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Should adult patients be routinely tested for heritable
thrombophilia after an episode of venous thromboembolism?

Wai Khoon Ho, Graeme J Hankey and John W Eikelboom

caused by heritable and acquired factors that lead to

alterations in blood flow, endothelial injury and hyperco-
agulability of the blood. Patients with a first episode of VTE are
generally treated with heparin for at least 5 days, followed by
warfarin for 3-6 months.! Warfarin prevents recurrent VTE as long
as treatment is continued but is inconvenient (regular anticoagula-
tion monitoring is required) and risky (it may cause major
bleeding). Thus, in deciding the duration of warfarin treatment,
clinicians need to balance the risk of recurrent VTE when warfarin
is discontinued against the inconvenience and risks of continuing
treatment.

The risk of recurrent VIE can be quantified with reasonable
precision by means of clinical assessment of the circumstances and
likely cause of the index episode of VTE. If exposure to the cause
of the VTE is transient (eg, recent surgery or hospitalisation) or can
be “reversed” (eg, oestrogen therapy or pregnancy), then the long-
term risk of recurrent VTE is likely to be low and long-term
warfarin treatment is not required.

If, however, exposure to the cause of the VTE is permanent or
irreversible (eg, paralysis after a stroke), then the long-term risk of
recurrent VTE is likely to remain high. If the cause of the VTE is
unexplained (idiopathic), the risk of recurrence is high but the
optimal duration of anticoagulation remains unclear.

Laboratory testing for heritable thrombophilia, including factor
V Leiden (FVL), the prothrombin (factor II) gene mutation (the
substitution of A for G at position 20210 [FI120210A]), and
deficiencies of the natural anticoagulants (antithrombin, protein C
and protein S), has been proposed to help stratify patients’ risk of
recurrence (above and beyond clinical factors) and thereby inform
the optimal duration of anticoagulation.*

However, testing practices seem to be highly variable, perhaps
because Australian guidelines for thrombophilia testing are lack-
ing. We believe that there is a need for local evidence-based
guidelines that take into account the following issues.

‘ J” enous thromboembolism (VTE) is a multifactorial disease

How prevalent is heritable thrombophilia?

The prevalence of heritable thrombophilia (and the yield of
thrombophilia testing) is influenced by the age and ethnic origin of
the population. It is present in about a third of patients of
European origin who have VTE, irrespective of whether the VTE is
provoked or idiopathic,>® and is more common in younger
patients (< 50 years) with VTE.* FVL and FI120210A are the two
most common types of heritable thrombophilia in people of
European origin, but are much less common in some Asian
populations and are rarely found in Indigenous Australians with-
out European admixture.®

Is the test for heritable thrombophilia standardised?

Genetic testing for the gain-of-function mutations, FVL and
FI120210A, is available in many routine clinical laboratories, but
genetic testing for deficiencies of the natural anticoagulants is not
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The clinical usefulness of laboratory testing of adult patients
with venous thromboembolism (VTE) for heritable
thrombophilia needs to be critically evaluated. At present,
some clinicians use testing to identify patients at higher risk of
recurrence (who may benefit from an extended period of
anticoagulation beyond the usual 3-6 months) and their
relatives at risk of a first VTE episode.

As prevalence of heritable thrombophiliais related to age and
ethnic origin, the pretest probability of detecting heritable
thrombophilia may be low in unselected populations.

Interpretation of laboratory results may not be
straightforward. Apparent deficiencies of a natural
anticoagulant may be due to acute thrombosis and
“consumption”, concomitant therapy with heparin and/or
warfarin and other clinical factors.

The predictive value of recurrent VTE conferred by the most
common types of heritable thrombophilia (factor V Leiden
and the G20210A prothrombin mutation) is limited. Risk of
recurrence associated with deficiencies of a natural
anticoagulant is less certain due to their rarity.

Clinical risk factors (eg, the presence or otherwise of
provoking factor(s) and whether or not the risk factor for VTE
is reversible or permanent) appear to be the most important
predictors of VTE recurrence. Duration of anticoagulation
should be determined by clinical risk factors rather than the
presence, or otherwise, of heritable thrombophilia.

The benefit of identifying relatives who are carriers of
thrombophilia is uncertain, as VTE is a multifactorial disease
resulting from the interaction of various risk factors, some well
recognised and others as yet unknown.
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routinely available; these require antigenic and/or functional assays
to establish the diagnosis. However, in the Quality Assurance
Program for Haematology of the Royal College of Pathologists of
Australasia, the coefficients of variation for such assays range from
5% to 40%, with protein S assays showing the greatest variability.”
Blood levels of protein C and protein S, measured by clot-based
functional assays, are often lower in patients with raised blood
levels of factor VIII and in those with concomitant FVL.” There-
fore, interpreting results of blood tests for the natural anticoagu-
lants requires consideration of both patient factors and laboratory
methods.

Are there population norms to guide interpretation of
test results?

Population studies have provided reference ranges for blood levels
of the natural anticoagulants. However, these blood levels are
influenced by health and sickness, potentially complicating inter-
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pretation of results. This is especially the case for protein S, 40%—
50% of which circulates as the free form, with the remainder
bound to the complement component, C4b-binding protein. Only
the free fraction of protein S is physiologically active and normal
ranges differ between the sexes, and between pre- and postmeno-
pausal women. A low blood level of any of the natural anticoagu-
lants requires confirmation by retesting and interpretation in the
light of clinical circumstances. Testing of relatives may be neces-
sary to confirm a heritable deficiency.

Protein S deficiency appears to significantly increase the risk of
VTE when the free antigen level is < 30%,® whereas the lower limit
of the reference range (based on healthy blood donors) is much
higher at about 65%. With protein C, thrombotic risk appears to
correlate with the level: using protein C activity =85% as a
reference, for every 10% decrease in level, thrombotic risk
increases progressively9

Although population norms are available, the interpretation and
predictive value of a reduced level of the natural anticoagulants are
often uncertain.

Is the test result valid?

Heparin therapy affects antithrombin levels whereas warfarin
lowers blood levels of protein C and protein S. Thus, testing for
deficiencies of the natural anticoagulants should ideally be under-
taken when the patient is not receiving anticoagulation medica-
tion. Despite this, a recent audit of investigation for heritable
thrombophilia in an Australian institution reported that the result
in 40%-90% of the cases with apparent deficiencies in natural
anticoagulants was attributable to concomitant anticoagulant ther-
apy.'? Testing at the time of VTE diagnosis may also give falsely low
levels of the natural anticoagulants, because of acute thrombosis
and “consumption”.

Further, in the Royal College of Pathologists of Australasia
Quality Assurance Program for Haematology, errors occurred in
2%-8% of assays for the natural anticoagulants (false normal
interpretation for deficient samples and false abnormal interpreta-
tion for normal plasma).” Genetic testing is generally considered
diagnostic but inaccuracies arise when reagents or samples become
contaminated, or when errors occur in sample matching or
transcription of results. Genetic testing for FVL and FII20210A
gives average error rates of 1%-2% in Australasia, although a
patient with homozygous FVL was incorrectly diagnosed by as
many as 15% of laboratories.!!

As with all tests, results of laboratory testing for heritable
thrombophilia are not always accurate.

Does testing provide clinically significant prognostic
value?

In a meta-analysis of about 3000 patients with a first episode of
VTE (not associated with malignancy), heterozygous carriage of
FVL or F1120210A conferred a modest 1.4-fold or 1.7-fold increase
in recurrence risk, respectively, compared with non-carriage of
these mutations.? Cohort studies have reported that heterozygous
natural anticoagulant deficiencies collectively conferred a 1.5-1.8-
fold increased recurrence risk when compared with patients
having normal levels.'>!'* Of the natural anticoagulants, anti-
thrombin deficiency appears to be associated with the greatest risk
(1.9-2.6-fold increased risk) of recurrent VTE >!?

One study found that after a first episode of VTE, patients who
are compound heterozygous for FVI/FII20210A have a 2.7-fold
higher risk of recurrence compared with non-carriers.'” In another
study, however, carriers of FVL and another thrombophilia did not
have a higher risk of recurrence compared with carriers of FVL
alone, even if the first episode of VTE was idiopathic.'* A more
recent study also showed that patients who were homozygous
carriers of FVL or FII20210A and those who were compound FVL/
FI120210A heterozygote carriers did not have a higher recurrence
risk than non-carriers.'®

These data suggest that laboratory testing for FVL and
FI120210A has limited prognostic value. Natural anticoagulant
deficiencies may be associated with a higher risk of recurrence
than FVL and FII20210A, but are much less common and
estimates of recurrence risk are less certain.

Have clinical risk factors been evaluated and
appropriately modified?

Patients with a reversible risk factor for VIE have a low rate of
recurrence: in one cohort, those with an episode of VTE provoked
by recent surgery or pregnancy who received 6 months of anti-
coagulation had a negligible risk of VTE recurrence at 2 years. When
VTE was provoked by other reversible risk factors (eg, oral contra-
ceptive use, limb immobilisation in a plaster cast), the 2-year
recurrence rate was 8.8% compared with 19.4% for idiopathic
cases.” VTE associated with a permanent risk factor (eg, malignancy)
has a high risk of recurrence regardless of thrombophilia status.
Thus, clinical risk factors appear to be the most important
predictors of recurrence and should be modified where possible.
There are no studies evaluating the predictive value of heritable
thrombophilia after modification of a transient risk factor.

Will test results alter clinical management and does
intervention (eg, prolonged anticoagulation) provide
clinical benefit?

No randomised controlled trials have examined the impact of
thrombophilia testing (and altered management based on test
results) on the risk of recurrent VTE."” An uncontrolled study
showed that testing and presumably any subsequent management
did not reduce recurrence risk.'®

There is some evidence to suggest that anticoagulation for the
standard 6 months (or longer) ameliorates the effect of heritable
thrombophilia on recurrence risk. A retrospective cohort study of
714 patients with a first episode of VTE found a higher risk of
recurrence among carriers of FVL and/or FII20210A, compared
with patients with neither mutation, when anticoagulation was
given for only 3 months. However, after 6 months or more of
anticoagulation, there was no difference in recurrence risk between
carriers and non-carriers.” Likewise, a substudy of 195 patients
with a first episode of idiopathic VTE reported that patients with
thrombophilia (heritable and acquired) had an increased recur-
rence risk, compared with those without thrombophilia, when
anticoagulation was given for 3 months, but this difference in risk
was no longer evident when treatment was extended to 12
months.'” The benefit of a longer duration of anticoagulation was
not confirmed in another retrospective analysis of 496 patients
with a first episode of VTE who were allocated at random to either
6 weeks or 6 months of anticoagulation.*°
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Examples of clinical situations in which testing for
heritable thrombophilia may be considered???’

Clinical situation Possible argument for testing

Tailoring of prophylaxis especially
when a “higher risk”
thrombophilia (eg, antithrombin
deficiency) is found?

Preventing VTE during
pregnancy in a patient with a
previous episode of VTE

Case finding of asymptomatic
carriers, especially in families
with a strong history of VTE

Prevention of pregnancy- ~ Pregnant women with no previous
related VTE in VTE who have antithrombin
asymptomaticwomen with  deficiency may benefit from
heritable thrombophilia prophylaxis (including peripartum
antithrombin replacement)23

Prevention of VTE through  Testing of female relatives of FVL
avoidance of oral carriers was reportedly cost-
oestrogen-containing effective; however, the modelling
hormone preparations assumed complete abstinence
among asymptomatic from oral contraceptive use
women with heritable among those found to be
thrombophilia carriers?

Identification of patients with

protein C or protein S
deficiency®>?

Development of skin necrosis
with warfarin

Identification of patients with
antithrombin deficiency (rare)

Heparin resistance
27

VTE = venous thromboembolism. FVL = Factor V Leiden. *

A survey of clinicians reported that, in almost 80% of patients
for whom heritable thrombophilia testing was requested, the test
results did not influence their decisions on subsequent patient
management.z1 Nevertheless, some clinicians test selected patients
and extend the duration of anticoagulation beyond 3-6 months in
those with a natural anticoagulant deficiency or with multiple
thrombophilia (Box).2*2

Does the overall benefit of testing outweigh the
adverse consequences and costs?

Testing positive for heritable thrombophilia can generate anxiety
and distress for affected patients and their families and the
potential exists for discrimination by insurers based on the test
results. In contrast, individuals who test negative for heritable
thrombophilia may be falsely reassured that they are not at an
increased risk of recurrence. Testing can also reveal unanticipated
deviations from normal patterns of inheritance and raise unwel-
come questions concerning parentage (eg, a homozygous parent
with an unaffected child).

Testing of female relatives of FVL carriers for their FVL status
before oral contraceptive use was found to be cost-effective,** but
the decision-tree model used assumed that none of the carriers
identified would take oral contraceptives, and that all episodes of
VTE were attributable to FVL. Furthermore, as VTE is a multifacto-
rial disease, a negative test in an asymptomatic relative in a family
with a strong history of thromboses does not exclude an increased
risk of VTE in that individual (due to other as yet unrecognised
genetic or environmental risk factors).*>*

In the 2009-10 financial year alone, Medicare Australia paid more
than $2.3 million in benefits for laboratory testing of patients with
VTE for heritable thrombophilia (and lupus anticoagulant).>® This
amount does not include testing for heritable thrombophilia in
public hospital laboratories and testing of relatives, so that the cost
to taxpayers may be several times higher. Moreover, the propriety of
requests for thrombophilia testing is called into question by a recent
audit of FVL testing at a tertiary institution in Australia.'® Consistent
with published data on cohorts of consecutive patients with VTE,
FVL was identified in about 25% of cases 15 years ago, whereas,
more recently, the mutation was found in fewer than 10% of
requests, a prevalence that is closer to that of the general (European
origin) population.'® This low level of detection implies that increas-
ingly, the test is being ordered as a screening tool.

If the results of testing do not influence management in most
patients, routine testing is unlikely to be cost-effective and, taking
into account the potential adverse psychosocial impact, we believe
it may cause net harm.

Are there alternative tests to guide clinical decision
making?

Preliminary data indicate that raised blood levels of D-dimer after
cessation of anticoagulation, and residual lower-limb venous
thrombosis detected by ultrasonography, have a high positive
predictive value for VTE recurrence.’’ These tests may serve as
alternatives to testing for heritable thrombophilia to predict VTE
recurrence, but their clinical usefulness also remains unproven.

Conclusion

We believe that, in the absence of evidence demonstrating benefit,
routine testing for heritable thrombophilia is unwarranted. This is
consistent with recent guidelines in the United Kingdom and some
European countries.>>*83! Moreover, the duration of anticoagula-
tion after an episode of VTE is determined by clinical risk
factors.?>?832 Long-term anticoagulation should be considered for
patients with recurrent VTE, regardless of their heritable throm-
bophilia status.>?

However, an argument can be made for thrombophilia testing in
selected clinical situations where the result may influence clinical
management of a patient or his or her relatives. These are high-
lighted in the Box.?***” The yield (ie, the likelihood of a positive test)
in such settings might be increased by restricting testing to younger
patients (eg, <50 years at the time of the first episode of VTE) and
those with a strong family history of VTE (eg, two or more affected
family members),*®3* although a strongly positive family history
appears to be more predictive of risk than known common heritable
thrombophilia. However, a selective testing strategy has not been
validated, and clinicians ordering thrombophilia testing need to
have a clear idea about how to deal with the results.

Competing interests

None relevant to this article declared (ICMJE disclosure forms completed).

Author details

Wai Khoon Ho, MMedSc, FRACP, FRCPA, Haematologist1

Graeme J Hankey, MD, FRCP, FRACP, N(—:‘urologist2

John W Eikelboom, MSc, FRACP, FRCPA, Haematologist3

1 Department of Haematology, Austin Health, Melbourne, VIC.

2 Stroke Unit, Department of Neurology, Royal Perth Hospital, Perth, WA.

MJA o Volume 195 Number 3 e 1 August 2011 141



FOR DEBATE

3 Department of Medicine, McMaster University, and Hamilton General
Hospital, Hamilton, Ontario, Canada.
Correspondence: wai.ho@austin.org.au

References

1 Ho WK, Hankey GJ, Lee CH, Eikelboom JW. Venous thromboembolism:
diagnosis and management of deep venous thrombosis. Med J Aust
2005; 182: 476-481.

2 Martinelli I. Pros and cons of thrombophilia testing: pros. J Thromb
Haemost 2003; 1: 410-411.

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

4 Roldan V, Lecumberri R, Sanchez Mufnoz-Torrero JF, et al; RIETE Investi-
gators. Thrombophilia testing in patients with venous thromboembolism.
Findings from the RIETE registry. Thromb Res 2009; 124: 174-177.

5 Prandoni P, Tormene D, Spiezia L, et al. Duration of anticoagulation and
risk of recurrent thromboembolism in carriers of factor V Leiden or
prothrombin mutation. J Thromb Haemost 2008; é: 2223-2224.

6 Bennett JA, Palmer LJ, Musk AW, Erber WN. Prevalence of factor V
Leiden and prothrombin 20210A mutations in Indigenous Australians.
Thromb Haemost 2001; 86: 1592-1593.

7 Favaloro EJ, Bonar R, Sioufi J, et al; RCPA QAP in Haematology.
Multilaboratory testing of thrombophilia: current and past practice in
Australasia as assessed through the Royal College of Pathologists of
Australasia Quality Assurance Program for Haematology. Semin Thromb
Hemost 2005; 31: 49-58.

8 Brouwer JLP, Veeger NJGM, van der Schaaf W, et al. Difference in
absolute risk of venous and arterial thrombosis between familial protein S
deficiency type | and type Ill. Results from a family cohort study to assess
the clinical impact of a laboratory test-based classification. BrJ Haematol
2005; 128: 703-710.

9 van der Meer FJM, Koster T, Vandenbroucke JP, et al. The Leiden
Thrombophilia Study (LETS). Thromb Haemost 1997; 78: 631-635.

10 Favaloro EJ, Mohammed S, Pati N, et al. A clinical audit of congenital
thrombophilia investigation in tertiary practice. Pathology 2011; 43: 266-272.

11 Hertzberg M, Neville S, Favaloro E, McDonald D. External quality
assurance of DNA testing for thrombophilia mutations. Am J Clin Pathol
2005; 123: 189-193.

12 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.

13 De Stefano V, Simioni P, Rossi E, et al. The risk of recurrent venous
thromboembolism in patients with inherited deficiency of natural antico-
agulants antithrombin, protein C and protein S. Haematologica 2006; 91:
695-698.

14 Christiansen SC, Cannegieter SC, Koster T, et al. Thrombophilia, clinical
factors, and recurrent venous thrombotic events. JAMA 2005; 293: 2352-
2361.

15 De Stefano V, Martinelli |, Mannucci PM, et al. The risk of recurrent deep
venous thrombosis among heterozygous carriers of both factor V Leiden
and the G20210A prothrombin mutation. N Engl J Med 1999; 341: 801-806.

16 Lijffering WM, Middeldorp S, Veeger NJGM, et al. Risk of recurrent
venous thrombosis in homozygous carriers and double heterozygous
carriers of factor V Leiden and prothrombin G20210A. Circulation 2010;
121:1706-1712.

17 Cohn D, Vansenne F, de Borgie C, Middeldorp S. Thrombophilia testing
for prevention of recurrent venous thromboembolism. Cochrane Data-
base Syst Rev 2009; (1) CD007069. doi: 10.1002/14651858.

18 Coppens M, Reijnders JH, Middeldorp S, et al. Testing for inherited
thrombophilia does not reduce the recurrence of venous thrombosis.
J Thromb Haemost 2008; é: 1474-1477.

19 Santamaria MG, Agnelli G, Taliani MR, et al; Warfarin Optimal Duration
Italian Trial (WODIT) Investigators. Thrombophilic abnormalities and
recurrence of venous thromboembolism in patients treated with stand-
ardized anticoagulant treatment. Thromb Res 2005; 116: 301-306.

20 Schulman S, Lindmarker P. Thrombophilic polymorphism — a short-term
or long-term risk for recurrence? J Thromb Haemost 2008; é: 2225-2226.

21 Coppens M, van Mourik JA, Eckman CM, et al. Current practice of testing
for inherited thrombophilia. J Thromb Haemost 2007; 5: 1979-1981.

22 Bates SM, Greer IA, Pabinger |, et al. Venous thromboembolism, throm-
bophilia, antithrombotic therapy, and pregnancy: American College of
Chest Physicians Evidence-Based Clinical Practice Guidelines (8th Edi-
tion). Chest 2008; 133 (6 Suppl): 8445-886S.

23 Rodgers GM. Role of antithrombin concentrate in treatment of heredi-
tary antithrombin deficiency. An update. Thromb Haemost 2009; 101:
806-812.

24 Smith KJ, Monsef BS, Ragni MV. Should female relatives of factor V
Leiden carriers be screened prior to oral contraceptive use? A cost-
effectiveness analysis. Thromb Haemost 2008; 100: 447-452.

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

26 Nicolaides AN, Breddin HK, Carpentier P, et al; European Genetics
Foundation; Cardiovascular Disease Educational and Research Trust;
International Union of Angiology; Mediterranean League on Throm-
boembolism. Thrombophilia and venous thromboembolism. Interna-
tional consensus statement. Guidelines according to scientific evidence.
Int Angiol 2005; 24: 1-26.

27 Schulman S, Tengborn L. Treatment of venous thromboembolism in
patients with congenital deficiency of antithrombin Ill. Thromb Haemost
1992; 68: 634-636.

28 Pernod G, Biron-Andreani C, Morange PE, et al; French group on
haemostasis and thrombosis; French Society of Vascular Medicine. Rec-
ommendations on testing for thrombophilia in venous thromboembolic
disease: a French consensus guideline. J Mal Vasc 2009; 34: 156-203.

29 Australian Government. Medicare Australia Statistics. Medicare item
reports. https://www.medicareaustralia.gov.au/statistics/mbs_item.shtml
(accessed Aug 2010).

30 Siragusa S, Caramazza D, Malato A. How should we determine length of
anticoagulation after proximal deep vein thrombosis of the lower limbs?
Br J Haematol 2009; 144: 832-837.

31 Middeldorp S, van Hylckama Vlieg A. Does thrombophilia testing help in
the clinical management of patients? Br J Haematol 2008; 143: 321-335.

32 Kearon C, Kahn SR, Agnelli G, et al. Antithrombotic therapy for venous
thromboembolic disease: American College of Chest Physicians Evi-
dence-Based Clinical Practice Guidelines (8th Edition). Chest 2008; 133 (6
Suppl): 454S-545S.

33 Schulman S, Granquist S, Holmstrom M, et al. The duration of oral
anticoagulant therapy after a second episode of venous thromboembo-
lism. The Duration of Anticoagulation Trial Study Group. N Engl J Med
1997; 336: 393-398.

34 Van Cott EM, Laposata M, Prins MH. Laboratory evaluation of hypercoag-
ulability with venous or arterial thrombosis. Arch Pathol Lab Med 2002;
126: 1281-1295.

Provenance: Not commissioned; externally peer reviewed.

(Received 17 Nov 2010, accepted 27 May 2011) o

142 MJA o Volume 195 Number 3 o 1 August 2011



	How prevalent is heritable thrombophilia?
	Is the test for heritable thrombophilia standardised?
	Are there population norms to guide interpretation of test results?
	Is the test result valid?
	Does testing provide clinically significant prognostic value?
	Have clinical risk factors been evaluated and appropriately modified?
	Will test results alter clinical management and does intervention (eg, prolonged anticoagulation) provide clinical benefit?
	Does the overall benefit of testing outweigh the adverse consequences and costs?
	Are there alternative tests to guide clinical decision making?
	Conclusion
	Competing interests
	Author details
	References



