) such that the correct interpretation
of the results can be complicated and always requires clinical correlation. This section addresses several fundamental
questions that all clinicians must answer when faced with
evaluating a patient for a possible thrombophilia. In addition, test result interpretation and how the results alter primary prophylaxis, acute therapy, or secondary prevention
of thrombosis will also be addressed.
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Indications for Thrombophilia Testing:
Why Should I Test for Thrombophilia?
There are no absolute indications for clinical diagnostic
thrombophilia testing. Potential relative indications could
include general population screening, selected screening
of populations that are potentially “enriched” for thrombophilia (e.g., asymptomatic or symptomatic family members
of patients with a known familial thrombophilia, especially
first-degree relatives) or populations at increased risk for
thrombosis (e.g., prior to pregnancy, oral contraception or
estrogen therapy, high-risk surgery, or chemotherapy with
127

Table 1. Acquired or secondary thrombophilia.

Table 2. Hereditary (familial or primary) thrombophilia.

Strongly Supportive Data
Active cancer
Chemotherapy (L-asparaginase, thalidomide, antiangiogenesis therapy)
Myeloproliferative disorders
Heparin-induced thrombocytopenia
Nephrotic syndrome
Intravascular coagulation and fibrinolysis/disseminated
intravascular coagulation
Thrombotic thrombocytopenic purpura
Sickle cell disease
Oral contraceptives
Estrogen therapy
Pregnancy/postpartum state
Selective estrogen receptor modulator therapy (tamoxifen
and raloxifene)
Antiphospholipid antibodies (lupus anticoagulant,
anticardiolipin antibody, anti-β2 glycoprotein-1 antibody)
Paroxysmal nocturnal hemoglobinuria
Wegener granulomatosis
Supportive Data
Inflammatory bowel disease
Thromboangiitis obliterans (Buerger disease)
Behçet syndrome
Varicose veins
Systemic lupus erythematosus
Venous vascular anomalies (e.g., Klippel Trenaunay
syndrome)
Progesterone therapy
Infertility “therapy”
Hyperhomocysteinemia
HIV infection
Dehydration

Strongly Supportive Data
Antithrombin deficiency
Protein C deficiency
Protein S deficiency
Activated protein C resistance
Factor V Leiden
Prothrombin G20210A
Homocystinuria
Supportive Data
Increased plasma factors I (fibrinogen), II (prothrombin),
VIII, IX, XI
Factor XIII polymorphisms
Hyperhomocysteinemia
Dysfibrinogenemia
Reduced tissue factor pathway inhibitor
Weakly Supportive Data
Reduced protein Z and Z-dependent protease inhibitor
Tissue plasminogen activator deficiency
Increased plasminogen activator inhibitor (PAI)-1
Increased thrombin-activatable fibrinolysis inhibitor
Hypoplasminogenemia and dysplasminogenemia
Hypofibrinolysis

angiogenesis inhibitors), and testing symptomatic patients
with incident or recurrent thrombosis. With the exception
of general population screening (which is not recommended), all of these potential indications are controversial and must be considered in the context of the clinical
presentation.
Screening Asymptomatic Family Members
Thrombophilia testing, and especially genetic testing, of
asymptomatic family members should be done with caution. Family members (and patients) should receive genetic
counseling prior to genetic testing, and such testing should
only be performed after obtaining consent. Counseling
should include the reasons for testing, such as the potential
for avoiding clinical thrombosis by risk factor modification or prophylaxis; and the reasons for not testing, such as
stigmatization and mental anguish, the potential effect on
obtaining personal health insurance or employment, and
the possibility of nonpaternity.
Thrombophilia testing should only be done if the results
are likely to change medical management. The risk of idiopathic (“unprovoked”) thrombosis associated with a thrombophilia, while increased, is still insufficient to warrant
chronic primary prophylaxis (e.g., warfarin anticoagulation),
even for thrombophilias with high penetrance, with the possible exception of paroxysmal nocturnal hemoglobinuria.1
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Table 3. Thrombophilia: clinical manifestations.
• Purpura fulminans (neonatalis or adult)
• Superficial or deep vein thrombosis, pulmonary embolism
• Thrombosis of “unusual” venous circulations (e.g., cerebral,
hepatic, mesenteric, and renal veins; possibly arm, portal,
and ovarian veins; not retinal vein or artery)
• Warfarin-induced skin necrosis
• Possibly arterial thrombosis (e.g., stroke, acute myocardial
infarction)
• Recurrent fetal loss
• Possibly complications of pregnancy (e.g., intrauterine growth
restriction, stillbirth, severe pre-eclampsia, abruptio placentae)

When counseling a family member (or patient) regarding the risk of thrombosis, it’s most useful to provide the
“absolute” risk (e.g., incidence) of thrombosis among persons with that particular thrombophilia. For example, the
relative risk of venous thromboembolism among women
who are factor V Leiden carriers receiving oral contraceptives is increased about 30-fold; however, the incidence is
only about 300 per 100,000 women-years, or about 0.3%
per woman-year.2 Thus, the absolute risk provides information on both the baseline incidence of venous thromboembolism (e.g., about 10 to 46 per 100,000 women-years for
women of reproductive age2,3) as well as the relative risk.
When estimating the absolute risk of thrombosis, it is
especially important to include the effect of age on the
baseline incidence. For example, among women of perimenopausal age (ages 50 to 54 years), the incidence of
venous thromboembolism is 123 per 100,000 womanyears,4 and the incidence increases exponentially thereafter (Figure 1). Among factor V Leiden carriers of perimenopausal age, the relative risk of venous thromboembolism
associated with hormone therapy may be increased 7- to15American Society of Hematology

fold.5,6 However, while the relative risk for venous thromboembolism is less for hormone therapy compared with
oral contraceptives, the absolute risk is substantially higher
(approximately 900-1800 per 100,000 woman-years, or approximately 1% to 2% per woman-year). Given recent studies questioning the benefit of postmenopausal hormone
therapy, most women likely would choose to avoid this
risk if they were known to be carriers. Thus, it may be relatively cost effective to screen asymptomatic peri- or postmenopausal women with a known family history of familial thrombophilia who are considering hormone therapy.5
Primary prevention of incident
venous thromboembolism
Venous thromboembolism is a major health problem, with
at least 300,000 first-lifetime cases per year in the United
States.4 Observed survival after venous thromboembolism
is significantly less than expected, especially after pulmonary embolism. For about one-quarter of patients with acute
pulmonary embolism, the initial clinical presentation is
sudden death. Pulmonary embolism accounts for an increasing proportion of venous thromboembolism with increasing age for both sexes (Figure 2).4 Hence, as the average
U.S. population age increases, the total number of incident
venous thromboembolism events per year will increase,
and an increasing number of these events will be pulmonary embolism. Because of the markedly reduced survival
after pulmonary embolism, the number of U.S. deaths due
to venous thromboembolism per year also will increase.
Primary prevention of venous thromboembolism, either by
risk-factor modification or by appropriate prophylaxis of patients at risk, is essential in order to improve survival and
prevent complications. However, despite improved prophylaxis regimens and more widespread use of prophylaxis, the
overall incidence of venous thromboembolism has been relatively constant at about 1 per 1,000 since 1979.4,7,8
To avoid or modify risk, or appropriately target prophylaxis, patients at risk for venous thromboembolism must
first be identified. Independent risk factors for venous
thromboembolism, as well as the magnitude of risk associ-

Figure 1. Annual incidence of venous thromboembolism
by age and sex.4
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ated with each, are shown in Table 4.9 Among women, additional risk factors for venous thromboembolism include
oral contraceptive use and hormone therapy,10,11 selective
estrogen receptor modulators,12 and pregnancy and the
postpartum period.3
Family-based studies indicate that venous thromboembolism is highly heritable and follows a complex mode of
inheritance involving environmental interaction.13 Inherited reductions in plasma natural anticoagulants (e.g., antithrombin, protein C, or protein S) have long been recognized as uncommon but potent risk factors for venous
thromboembolism.14 More recent discoveries of additional
reduced natural anticoagulants or anticoagulant cofactors,
impaired downregulation of the procoagulant system (e.g.,
activated protein C resistance, factor V Leiden), increased
plasma concentrations of procoagulant factors (e.g., factors I [fibrinogen], II [prothrombin], VIII, IX, and XI) and
increased basal procoagulant activity,15 impaired fibrinolysis,16 and increased basal innate immunity activity and reactivity17 have added new paradigms to the list of inherited
or acquired disorders predisposing to thrombosis (thrombophilia). Inherited thrombophilias interact with such clinical risk factors (i.e., environmental exposures) as oral contraceptives,2,18 pregnancy, hormone therapy, surgery19 and
cancer20 to compound the risk of incident venous thromboembolism. Similarly, genetic interaction increases the
risk of incident venous thromboembolism.21 Thus, it may
be reasonable to consider thrombophilia testing for asymptomatic men and women family members with a known
family history of familial thrombophilia. The results of such
testing may aid in further stratifying venous thromboembolism risk after exposure to a known risk factor (e.g., hip
or knee replacement surgery19).
Secondary prevention of recurrent
venous thromboembolism
Venous thromboembolism recurs frequently; about 30% of
patients develop recurrence within the next ten years (Figure 3).22 The hazard of recurrence varies with the time since
the incident event and is highest within the first 6 to 12

Figure 2. Annual incidence of all venous thromboembolism, deep vein thrombosis (DVT) alone, and pulmonary
embolism with or without DVT (PE ± DVT).4,22
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months (Table 5).22,23 Independent predictors of recurrence
and the hazard of recurrence associated with each are shown
in Table 6.22 Other predictors of recurrence include “idiopathic” venous thromboembolism,23,24 a persistent lupus
anticoagulant and/or persistent high-titer antiphospholipid
antibody, antithrombin, protein C or protein S deficiency,14
combined heterozygous carriers for more than one familial
thrombophilia (e.g., heterozygous for the factor V Leiden
and prothrombin G20210A mutations) or homozygous carriers,25-27 and possibly increased procoagulant factor VIII
and factor IX levels,23,25,28 decreased tissue-factor pathway
inhibitor levels26 and persistent residual deep vein thrombosis. Recent meta-analyses suggest a modest 1.4- and 1.7fold increased risk of recurrence among factor V Leiden
and prothrombin G20210A heterozygous carriers, respectively.29 The estimated population-attributable risk of recurrence was 9.0% and 6.7% for the factor V Leiden and
the prothrombin G20210A mutations, respectively. An increased D-dimer measured at least 1 month after stopping
warfarin therapy may be a predictor of recurrence indepenTable 4. Independent risk factors for deep vein thrombosis
or pulmonary embolism.9
Odds
ratio

Baseline characteristic

95% CI

Hospitalization
Hospitalization for acute medical illness 7.98
Hospitalization for major surgery
21.72

4.49,14.18
9.44, 49.93

Trauma

12.69

4.06, 39.66

Active cancer without chemotherapy

4.05

1.93, 8.52

Active cancer with chemotherapy

6.53

2.11, 20.23

Prior central venous catheter or
transvenous pacemaker

5.55

1.57, 19.58

Prior superficial vein thrombosis

4.32

1.76, 10.61

Neurologic disease with extremity paresis 3.04

1.25, 7.38

Serious liver disease

0.01, 0.71

0.10

Table 5. Cumulative incidence and hazard of venous
thromboembolism recurrence by time since incident
venous thromboembolism event.22

Time to
recurrence

Venous Thromboembolism
Cumulative
Hazard of
recurrence
recurrence
%

Per 1000 person-days (±SD)

dent of residual venous obstruction.30,31
Secondary prophylaxis with anticoagulation therapy
should be considered for patients with the above-described
characteristics. While the incident event type (deep vein
thrombosis alone vs pulmonary embolism) is not a predictor of recurrence, patients with recurrence are significantly
more likely to recur with the same event type as the incident event type.32 Because the 7-day patient fatality rate is
significantly higher for recurrent pulmonary embolism
(34%) compared with recurrent deep vein thrombosis alone
(4%), secondary prophylaxis should be considered for incident pulmonary embolism, especially for patients with
chronic heart or lung disease and reduced cardiopulmonary functional reserve.
Diagnostic Thrombophilia Testing:
Who Should Be Tested?
Currently recommended indications for thrombophilia testing include idiopathic or recurrent venous thromboembolism; a first episode of venous thromboembolism at a
“young” age (e.g., < 40 years); a family history of venous
thromboembolism (in particular, a first-degree relative with
thrombosis at a young age); venous thrombosis in an unusual vascular territory (e.g., cerebral, hepatic, mesenteric,
or renal vein thrombosis); and neonatal purpura fulminans
or warfarin-induced skin necrosis. When two or more of

Figure 3. Cumulative incidence of first venous
), and the hazard of first
thromboembolism recurrence (
recurrence per 1000 person-days (- - -).22

Table 6. Independent predictors of venous
thromboembolism recurrence.9

0 days

0.0

0

7 days

1.6

170 (30)

Age*

1.17

1.11, 1.24

30 days

5.2

130 (20)

Body mass index†

1.24

1.04, 1.47

Characteristic

Hazard ratio

95% CI

90 days

8.3

30 (5)

Neurologic disease with extremity paresis 1.87

1.28, 2.73

180 days

10.1

20 (4)

1 year

12.9

20 (2)

2 years

16.6

10 (1)

Active cancer
With chemotherapy
Without chemotherapy

2.58, 6.95
1.60, 3.06

5 years

22.8

6 (1)

10 years

30.4

5 (1)

130

4.24
2.21

*per decade increase in age.
†per 10 kg/m2 increase in body mass index
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these thrombosis characteristics are present, the prevalence
of antithrombin, protein C or protein S deficiency as well
as the factor V Leiden and prothrombin G20210A mutations are increased. Consequently, a “complete” laboratory investigation (vide infra) is recommended for patients
who meet these criteria, while more selective (e.g., activated protein C resistance/factor V Leiden, prothrombin
G20210A mutation) is recommended for other patients.
Diagnostic Thrombophilia Testing:
What Should I Test For?
A complete history and physical examination is mandatory when evaluating individuals with a recent or remote
history of thrombosis, with special attention given to patient age at onset, location of prior thromboses, and results
of objective diagnostic studies documenting thrombotic
episodes. An inquiry regarding interval imaging to establish a new baseline is particularly important when diagnosing recurrent thrombosis in the same vascular territory as a
previous thrombosis. Patients should be questioned carefully about diseases, exposures, and conditions or drugs
that are associated with thrombosis (Tables 1 and 4). Thrombosis can be the initial manifestation of cancer, so a complete review of systems directed at symptoms of (occult)
malignancy is important, including whether indicated
screening tests for normal health maintenance (e.g., mammography, colon imaging) are current. However, routine
screening for occult cancer in patients presenting with idiopathic venous thromboembolism has not been shown to
improve cancer-related survival and is not warranted in the
absence of clinical features and abnormal basic laboratory
findings suggestive of underlying malignancy.33,34 The
laboratory evaluation for individuals with thrombosis should
be selective and based on the history and physical examination. Potential assays for general diagnostic testing and recommended assays for initial and selected additional special
coagulation testing for a familial or acquired thrombophilia
are provided in Table 7. Testing for common methylenetetrahydrofolate reductase (MTHFR) polymorphisms (e.g.,
C677T) is not recommended.35 It is essential that all abnormal test results be confirmed by repeat testing after correction
of any acquired causes for an abnormal result.
Timing of Diagnostic Thrombophilia Testing:
When Should I Test?
As acute phase reactants, plasma levels of antithrombin
and occasionally proteins C and S may transiently decrease,
and fibrinogen and factor VIII levels may increase, with
acute thrombosis. Although protein C and S levels may be
accurately assayed during acute thrombosis,36 in general,
thrombophilia testing should be delayed for at least 6 weeks
to allow acute-phase reactant proteins to return to baseline.
Heparin therapy can lower antithrombin levels and impair
interpretation of clot-based assays for a lupus anticoagulant. Warfarin therapy reduces vitamin K–dependent factors, including proteins C and S. Many authorities recom-
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mend delaying testing until the effects of heparin and warfarin therapy have resolved. In those for whom temporary
discontinuation of anticoagulation is not practical, heparin can be substituted for warfarin when testing protein C
and S levels. However, the effect of warfarin on protein S
levels may not resolve for 4 to 6 weeks. Any abnormal
result should be confirmed with repeat testing and/or by
testing symptomatic relatives. DNA testing for the factor V
Leiden and prothrombin G20210A mutations is unaffected
by anticoagulation therapy.
Diagnostic Thrombophilia Testing:
How Do I Manage Patients with Thrombophilia?
Primary prophylaxis
All patients should receive appropriate antithrombotic prophylaxis when exposed to risk factors (Table 4). Despite
accumulating evidence that an underlying thrombophilia
increases the risk of symptomatic thrombosis among individuals exposed to a clinical risk factor, thrombophilia
screening for such persons in the absence of a known family history of familial thrombophilia is not recommended
at this time.37 Current recommendations regarding venous
thromboembolism prophylaxis for surgery or hospitalization for medical illness are based solely on clinical characteristics;38 in general, prophylaxis regimens are not altered
based on a known inherited or acquired thrombophilia.
However, given the increased risk of symptomatic venous
thromboembolism after high-risk surgery,19 patients with a
known thrombophilia should be considered for a longer
duration (e.g., “out-of-hospital”) of prophylaxis.
Acute therapy
In general, patients with a familial or acquired thrombophilia and acute venous thromboembolism should be managed in standard fashion with intravenous unfractionated
heparin, low-molecular-weight heparin or fondaparinux.
Special attention may be required for patients with deficiencies of antithrombin or protein C. Some patients with
antithrombin deficiency may be relatively heparin resistant. Antithrombin concentrate can be used in special circumstances such as recurrent thrombosis despite adequate
anticoagulation, unusually severe thrombosis or difficulty
achieving adequate anticoagulation, before major surgery
or in obstetric situations when the risks of bleeding from
anticoagulation are unacceptable. Antithrombin concentrate appears to have a low risk of transmitting bloodborne
infections. Hereditary protein C deficiency can be associated with warfarin-induced skin necrosis. Consequently,
warfarin should be started only after therapeutic heparinization, and the initial warfarin dose should be low (e.g., 2
mg) and increased slowly. Individuals with a history of
warfarin-induced skin necrosis can be anticoagulated after
receiving a source of exogenous protein C (e.g., fresh frozen plasma, investigational protein C concentrate).
Acute therapy aims to prevent extension or embolism
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Table 7. Laboratory evaluation for suspected familial or acquired thrombophilia (tests are suggested and should be
performed selectively based on clinical judgment; see text).
Initial General Diagnostic and Special Coagulation Laboratory Testing
CBC with peripheral smear
Prothrombin time
Activated partial thromboplastin time (aPTT; using a thromboplastin that is relatively sensitive to the presence of a lupus
anticoagulant)
Thrombin time and reptilase time (to detect a heparin or direct thrombin inhibitor effect, and to screen for dysfibrinogenemia)
Lupus anticoagulant panel (to include at least two phospholipid-dependent clot-based assays that interrogate at least two of
either the intrinsic [sensitive aPTT, Kaolin Clot Time], extrinsic [dilute prothrombin time] or common [dilute Russell viper
venom time, Ecarin or Textarin clotting times] procoagulant pathways, along with mixing studies to show inhibition and
“confirm” studies [e.g., platelet neutralization procedure, hexagonal phase phospholipid] to show phospholipid-dependent
inhibition)
Anticardiolipin and anti-β2 glycoprotein 1 antibodies (IgG and IgM isotypes)
Activated Protein C (APC)–resistance ratio (second generation; “factor V–deficient plasma” mixing study)
Fibrinogen, soluble fibrin monomer complex and quantitative plasma fibrin D-dimer (to screen for intravascular coagulation and
fibrinolysis [DIC]).
Prothrombin G20210GA mutation genotyping (direct genomic DNA mutation testing)
Plasma homocysteine (basal)
Additional Selective Special Coagulation Laboratory Testing
Factor V Leiden mutation genotyping (if the APC-resistance ratio is abnormal [low]; direct genomic DNA mutation testing)
For patients with idiopathic or recurrent venous thromboembolism; a first episode of venous thromboembolism at a “young” age;
a family history of venous thromboembolism; venous thrombosis in an unusual vascular territory; neonatal purpura fulminans
or warfarin-induced skin necrosis:
-antithrombin activity (followed by antithrombin antigen level if the activity is low)
-protein C activity (followed by protein C antigen level if the activity is low)
-protein S activity (followed by free protein S antigen level if the activity is low. The total protein S antigen level may be
helpful if the free protein S antigen is low)
Flow cytometry for paroxysmal noctural hemoglobinuria
Plasma ADAMTS-13 activity (for acquired or familial thrombotic thrombocytopenic purpura)
Plasminogen activity (for ligneous conjunctivitis/gingivitis)
Heparin-induced thrombocytopenia testing (plasma anti-PF4/glycosaminoglycan antibodies [ELISA]; platelet 14C-serotonin
release assay; heparin-dependent platelet aggregation)
Quantitative PCR assay for JAK2 mutation (for splanchnic or portal vein thrombosis).
Additional Selective General Diagnostic Testing
ESR, chemistries, PSA, β-HCG, Ca-125, ANA, (dsDNA, RF, ENA)
PA/lateral CXR, urinalysis, mammogram
Colon imaging, especially if no prior screening (proctosigmoidoscopy, colonoscopy)
Chest imaging for smokers (CT, MRI)
ENT consultation, especially for smokers
UGI/upper endoscopy
Abdominal imaging (CT)
Endometrial biopsy if endometrial cancer suspected
Angiography

of an acute thrombosis, and needs to continue for a sufficient duration of time and intensity to insure that the acute
thrombus has either lysed or become organized, and the
“activated” acute inflammatory/innate immunity system
has returned to baseline. The total duration of anticoagulation for acute therapy should be individualized based on
the circumstances of the thrombotic event. In general, a
duration of 6 weeks is adequate for isolated calf vein thrombosis related to transient risk factors,39 while patients with
persistent risk factors require 3 months of therapy.39,40
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Secondary prophylaxis
It is important to make a distinction between acute therapy
and secondary prophylaxis. Beyond 3 months, the aim of
continued anticoagulation is to prevent recurrent thrombosis (i.e., secondary prophylaxis). Venous thromboembolism is now viewed as a chronic disease (likely because all
such patients have an underlying, if not recognized, thrombophilia) with episodic recurrence.8 The decision regarding secondary prophylaxis is complex and depends on estimates of the risk and consequences of unprovoked venous
thromboembolism recurrence while not receiving secondary prophylaxis, the risk of anticoagulant-related bleedAmerican Society of Hematology

ing, and patient preference. Clinical predictors of venous
thromboembolism recurrence, and the hazard of recurrence
associated with each, are presented in Table 6.22 In addition, a meta-analysis of the relative risks of recurrence associated with a familial or acquired thrombophilia is presented in Table 8.41
In general, secondary prophylaxis is not recommended
after a first-lifetime venous thrombosis, especially if the
event was associated with a transient clinical risk factor.
Secondary prophylaxis may be considered for idiopathic,
recurrent, or life-threatening venous thromboembolism (e.g.,
pulmonary embolism, especially in association with persistently reduced cardiopulmonary functional reserve;
phlegmasia with threatened venous gangrene; or purpura
fulminans), persistent clinical risk factors (e.g., active cancer, chronic neurologic disease with extremity paresis, or
other persistent secondary causes of thrombophilia [Table
1]),22,23 a persistent lupus anticoagulant and/or high-titer
anticardiolipin or anti-β2 glycoprotein-1 antibody, antithrombin, protein C or protein S deficiency,14,42 increased
basal Factor VIII activity,43 substantial hyperhomocysteinemia, combined heterozygous carriers for more than one
familial thrombophilia (e.g., heterozygous for the factor V
Leiden and Prothrombin G20210A mutations, etc.) or homozygous carriers,26,27 and possibly a persistently increased
plasma fibrin D-dimer30 or residual venous obstruction.44
The risk of recurrence among isolated heterozygous carriers for either the factor V Leiden or Prothrombin G20201A
mutations is relatively low and insufficient to warrant secondary prophylaxis after a first-lifetime thrombotic event
in the absence of other independent predictors of recurrence.29 A family history of venous thromboembolism is
not a predictor of an increased risk for venous thromboembolism recurrence45 and should not influence the decision
regarding secondary prophylaxis. Because of the high risk

of recurrence among patients with active cancer due to warfarin failure, low-molecular-weight heparin is recommended
as long as the cancer remains active.
The risks of recurrent venous thromboembolism must
be weighed against the risks of anticoagulant-related bleeding. The relative risk of major bleeding is increased about
1.5-fold for every 10-year increase in age,41 and about 2fold for patients with active cancer.41 Additional risk factors for bleeding include prior gastrointestinal bleeding or
stroke, or one or more comorbid conditions, including recent myocardial infarction, anemia (hematocrit < 30%),
impaired renal function (serum creatinine > 1.5 mg/dL),
impaired liver function, and thrombocytopenia. Moreover,
the ability to perform activities of daily living should be
considered because of the increased risk of bleeding associated with falls. The patient’s prior anticoagulation experience during acute therapy should also be considered;
patients with unexplained wide variation in the international normalized ratio (INR) or noncompliant patients
likely should not receive secondary prophylaxis. Finally,
the mechanism(s) by which the anticoagulation effect of
secondary prophylaxis with warfarin will be monitored and
the warfarin dose adjusted should be considered; the efficacy and safety of such care when rendered through an
“anticoagulation clinic” or when “self-managed” at home
is superior to usual medical care. With appropriate patient
selection and management, the risk of major bleeding can
be reduced to about 1% per year.
Because the risk of venous thromboembolism recurrence decreases with time since the incident event,22 and
because the risk of anticoagulant-related bleeding also may
vary over time, the need for secondary prophylaxis must be
continually re-evaluated. It is inappropriate to recommend
“lifelong” or “indefinite” anticoagulation therapy.

Table 8. Familial or acquired thrombophilia: estimated prevalence by population, and incidence and relative risk of
incident or recurrent venous thromboembolism by thrombophilia.14,41-43,46-59

Thrombophilia

Prevalence in whites of European ancestry, %
Normal
Incident
Recurrent
VTE
VTE

Incident VTE
Incidence*
Relative Risk
(95% CI)
(95% CI)
500 (320, 730)

17.5 (9.1, 33.8)

Recurrent VTE
Incidence*
Relative Risk
(95% CI)
(95% CI)

Antithrombin deficiency

0.02-0.04

1-2

2-5

10,500 (3800, 23000)

2.5

Protein C deficiency

0.02-0.05

2-5

5-10

310 (200, 470)

11.3 (5.7, 22.3)

5,100 (2500, 9400)

2.5

Protein S deficiency

0.01-1

1-3

5-10

710 (530, 930)

32.4 (16.7, 62.9)

6,500 (2800, 11800)

2.5

Factor V Leiden†

3-7

12-20

40-50

150 (80, 260)

4.3‡ (1.9, 9.7)

3,500 (1900, 6100)

1.3 (1.0, 3.3)

Prothrombin G20210A†

1-3

3-8

15-20

350

1.9 (0.9, 4.1)

–

1.4 (0.9, 2.0)

Combined thrombophilia§

–

–

–

840 (560, 1220)

46.7 (22.5, 97.1)

5,000 (2000, 10300)

–

Hyperhomocysteinemia

–

–

–

–

–

–

2.5

Antiphospholipid antibody

–

–

–

–

–

–

2.5

Factor VIII (> 200 IU/dL)

–

–

–

–

–

–

1.8 (1.0, 3.3)

*per 100,000 person-years
†Heterozygous carriers
‡Homozygous carriers, relative risk = 80
§Factor V Leiden or prothrombin G20210A plus either antithrombin, protein C or protein S deficiency

Hematology 2007

133

Acknowledgments
Funded, in part, by grants from the National Institutes of Health
(HL66216, HL83141, HL83797 & RR19457) and the Centers
for Disease Control and Prevention (TS1255), U.S. Public
Health Service; and by Mayo Foundation.
Correspondence
John A. Heit, M.D., Stabile 6-Hematology Research, Mayo
Clinic, 200 First Street Southwest, Rochester, MN 55905; phone
507-284-4634; fax 507-266-9302
Copyright 2007 Mayo Foundation

References
1. Parker C, Omine M, Richards S, et al. Diagnosis and
management of paroxysmal nocturnal hemoglobinuria.
Blood. 2005;106:3699-3706.
2. Vandenbroucke JP, Koster T, Briet 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.
3. Heit JA, Kobbervig CF, James AH, Petterson TM, Bailey KR,
Melton LJ 3rd. Trends in the incidence of deep vein thrombosis and pulmonary embolism during pregnancy or the
puerperium: a 30-year population-based study. Ann Intern
Med. 2005;143:697-706.
4. Silverstein MD, Heit JA, Mohr DN, Petterson TM, O’Fallon
WM, Melton LJ 3rd. Trends in the incidence of deep vein
thrombosis and pulmonary embolism: a 25-year populationbased, cohort study. Arch Intern Med. 1998;158:585-593.
5. 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.
6. Cushman M, Kuller L, Prentice R, et al. Estrogen plus
progestin and risk of venous thrombosis. JAMA.
2004;292:1573-1580.
7. Heit JA, Melton LJ 3rd, Lohse CM, et al. Incidence of venous
thromboembolism in hospitalized patients versus community
residents. Mayo Clinic Proc. 2001;76:1102-1110.
8. Heit JA. Venous thromboembolism: disease burden,
outcomes and risk factors. State of the art. J Thromb
Haemost. 2005;3:1611-1617.
9. Heit JA, Silverstein MD, Mohr DN, Petterson TM, O’Fallon
WM, Melton LJ 3rd. Risk factors for deep vein thrombosis
and pulmonary embolism: a population-based case-control
study. Arch Intern Med. 2000;160:809-815.
10. Gomes MP, Deitcher SR. Risk of venous thromboembolic
disease associated with hormonal contraceptives and
horome replacement therapy: a clinical review. Arch Intern
Med. 2004;164:1965-1976.
11. Curb JD, Prentice R, Bray P, et al. Venous thrombosis and
conjugated equine estrogen in women without a uterus. Arch
Intern Med. 2006;166:722-780.
12. Grady D, Ettinger B, Moscarelli E, et al. Safety and adverse
effects associated with raloxifene: multiple outcomes of
raloxifene evaluation. Obstet Gynecol. 2004;104:837-844.
13. Heit JA, Phelps MA, Ward SA, Slusser JP, Petterson TM, de
Andrade M. Familial segregation of venous thromboembolism. J Thromb Haemost. 2004;2:731-736.
14. 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;25:19921997.
15. Cushman M, Folsom AR, Wang L, et al. Fibrin fragment D-

134

dimer and the risk of future venous thrombosis. Blood.
2003;101:1243-1248.
16. Lisman T, de Groot PG, Meijers JC, Rosendall FR. Reduced
plasma fibrinolytic potential is a risk factor for venous
thrombosis. Blood. 2005;105:1102-1105.
17. Reitsma PH, Rosendaal FR. Activation of innate immunity in
patients with venous thrombosis: the Leiden Thrombophilia
Study. J Thromb Haemost. 2004;2:619-622.
18. van Vlijmen EF, Brouwer J, Veeger NJ, Eskes TK, de Graeff
PA, van der Meer J. Oral contraceptives and the absolute
risk of venous thromboembolism in women with single or
multiple thrombophilic defects: results from a retrospective
family cohort study. Arch Intern Med. 2007;167:282-289.
19. Lindahl TL, Lundahl TH, Nilsson L, Andersson CA. APCresistance is a risk factor for postoperative thromboembolism in elective replacement of the hip or knee; a prospective
study. Thromb Haemost. 1999;81:18-21.
20. Blom JW, Doggen CJ, Osanto S, Rosendaal FR. Malignancies, prothrombotic mutations, and the risk of venous
thrombosis. JAMA. 2005;293:715-722.
21. Libourel EJ, Bank I, Meinardi JR, et al. Co-segregation of
thrombophilic disorders in factor V Leiden carriers; the
contributions of factor VIII, factor XI, thrombin activable
fibrinolysis inhibitor and lipoprotein(a) to the absolute risk of
venous thromboembolism. Haematologica. 2002;87:10681073.
22. Heit JA, Mohr DN, Silverstein MD, Petterson TM, O’Fallon
WM, Melton LJ 3rd. Predictors of recurrence after deep vein
thrombosis and pulmonary embolism: a population-based
cohort study. Arch Intern Med. 2000;160:761-768.
23. Christiansen SC, Cannegieter SC, Koster T, Vandenbroucke
JP, Rosendaal FR. Thrombophilia, clinical factors, and
recurrent venous thrombotic events. JAMA. 2005;293:23512361.
24. Agnelli G, Prandoni P, Santamaria MG, et al. Three months
versus one year of oral anticoagulant therapy for idiopathic
deep venous thrombosis. N Engl J Med. 2001;345:165-169.
25. Weltermann A, Eichinger S, Bialonczyk C, et al. The risk of
recurrent venous thromboembolism among patients with
high factor IX levels. J Thromb Haemost. 2003;1:28-32.
26. Hoke M, Kyrle PA, Minar E, et al. Tissue factor pathway
inhibitor and the risk of recurrent venous thromboembolism.
Thromb Haemostas. 2005;94:787-790.
27. Santamaria MG, Agnelli G, Taliani MR, et al. Thrombophilic
abnormalities and recurrence of venous thromboembolism
in patients treated with standardized anticoagulant treatment.
Thrombosis Res. 2005;116:301-306.
28. Shrivastava S, Ridker PM, Glynn RJ, et al. D-dimer, factor
VIII coagulant activity, low-intensity warfarin and the risk of
recurrent venous thromboembolism. J Thromb Haemost.
2006;4:1208-1214.
29. 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.
30. Cosmi B, Legnani C, Cini M, Guazzaloca G, Palareti G. Ddimer levels in combination with residual venous obstruction
and the risk of recurrence after anticoagulation withdrawal
for a first idiopathic deep vein thrombosis. Thromb Haemost.
2005;94:969-974.
31. Palareti G, Cosmi B, Legnani C, et al. D-dimer testing to
determine the duration of anticoagulation therapy. N Engl J
Med. 2006;355:1780-1789.
32. Murin S, Romano PS, White RH. Comparison of outcomes
after hospitalization for deep venous thrombosis or
pulmonary embolism. Thromb Haemost. 2002;88:407-414.
33. Piccioli A, Lensing AW, Prins MH, et al. Extensive screening
for occult malignant disease in idiopathic venous thromboembolism: a prospective randomized clinical trial. J

American Society of Hematology

Thromb Haemost. 2004;2:884-889
34. Lee AY. Screening for occult cancer in patients with
idiopathic venous thromboembolism: no. J Thromb Haemost.
2003;1:2273-2274.
35. 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.
36. Kovacs MF, Kovacs J, Anderson J, Rodger MA, Mackinnon
K, Wells PS. Protein C and protein S levels can be accurately determined within 24 hours of diagnosis of acute
venous thromboembolism. Clin Lab Haematol. 2006;28:9-13.
37. Wu O, Robertson L, Twaddle S, et al. The Thrombosis: Risk
and Economic Assessment of Thrombophilia Screening
(TREATS) study. Screening for thrombophilia in high-risk
situations: a meta-analysis and cost-effectiveness analysis.
Br J Haematol. 2005;131:80-90.
38. Geerts WH, Pineo GF, Heit JA, et al. Prevention of venous
thromboembolism: the Seventh ACCP Conference on
Antithrombotic and Thrombolytic Therapy [review]. Chest.
2004;126:3385-4005.
39. Pinede L, Ninet J, Duhaut P, et al. Comparison of 3 and 6
months of oral anticoagulant therapy after a first episode of
proximal deep vein thrombosis or pulmonary embolism and
comparison of 6 and 12 weeks of therapy after isolated calf
deep vein thrombosis. Circulation. 2001;103:2453-2460.
40. Campbell IA, Bentley DP, Prescott RJ, Routledge PA, Shetty
HC, Williamson IJ. Anticoagulation for three versus six
months in patients with deep vein thrombosis or pulmonary
embolism, or both: randomised trial. Br Med J. 2007;334:674.
41. Vink R, Kraaijenhagen RA, Levi M, Buller HR. Individualized
duration of oral anticoagulant therapy for deep vein
thrombosis based on a decision model. J Thromb Haemost.
2003;1:2523-2530.
42. Vossen CY, Conard J, Fontcuberta J, et al. Familial thrombophilia and lifetime risk of venous thrombosis. J Thromb
Haemost. 2004;2:1526-1532.
43. Wells PS, Langlois NJ, Webster MA, Jaffey J, Anderson JA.
Elevated factor VIII is a risk factor for idiopathic venous
thromboembolism in Canada - is it necessary to define a
new upper reference range for factor VIII? Thromb Haemost.
2005;93:842-846.
44. Hull RF, Marder VJ, Mah AF, Biel RK, Brant RF. Quantitive
assessment of thrombus burder predicts the outcome of
treatment for venous thrombosis: a systematic review. Am J
Med. 2005;118:456-464.
45. Hron G, Eichinger S, Weltermann A, et al. Family history for
venous thromboembolism and the risk for recurrence. Am J
Med. 2006;119:50-53.
46. Demers C, Ginsberg JS, Hirsch J, Henderson P, Blajchman
MA. Thrombosis in antithrombin-III-deficient patients. Ann
Intern Med. 1992;116:754.

Hematology 2007

47. Folsom AR, Aleksic N, Wang L, Cushman M, Wu KK, White
RH. Protein C, antithrombin, and venous thromboembolism
incidence; a prospective population-based study.
Arterioscler Thromb Vasc Biol. 2002;22:1018-1022.
48. Sanson BJ, Simioni P, Tormene D, et al. The incidence of
venous thromboembolism in asymptomatic carriers of a
deficiency of antithrombin, protein C, or protein S: a
prospective cohort study. Blood. 1999;94:3702-3706.
49. Koster T, Rosendaal FR, de Ronde H, Briet E,
Vandenbroucke J, Bertina R. Venous thrombosis due to poor
anticoagulant response to activated protein C: Leiden
Thrombophilia Study. Lancet. 1993;342:1503-1506.
50. Ridker PM, Glynn RJ, Miletich JJ, Goldhaber SZ, Stampfer
MJ, Hennekens CH. Age-specific incidence rates of venous
thromboembolism among heterozygous carriers of factor V
Leiden mutation. Ann Intern Med. 1997;126:528-531.
51. Heit JA, Sobell JL, Li H, Sommer SS. The incidence of
venous thromboembolism among Factor V Leiden carriers: a
community-based cohort study. J Thromb Haemost.
2005;3:305-311.
52. Folsom AR, Cushman M, Tsai MY, et al. A prospective study
of venous thromboembolism in relation to factor V Leiden
and related factors. Blood. 2002;88:2720-2725.
53. Poort SR, Rosendaal FR, Reitsma PG, 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 thrombosis.
Blood. 1996;88:4205-4208.
54. Folsom AR, Cushman M, Tsai MY, Heckbert S, Aleksic N.
Prospective study of the G20210A polymorphism in the
prothrombin gene, plasma prothrombin concentration, and
incidence of venous thromboembolism. Am J Hematol.
2002;71:285-290.
55. van den Belt AG, Sanson BJ, Simioni P, et al. Recurrence of
venous thromboembolism in patients with familial thrombophilia. Arch Intern Med. 1997;157:227-232.
56. Margaglione M, D’Andrea G, Colaizzo D, et al. Coexistence
of factor V Leiden and Factor II A20210 mutations and
recurrent venous thromboembolism. Thromb Haemost.
1999;82:1583-1587.
57. de Groot PG, Lutters B, Derksen RH, Lisman T, Meijers JC,
Rosendaal FR. Lupus anticoagulants and the risk of a first
episode of deep venous thrombosis. J Thromb Haemost.
2005;3:1993-1997.
58. Schulman S, Svenungsson E, Granqvist S. Anticardiolipin
antibodies predict early recurrence of thromboembolism and
death among patients with venous thromboembolism
following anticoagulant therapy. Duration of Anticoagulation
Study Group. Am J Med. 1998;104:332-338.
59. Diagnostic issues in thrombophilia. College of American
Pathologists Consensus Conference XXXVI. November 911, 2001. Arch Pathol Lab Med. 2002;126:1277-1433.

135

