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Abstract
Selected blood tests may be useful in the diagnosis of venous thromboembolism (VTE),
or in the identification of a congenital or acquired defect associated with the development
of VTE. Several studies have shown the D-dimer assay to have a high negative predictive
value but poor specificity when used in the detection of VTE. Yet in the emergency
room setting, the D-dimer test may be useful if a detailed risk factor analysis for each
patient is included in the diagnosis. The presence of such genetic thrombophilia markers
as factor V Leiden, prothrombin 20210A mutation, and antiphospholipid antibodies
significantly increases a patient’s risk of a thrombotic event. The relative risk of
thrombosis in factor V heterozygotes is at least 3 times higher than in the general
population, while the increased risk of thrombosis in homozygotes is estimated to be 50to 80-fold greater than in those without the defect. Thromboembolic events are reported in
approximately one-third of antiphospholipid-positive patients. Other markers such as
hyperhomocysteinemia and deficiencies of antithrombin, protein C, or protein S, when
combined with the previous mutations, significantly increase a patient’s risk of a
thrombotic event. We feel that it is important to identify these ultra-high-risk patients in
order to provide adequate counseling about the risk of thrombosis before elective surgical
procedures. Often, lifelong anticoagulation may be needed for these patients, and family
members may need testing before taking birth control pills or hormonal replacement.
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Introduction
The purpose of this brief review is to discuss the value of selected blood tests that may be
useful in the diagnosis of venous thromboembolism (VTE), or in the identification of a
congenital or acquired defect associated with the development of VTE. It is extremely
important in today's cost-conscious world to make sure that each test that is ordered will
be clinically useful in the management of the patient. This approach is emphasized in this
review.

D-dimer Assay
This assay involves measuring D-dimer, which is a fibrin-specific degradation product
that detects cross-linked fibrin resulting from endogenous fibrinolysis and hence deep
vein thrombosis (DVT). Several studies have shown that this assay has a high negative
predictive value and is a relatively sensitive but nonspecific marker for DVT.1-3 Brotman
et al evaluated the utility and limitations of D-dimer testing for evaluation of VTE in
hospitalized patients.4 Four different methods of D-dimer testing were used in this study.
D-dimer testing had little or no utility in distinguishing patients with thrombosis from
those without thrombosis in patients who had been hospitalized for more than 3 days,
were older than 60 years, or had C-reactive protein levels in the highest quartile. In
unselected patients, D-dimer testing had limited clinical utility due to its poor specificity.
The use of the D-dimer assay in an emergency room setting, on the other hand, is
appealing since often it is not possible to get definitive testing for venous thrombosis.
Efforts to find new screening methods are prompted by the high incidence of negative
scans in patients referred to the vascular laboratory for venous duplex scan examination.
In our vascular laboratory, less than 20% of all patients seen were found to have a DVT.5
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Recently, a multicenter prospective cohort study examining the safety and
effectiveness of a comprehensive strategy integrating a clinical risk assessment score, Ddimer testing, and compression ultrasonography in patients presenting to the emergency
department with symptoms suggestive of DVT was published.6 Through a published
commentary on this article Oswald suggested that the diagnostic strategy employed in
this study was successful.7 Of the 882 individuals in whom proximal DVT was excluded
during initial evaluation, only 4 patients (0.5%) were subsequently diagnosed with
proximal DVT and none developed pulmonary emboli (PE) during 90 days of follow-up.6
However, the results section of the original article reveals that an additional 5 patients
with calf vein thrombosis were missed on the initial evaluation. In addition, Anderson
used only compression ultrasonography, which would be unacceptable in many vascular
laboratories in the United States. Examination of the entire leg, not just compression
ultrasonography, is the standard of care in our institution and in many other hospitals
across the country. All of the large prospective studies evaluating D-dimer assays in lowrisk patients compared to duplex ultrasonography have been done using scans that only
examine the leg down to the trifurcation below the popliteal fossa. This means that all
clots below this level in the calf would have been missed in these studies. Future studies
which compare total leg duplex ultrasonography to D-dimer assays should be conducted
before final conclusions are made regarding the use of D-dimer alone as a screening tool
for all leg thromboses.
Although preventing clinical PE is an important goal, equally important is the
prevention of postthrombotic syndrome and recurrent thrombosis.8 In a 30-year study,
Heit observed that the incidence of sudden death following a recurrent PE is 20%.9
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Prevention of these complications can be achieved only by diagnosing and treating all leg
thrombi. In a study conducted by Anderson,6 when the D-dimer assay alone was used to
detect proximal DVT, the overall sensitivity was 82.6% with a specificity of 70%. These
numbers are not good enough to justify using the D-dimer test alone for VTE diagnosis.
In our emergency room we use the D-dimer assay in low-risk patients with leg symptoms
when a duplex scan is not immediately available, such as in the middle of the night. If
the D-dimer assay is negative, the patient is brought back in the morning for a duplex
scan. If the assay is positive, the patient is given a single dose of low molecular weight
heparin (LMWH) and asked to return in the morning for a duplex scan. Moderate- and
high-risk patients receive a dose of LMWH until the scan is done the next day; D-dimer
tests are not performed in these patients.
D-dimer levels have been successfully used by Wells and colleagues to rule out
low-risk patients with suspected PE. The negative predictive value using a combination
of a low clinical probability assessment score and negative D-dimer assay in outpatients
suspected of having a PE was 99.5%, including long-term follow-up.10 A more recent
study by these authors concluded that DVT may be ruled out and ultrasonography safely
omitted where there is low clinical probability of DVT and a negative D-dimer test.11
Leclercq reported no long-term thromboembolic complications in 64 patients using a
combination of the D-dimer assay and clinical probability strategies to rule out PE in the
outpatient setting.12 A study conducted by Dunn et al had the largest cohort of patients
with suspected PE undergoing D-dimer assay in the emergency department. The high
negative predictive value (99.6%) led these authors to conclude that a negative D-dimer
Elisa assay can almost always exclude PE in the emergency department setting.13 Further
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studies are necessary in patients undergoing full leg duplex ultrasonography before
adopting this method for venous thrombosis diagnosis. Screening methods emphasizing
cost-effectiveness are limited in that even one mistake in diagnosis may result in a
preventable death.

Thrombophilia
The term ‘thrombophilia’ was introduced in 1965 by Egeberg to describe a tendency to
develop venous thrombosis in a Norwegian family that was subsequently shown to have
antithrombin deficiency.14 Middeldorp et al suggested that thrombophilia is usually
diagnosed on clinical grounds and among the more important features are thrombosis at a
young age, recurrent thrombosis, heparin resistance, purpura fulminans, warfarin-induced
skin necrosis, a family history of thrombosis, and thrombosis in an unusual site.
Thrombotic events during pregnancy are frequently seen in those with
thrombophilia defects, which emphasizes the importance of taking a careful obstetrical
history in all patients as part of their thrombosis risk-assessment profile. Obstetrical
complications such as toxemia, stillbirth, placental insufficiency, and the hemolysis,
elevated liver enzymes and low platelet count (HELLP) syndrome may occur.15 Pregnant
patients developing VTE frequently harbor thrombophilia defects (Table 1).16 Patients
developing these problems should be screened for thrombophilia as they may suffer an
increased incidence of thrombosis later in life following joint replacement or other major
surgery compared to patients without these defects.

Factor V Leiden
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Activated protein C resistance (APC-R), first described in 1993,17 is reported to be the
most common cause of familial thrombophilia.18 In the majority of these cases, the APCR is due to a single mutation in the factor V gene, which is known as factor V Leiden.
This defect, which is inherited as an autosomal dominant, renders factor V much more
resistant to proteolytic degradation by activated protein C.19 This phenomenon results
in a hypercoagulable state and is seen in 3% to 7% of Caucasian populations, up to 50%
in selected thrombophilic families, and in 20% of unselected venous thrombosis
patients.20
Unpublished data from my own practice reveal that 17.6% of patients with a
history of DVT tested positive for the Leiden defect. In my patients with a history of PE
the incidence was 27.3%, in those with a family history of thrombosis it was 30.8%, and
in those presenting with current deep venous thrombosis 36% had a positive Leiden
mutation. The relative risk of thrombosis in heterozygotes is at least three times higher
than in the general population, while the increased risk of thrombosis in homozygotes is
estimated to be 50- to 80-fold greater than in those without the defect.21 While only 2% of
patients have this extreme form of the defect, serious discussions to inform the patient of
the severity of the risk should be had prior to surgery.

Prothrombin 20210A Mutation
The risk for venous thrombosis is also increased in patients who have the recently
recognized mutation in the prothrombin gene (P20210A). This mutation results in
elevated levels of prothrombin due to increased prothrombin synthesis, and is associated
with a 3-fold increase in the risk for venous thrombosis. The prothrombin gene mutation
is second in frequency to the Leiden mutation. Approximately 5.5% of patients with
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venous thrombosis will harbor this disorder, and about 1.2% of individuals in the general
population will test positive for the defect.22 Others have suggested that this mutation is
found in 5% to 15% of patients presenting with venous thrombosis and about 15% of
patients being investigated for thrombophilia.23,24 In my practice, those with a history of
DVT had a 17.6% incidence of the defect, those with a history of PE had an 18.2%
incidence, and those with current DVT had a 12% incidence of a positive defect.

Antiphospholipid Antibody Syndrome
Antiphospholipid antibodies are a heterogeneous family of immunoglobulins that include,
among others, lupus anticoagulants and anticardiolipin antibodies. Thromboembolic
events are reported in approximately one-third of antiphospholipid-positive patients.
These events include venous thrombosis, stroke, myocardial infarction, gangrene,
recurrent pregnancy loss, and thrombocytopenia. Neurologic manifestations include
single or recurrent cerebral infarcts, severe vascular headaches, transient ischemic
attacks, and visual disturbances such as amaurosis fugax or retinal artery or vein
occlusion. Recurrent strokes are more likely in patients with the antiphospholipid
antibody syndrome and other risk factors such as cigarette smoking and hyperlipidemia.25
The relationship between lupus anticoagulants and anticardiolipin antibodies and
thrombosis has been thoroughly investigated, and laboratory and clinical criteria for
defining the antiphospholipid syndrome have been published.26 Recurrent fetal loss has a
well-established association with the antiphospholipid syndrome.27 The incidence of the
antiphospholipid antibody syndrome in the Caucasian population is 2% to 3%. The risk
of recurrent thrombosis in patients with antiphospholipid antibody syndrome is high,
ranging from 22% to 69%.28 When these patients have an additional prothrombotic
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genetic risk factor, life-long anticoagulation may be necessary due to the increased
thrombotic risk. These patients should be counseled before having elective surgery
because of the degree of postoperative thrombotic risk. The most powerful and effective
regime for prophylaxis should be used in these patients despite the fact that sometimes it
may be associated with a slightly higher bleeding risk.29

Hyperhomocysteinemia
The elevation of homocysteine levels in the blood has become a popular topic due to
increasing associations between these elevations and the presence of arterial and/or
venous thrombotic events. Such events include venous thrombosis, stroke, and
myocardial infarctions. Prospective data investigating these relationships show
conflicting results. Certain studies have suggested that elevated homocysteine levels
roughly double the incidence of venous thrombosis,30 Overall, however, there appears to
be a weak positive association.31
Some clinicians feel it is important to test for this defect in those with stroke,
myocardial infarction, DVT, and prior to elective operative procedures. When values are
elevated, vitamin therapy can be used to lower these levels and, theoretically, provide
protection against recurrent arterial or venous thrombotic events postoperatively. We
prefer to measure homocysteine levels instead of testing for the gene that plays a role in
the homocysteine metabolism known as methylene tetrahydrofolate reductase (MTHFR).
Thirty percent of normal individuals have a heterozygous genetic defect without any
increase in risk of thrombosis, and if the defect is homozygous, it is thought to contribute
to venous thrombosis only if homocysteine levels are increased. The mechanism whereby
homocysteine increases the incidence of vascular events including deep vein thrombosis
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is thought to be related to endothelial damage, although more work needs to be done in
this area.32

Deficiencies of Natural Coagulation Inhibitors
Deficiencies of antithrombin, protein C, and its cofactor protein S were the first genetic
causes of venous thrombosis to be discovered. These deficiencies are very uncommon,
emerging in less than 1% of the population, although they are frequently discovered in
those suffering from a thrombotic event.33,34 A major clinical problem is that these
defects can coexist with other genetic abnormalities such as the Leiden defect, resulting
in an enormously increased risk for developing a venous thromboembolic event (Table
2).35 This is another group of patients where special counseling is recommended during
serious illness or prior to major operative procedures due to the very high incidence of
VTE.

Additional Markers of Thrombophilia
Reports have appeared implicating disorders of the fibrinolytic system in an increased
risk for VTE, including thrombin activatable fibrinolysis factor (TAFI). Elevated levels
of certain coagulation factors including factors II, VIII, IX, and XI have been associated
with an increased risk of thrombosis. It has been postulated that 10% of the population
may fit the definition of an elevated level. Little is known about these abnormalities but it
is thought that they are a combination of congenital and acquired factors.36-40

Clinical Significance
In patients with a history of thrombosis the question is often asked: Why test patients if
the clinical course of action will not be different for those having a heterozygous Leiden
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or other similar defect? Many feel that if a patient has additional risk factors such as
surgery, immobilization, or serious medical illnesses, most physicians would treat these
individuals like any other person with a history of thrombosis, by providing additional
prophylaxis relative to those in the general population without a positive thrombotic
history. Zwicker reminds us that patients with protein C deficiency and a heterozygous
Leiden defect have a 73% incidence of a recurrent venous thrombosis, those with a
Leiden defect and protein S deficiency have a 72% incidence of recurrent venous
thrombosis, and those with an antithrombin deficiency and a Leiden defect have an
incidence of recurrent venous thrombosis of 92%.35 Unfortunately, these other markers of
thrombophilia are not often tested for because they are very uncommon in the general
population (1% to 7%).41
One can see that if there is a combination of defects present, the risks for VTE
may be extremely high and probably requires special counseling of these patients and
their families. The presence of additional risk factors in patients with a heterozygous
Leiden defect such as pregnancy, oral contraceptives, hormonal replacement, surgery,
cancer, age, or other serious medical disease markedly increases thrombotic risk.42
Naturally emergent operative procedures for cancer, serious vascular, or other medical
problems will need to be performed, as is the case in the general population. However, in
individuals where the incidence of thrombosis is 50- to 80-fold greater than the incidence
in the general population, patients and their families should be counseled regarding the
thrombotic risks associated with surgery.
Some investigators conclude that patients with a heterozygous defect of both
factor V Leiden and prothrombin 20210A should receive life-long anticoagulation to
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prevent recurrent thrombosis.42 A key question for those who do not agree with routine
thrombophilia testing is: How else would individuals like the ones mentioned above with
a double genetic defect or homozygous defect be identified? Failure to identify these
patients prevents the identification of the true incidence of thromboembolism and
eliminates the possibility of properly protecting and advising them prior to performance
of elective operative procedures. Patients undergoing elective operative procedures, such
as total joint replacement, should be offered the most powerful prophylaxis against
thrombosis. Several anticoagulant options are available; those which have been shown in
randomized clinical trials to result in the fewest venographically detected thrombi should
be used.
It is prudent to measure serum homocysteine levels in patients with a history of
stroke prior to elective surgical procedures. Patients with elevated values may be treated
with vitamins B6, B12, and folic acid in order to reduce these levels and decrease the risk
of VTE. Those suffering from arterial thrombosis should be tested for anticardiolipin
antibodies and the presence of serum homocysteine. Other genetic markers have not been
convincingly shown to be associated with arterial thrombosis.43 In cases of thrombosis in
unusual sites, most investigators would perform complete testing; a variety of
thrombophilic defects have been observed in those with mesenteric, portal, cerebral, or
retinal vein thrombosis.43
Careful and selective thrombophilia testing should be done in all patients where
the results would affect their medical management or provide useful data for the health
care of family members.

- 11 -

- 12 -

References
1. Wells PS, Brill-Edwards P, Stevens P, et al. A novel and rapid whole-blood
assay for D-dimer in patients with clinically suspected deep vein
thrombosis. Circulation. 1995;91:2184-2187.
2. Ginsberg JS, Kearon C, Douketis J, et al. The use of D-dimer testing and
impedance plethysmographic examination in patients with clinical
indications of deep vein thrombosis. Arch Intern Med. 1997;157:10771081.
3. Wells PS, Anderson DR, Bormanis J, et al. SimpliRED D-dimer can reduce
the diagnostic tests in suspected deep vein thrombosis. Lancet.
1998;351:1405-1406.
4. Brotman DJ, Segal JB, Jani JT, et al. Limitations of D-dimer testing in
unselected inpatients with suspected venous thromboembolism. Am J Med.
2003;114:276-282.
5. Motykie GD, Caprini JA, Arcelus JI, et al. Risk factor assessment in the
management of patients with suspected deep venous thrombosis. Int Angiol.
2000;19:47-51.
6. Anderson DR, Kovacs MJ, Kovacs G, et al. Combined use of clinical
assessment and D-dimer to improve the management of patients presenting
to the emergency department with suspected deep vein thrombosis (the
EDITED study). J Thromb Haemost. 2003;1:645-651.

- 13 -

7. Oswald CT, Menon V, Stouffer GA. The use of D-dimer in emergency
room patients with suspected deep vein thrombosis: a test whose time has
come. J Thromb Haemost. 2003;1:635-636.
8. Prandoni P, Lensing AW, Prins MH, et al. Residual venous thrombosis as a
predictive factor of recurrent venous thromboembolism. Ann Intern Med.
2002;137:955-960.
9. Heit JA. Venous thromboembolism epidemiology: implications for
prevention and management. Semin Thromb Hemost. 2002;28:3-13.
10. Wells PS, Anderson DR, Rodger M, et al. Excluding pulmonary embolism
at the bedside without diagnostic imaging: management of patients with
suspected pulmonary embolism presenting to the emergency department by
using a simple clinical model and D-dimer. Ann Intern Med. 2001;135:98107.
11. Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in the
diagnosis of suspected deep-vein thrombosis. N Engl J Med.
2003;349:1203-1204.
12. Leclercq MG, Lutisan JG, Van Marwijk Kooy M, et al. Ruling out
clinically suspected pulmonary embolism by assessment of clinical
probability and D-dimer levels: a management study. Thromb Haemost.
2003;89:97-103.
13. Dunn KL, Wolf JP, Dorfman DM, et al. Normal D-dimer levels in
emergency department patients suspected of acute pulmonary embolism. J
Am Coll Cardiol. 2002;40:1475-1478.

- 14 -

14. Egeberg O. Inherited antithrombin deficiency causing thrombophilia.
Thromb Diath Haemorrh. 1965;13:516-530.
15. Middeldorp S, Buller H, Prins M, et al. Approach to the thrombophilic
patient. In: Coleman R, ed. Hemostasis and Thrombosis: Basic Principles
and Clinical Practice. Philadelphia, Pa: Lippincott, Williams & Wilkins;
1994;1085-1100.
16. Brenner B, Caprini JA, Greer IA, et al. Women’s health issues in venous
thromboembolism. In: Excerpts from the Experts Series. Netherlands,
Excerpta Medica Medical Communications BV; 2001; 2-24.
17. Dahlback B, Carlsson M, Svensson PJ. Familial thrombophilia due to a
previously unrecognized mechanism characterized by poor anticoagulant
response to activated protein C: prediction of a cofactor to activated protein
C. Proc Nat Acad Sci USA. 1993;90:1004-1008.
18. Dahlback B. Inherited thrombophilia: resistance to activated protein C as a
pathogenic factor of venous thromboembolism. Blood. 1995;85:607-614.
19. Kalafatis M, Bertina RM, Rand MD, et al. Characterization of the
molecular defect in factor VR506Q. J Biol Chem. 1995;270:4053-4057.
20. Rees DC, Cox M, Clegg JB. World distribution of factor V Leiden. Lancet.
1995;346:1133-1134.
21. Dahlback B. New molecular insights into the genetics of thrombophilia.
Resistance to activated protein C caused by Arg506 to Gln mutation in
factor V as a pathogenic risk factor for venous thrombosis. Thromb
Haemost. 1995;74:139-148.

- 15 -

22. Alving B. Update on recognition and management of patients with acquired
or inherited hypercoagulability. Compr Therapy. 1998;24:302-309.
23. Salomon O, Steinberg DM, Zivelin A, et al. Single and combined
prothrombotic factors in patients with idiopathic venous thromboembolism:
prevalence and risk assessment. Arterioscler Thromb Vasc Biol.
1999;19:511-518.
24. Rosendaal FR, Doggen CJ, Zivelin A, et al. Geographic distribution of the
20210 G to A prothrombin variant. Thromb Haemost. 1998;79:706-708.
25. Levine SR, Deegan MJ, Futrell N, et al. Cerebrovascular and neurologic
disease associated with antiphospholipid antibodies: 48 cases. Neurology.
1990;40:1181-1189.
26. Wilson WA, Gharavi AE, Koike T, et al. International consensus statement
on preliminary classification criteria for definite antiphospholipid
syndrome: report of an international workshop. Arthritis Rheum.
1999;42:1309-1311.
27. Triplett DA, Harris EN. Antiphospholipid antibodies and reproduction. Am
J Reprod Immunol. 1989;21:123-31.
28. Khamashta MA, Cuadrado MJ, Mujic F, et al. The management of
thrombosis in the antiphospholipid-antibody syndrome. N Eng J Med.
1995;332:993-997.
29. Bauer KA, Eriksson BI, Lassen MR, et al. Steering Committee of the
Pentasaccharide in Major Knee Surgery Study. Fondaparinux compared

- 16 -

with enoxaparin for the prevention of venous thromboembolism after
elective major knee surgery. N Engl J Med. 2001;345:1305-1310.
30. Bauer KA, Rosendaal FR, Heit JA, et al. Hypercoagulability: too many
tests, too much conflicting data. Hematology. 2002:353-368.
31. Key NS, McGlennen RC. Hyperhomocyst(e)inemia and thrombophilia.
Arch Pathol Lab Med. 2002;126:1367-1375.
32. Kluijtmans LA, den Heijer M, Reitsma PH, et al. Thermolabile
methylenetetrahydrofolate reductase and factor V Leiden in the risk of
deep-vein thrombosis. Thromb Haemost. 1998;79:254-258.
33. Heijboer H, Brandjes DPM, Buller HR, et al. Deficiencies of coagulationinhibiting and fibrinolytic proteins in outpatients with deep-vein
thrombosis. N Engl J Med. 1990;323:1512-1516.
34. Koster T, Rosendaal FR, Briet E, et al. Protein C deficiency in a controlled
series of unselected outpatients: an infrequent but clear risk factor for
venous thrombosis (Leiden Thrombophilia Study). Blood. 1995;85:27562761.
35. Zwicker J, Bauer KA. Thrombophilia. In: Kitchens CS, Alving B, Kessler
CM, eds. Consultative Hemostasis and Thrombosis. Philadelphia, Pa: WB
Saunders Co; 2002:181-196.
36. Poort SR, Rosendaal FR, Reitsma PH, et al. 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; 88:3698-3703.

- 17 -

37. Koster T, Blann AD, Briet E, et al. Role of clotting factor VIII in effect of
von Willebrand factor on occurrence of deep-vein thrombosis. Lancet.
1995;345:152-155.
38. van Hylckama Vlieg A, van der Linden IK, Bertina RM, et al. High levels
of factor IX increase the risk of venous thrombosis. Blood. 2000;95:36783682.
39. Meijers JC, Tekelenburg WL, Bouma BN, et al. High levels of coagulation
factor XI as a risk factor for venous thrombosis. N Engl J Med.
2000;342:696-701.
40. van Tilburg NH, Rosendaal FR, Bertina RM, et al. Thrombin activatable
fibrinolysis inhibitor and the risk for deep vein thrombosis. Blood.
2000;95:2855-2859.
41. De Stefano V, Martinelli I, Mannucci PM, et al. The risk of recurrent deep
venous thrombosis among heterozygous carriers of both factor V Leiden
and the G20210A prothrombin mutation. N Eng J Med. 1999;341:801-806.
42. Rosendaal FR, Koster T, Vandenbroucke JP, et al. High risk of thrombosis
in patients homozygous for factor V Leiden (activated protein C resistance).
Blood. 1995;85:1504-1508.
43. 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;7:444-451.

- 18 -

