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Applied Evidence

Practice recommendations

■ In low-risk patients, the physician should
conduct a thorough history and physical
examination. Routine laboratory testing
may be useful, but further evaluation for
underlying malignancy is unnecessary (B).

■ Test for disorders associated with 
hypercoagulability under the following 
circumstances: when a thrombotic event
occurs in a person younger than age 50;
if a patient has a family history of venous
thromboembolism; or if there are recurrent
episodes of unexplained venous 
thromboembolism (C).

■ When homocysteine levels are elevated in
the presence of factor V Leiden or the 
prothrombin gene G20210A mutation, risk
of recurrent thrombosis appears to be
increased beyond the risk associated with
any one defect alone (B).

I
n which direction, and how aggressively,
should the investigation proceed when 
common and obvious causes of venous 

thromboembolism—recent surgery, trauma,
immobilization, or malignancy—are absent from 
a patient’s history?

Two causes of hypercoagulability warrant 
consideration: occult malignancy and coagulation
disorders resulting in thrombophilia. This review
provides guidance on diagnostic testing and
extent of the work-up, summarized in an 
algorithm (Figure).

■ MALIGNANCY AND VENOUS
THROMBOEMBOLISM

Armand Trousseau first described the association
between VTE and cancer nearly 150 years ago.5

For patients with known malignancy, a search for
other possible causes of thrombosis is seldom
needed (strength of recommendation [SOR]=B). 

However, for individuals with idiopathic DVT
or pulmonary embolism (PE), the clinician’s
dilemma is in deciding how aggressively to look
for occult malignancy. In a prospective study of
738 patients with objectively verified sympto-
matic deep vein thrombosis (DVT), cancer was
the most common underlying cause and emerged 
as a major predictor of recurrent thrombotic
events.6 Unfortunately, no laboratory test pre-
dicts occult cancer among patients with VTE.7
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Risk of malignancy in perspective
Evidence of malignancy is usually discovered
when taking a patient’s history and conducting 
a physical examination. Searching beyond the 
history and physical exam is seldom revealing.

In 1992, Prandoni and colleagues8 published
a report of a study of 262 patients with symp-
tomatic DVT, 250 of whom were followed for 
2 years. One hundred seven patients had 
recognized nonmalignant risk factors for DVT
and were not evaluated for cancer. Of the 
155 patients with idiopathic venous thrombo-
sis, 5 (3.3%) were discovered to have occult
carcinoma. Malignancy was suggested in 4 of
the 5 by history or physical examination.

In a similar study, Hettiarachchi et al9 eval-
uated 400 patients with confirmed DVT and
found 70 (18%) had a diagnosis of cancer at
the time of presentation. Of the remaining 
326 patients (4 were lost to follow-up), 189
had recognized risk factors for DVT, 3 (1.6%)
of whom were also found to have cancer; and
137 patients had unexplained DVT, 10 of whom
(7.3%) were found to have occult carcinoma.
As in the Prandoni study, most of the patients
subsequently discovered to have cancer (10 of
13, 77%) had suggestive clinical findings in
the history or physical examination.9

Venous thromboembolism 
and specific types of cancer
Two large, retrospective epidemiologic studies
reviewed cases of thousands of patients in 
the Danish and Swedish National Patient
Registries.10,11 Investigators for these studies
found an approximately 30% increase in the 
diagnosis of cancer among patients with VTE
compared with the general population.
Because of their large size, both of these 
studies were able to demonstrate a significant
association between thrombosis and pancreat-
ic, liver, and ovarian cancers.

For liver and pancreatic cancers, consensus
opinion suggests that early diagnosis does not
change prognosis. Similarly, although some

experts recommend ultrasound and Ca-125
testing to investigate possible ovarian cancer,
no data support use of these tests in ovarian
cancer screening.12

An evaluation of the Danish National
Registry data has suggested that cancer diag-
nosed at the time of, or within a year of, the
diagnosis of VTE is usually advanced and is
associated with a poor prognosis.13 Indeed, the
authors of the Danish study concluded that for
patients with VTE, “[our] pragmatic recom-
mendation [is] to use only simple methods of
screening and to look for cancer in patients
with signs and symptoms of cancer.”13

Recommended work-up
We conclude the literature8–13 does not support
an aggressive search for hidden cancer in a
patient with idiopathic VTE (SOR=B). Routine
evaluation should include a careful history and
physical examination. Because of their low
cost, reliability, and ready availability, studies
such as a complete blood count, basic chem-
istry panel, liver function tests, and urinalysis
may be considered (SOR=B). Examples of 
findings during the initial history, physical
exam, and laboratory studies that should
prompt further evaluation include anorexia,
weight loss, cough, abdominal bloating, unex-
plained anemia, hyponatremia, hematuria, and
abnormal liver enzymes.

VTE Facts

It is estimated that more than 250,000

patients are hospitalized for venous throm-

boembolism (VTE) in the United Sates each

year.1 The number of VTE cases annually in

this country ranges from 600,000 to 

2 million.2,3 The most common causes of 

VTE include surgery, trauma, hospital or

nursing home confinement and malignant

neoplasm.4
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Unnecessary studies. Some authorities 
recommend a chest radiograph in the routine
evaluation for occult malignancy,9 but its clinical
utility for patients without pulmonary symptoms
has not been clearly demonstrated. Because of
their expense and low test yield, we do not advo-

cate the use of more elaborate screens 
for occult malignancy, such as computerized
tomography, magnetic resonance imaging, or
serologic tumor markers.

Caveat. In the past, nearly all patients with
pulmonary embolism or DVT were hospitalized
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to receive treatment with continuous intra-
venous heparin. Presumably these patients rou-
tinely received a careful history evaluation,
physical examination, and standard blood work. 

With increased use of low-molecular-weight
heparins (given subcutaneously once or twice
daily), many individuals with VTE are candi-
dates for treatment partially or totally on an
outpatient basis.14,15 Be sure that individuals
receiving outpatient treatment for idiopathic
VTE receive the same attention and routine
work-up as hospitalized patients.

■ COAGULATION DISORDERS
AND VENOUS THROMBOEMBOLISM

With advances in laboratory testing, more than
half of idiopathic VTE cases can be attributed to
a specific coagulation disorder. Data show that
in a randomly selected group of patients with
newly discovered DVT, 24% to 37% have an
inherited predisposition to thrombosis.16–19

Deficiencies in protein C, protein S, and
antithrombin were the first causes of inherited
thrombophilia to be identified;20–22 however,
these deficiencies are not particularly 
common. The most common causes of 
thrombophilic coagulation disorders are activat-
ed protein C resistance, the prothrombin gene
G20210A mutation, and hyperhomocysteinemia.

When to look for prothrombotic defects
If, after ruling out occult malignancy, the cause
of VTE remains uncertain, be judicious in 
deciding whether to run more tests for pro-
thrombotic defects. We advocate pursuing 
further testing for patients likely to have an
underlying hypercoagulable disorder, and for
whom the identification of such a disorder
would have management implications.

A decision to pursue testing with other
patients should be made on a case-by-case
basis. The yield in testing is low for many 
prothrombotic disorders, some tests are affect-
ed adversely by anticoagulation therapy, and the
influence of a positive test result on patient

management decisions remains unclear in many
cases. Finally, serologic evaluation for throm-
bophilia would be costly if conducted 
for all patients with VTE, and the potential 
clinical benefit would be small.

Although large epidemiologic studies are 
lacking to help identify patients at increased
risk of a hypercoagulable disorder, patients with
clinically significant inherited thrombophilia
tend to have VTE at a young age.23–25

In addition, advanced age alone is often
regarded as an identifiable risk factor for DVT.
A recent retrospective study demonstrated the
risk for DVT rose rapidly during the 6th through
8th decades of life.26

We generally recommend testing for hyper-
coagulable disorders upon discovering one of
the following findings:
• The first thrombotic event occurs when the
patient is younger than 50 years
• A family history of VTE exists
• Episodes of unexplained VTE recur (SOR=C).

Activated protein C resistance 
(Factor V Leiden mutation)
Prevalence. Approximately 90% of cases of 
activated protein C resistance are due to a 
substitution of glutamine for arginine at posi-
tion 506 on the factor V gene, the so-called
Leiden mutation.27 

Factor V Leiden mutation varies greatly by
race. In North America, this mutation is found in
the heterozygous form in approximately 5% of
Caucasians, 2% of Hispanics, 1% of African
Americans, and less than 0.5% of Asians.28

Persons heterozygous for factor V Leiden have
approximately a 7-fold increase in the relative
risk;29 persons homozygous for the mutation
have approximately an 80-fold increase in the
relative risk.30

Detection. Activated protein C resistance is
typically assessed by mixing patient plasma
with factor V–deficient plasma. This clotting
assay is not affected by oral anticoagulation
medication but is affected by heparin. A positive
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test result for activated protein C resistance typ-
ically warrants a polymerase chain reaction
assay to distinguish the factor V Leiden muta-
tion from other causes of activated protein C
resistance.

Testing considerations. Although factor V
Leiden mutation is the cause of activated 
protein C resistance in most cases, we recom-
mend that activated protein C resistance testing
be done first, as it is a less expensive and more
widely available test than the DNA-based factor
V Leiden mutation test. However, if a patient is
taking heparin at the time of evaluation for
thrombophilia, it may be necessary to defer acti-
vated protein C resistance testing or proceed
directly to factor V Leiden DNA-based testing.

Prothrombin gene G20210A mutation
Prevalence. Like the factor V Leiden mutation,
the prothrombin gene G20210A mutation is
more common among Caucasians than among
those of African or Asian descent.31 Prothrombin
mutation is estimated to cause a 2.5-fold rela-
tive risk of first DVT.32

Testing considerations. If cost or availability
of the polymerase chain reaction assay are
issues, a reasonable course of action would be to
reserve the assay for patients with factor V
Leiden mutation. Data suggest that patients
with both factor V and prothrombin gene
G20210A mutations are at significantly higher
risk for recurrent VTE; consider prolonged anti-
coagulation.33

Hyperhomocysteinemia
Evidence accumulating over the past decade has
shown an increased risk of VTE with 
elevated homocysteine levels. A case-control
study by den Heijer et al34 in 1996 demonstrated
a relative risk for first thrombosis of 2.5 in 
those with a homocysteine level above the 
95th percentile of the control group’s levels
(which in that study corresponded to a 
homocysteine level of 18.5 micromoles per 
liter or above). This predisposition to thrombo-

sis has also been demonstrated in subsequent
meta-analyses.35,36

When homocysteine levels are elevated in the
presence of factor V Leiden or the prothrombin
gene G20210A mutation, risk of thrombosis
appears to increase beyond that associated 
with any one defect alone, perhaps as high as
50-fold risk.37–39

■ MANAGEMENT IMPLICATIONS
OF TEST RESULTS

If testing for activated protein C resistance is 
possible and the result is positive, confirmatory
testing for factor V Leiden is indicated. 
If the patient is homozygous for factor V Leiden
(rare), or is heterozygous for factor V Leiden
and has the prothrombin gene G20210A defect,
consider a prolonged course of anticoagulation,
perhaps even for the rest of the patient’s life. 

We base these suggestions on the high rate of
VTE detected among individuals who are
homozygous for factor V Leiden30 and on a
recent study that showed the relative risk 
of recurrent thrombosis to be 2.6 for those with
factor V Leiden and prothrombin gene G20210A
mutations, versus for those heterozygous for
factor V Leiden alone.33 This recent study also
showed that the relative risk of recurrent
thrombosis was not increased in those 
heterozygous for the Factor V Leiden mutation
alone compared to those without this 
mutation.33

If either the factor V Leiden or the prothrom-
bin gene G20210A mutation is present, consid-
er prolonging the planned course of anticoagu-
lation (although the data to support this deci-
sion are less compelling). Data are limited and
conflicting regarding the appropriate length and
intensity of anticoagulation therapy for patients
with inherited prothrombotic defects.33,40–42

When prolonging anticoagulation for these
patients, try to balance the risk of 
a recurrent thrombotic event with the risk of a
bleeding complication from chronic anti-
coagulation.



Prolonged anticoagulation may also be indi-
cated if the homocysteine level is elevated and
either the factor V Leiden or the prothrombin
gene G20210A mutation is present. In addition,
therapy with folate, pyridoxine, and 
vitamin B12 should be initiated in cases of 
elevated homocyteine levels. We recommend the
use of these vitamins based on a meta-analysis
which demonstrated that folate supplementa-
tion at a dose of 0.5 mg to 5 mg/day lowered
homocysteine levels by approximately 25% and
vitamin B12 supplementation at a dose of 0.5
mg/day led to a further reduction of approxi-
mately 7%. In this same meta-analysis, pyri-
doxine at a mean dose of 16.5 mg daily did not
demonstrate further lowering of the homo-
cysteine level; however, as it is safe, inexpen-
sive and well-tolerated, we still recommend 
its use.43

Finally, while less common than the hyper-
coagulable states discussed above, the
antiphospholipid antibody syndrome should be
targeted as part of first-tier testing because of
its clear impact on management. If the antiphos-
pholipid antibody testing (such as the lupus
anticoagulant or anticardiolipin antibody)
results are positive, lifelong anticoagulation44

and perhaps a higher target international nor-
malized ratio are considerations.

Second-tier testing: 
Pursuing less common defects
If the preceding evaluation is unrevealing for a
patient with high-risk characteristics, consider
pursuing “second-tier” testing. Such testing
may include functional and immunologic assays
for protein C, protein S, and anti-thrombin III
deficiencies, all of which are heterozygous
abnormalities caused by multiple mutations
and, thus, not detectable with genetic assays. 

Patients will likely be taking anticoagulation
medication when these tests are administered;
thus, test results must be interpreted with 
caution. Testing for these deficiencies is most
reliable if conducted at least 2 weeks after anti-
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coagulation has been discontinued. Again, the
incidence of protein C, protein S, and antithrom-
bin III deficiencies is low, and the yield of 
testing therefore is also likely to be low.

We would not recommend discontinuing anti-
coagulation to conduct testing for these uncom-
mon defects once it has been initiated following
an acute thrombotic event. Rather, testing
should be pursued once the planned course of
anticoagulation with warfarin has been complet-
ed (for example, 6 to 9 months).

Other inherited thrombophilic disorders
include heparin cofactor II deficiency, plasmino-
gen deficiency, dysfibrinogenemia, factor XII
deficiency, and increased factor VIII coagulant
activity. These disorders are rare and their clin-
ical importance remains unclear. Testing for
these disorders, if desired, is best conducted in
consultation with a hematologist or coagulation
specialist.
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