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Thrombophilia testing: what do we think the tests
mean and what should we do with the results?

Trevor Baglin

Inherited thrombophilia is a genetically deter-
mined tendency to thrombosis.1 In 1965 the
first family with antithrombin deficiency was
described, and for many years this was the only
identifiable cause of thrombophilia.2 More
recently, pedigree and case–control studies
have confirmed that the risk of venous throm-
bosis is increased by deficiencies of anti-
thrombin, protein C, and protein S, and by
resistance to activated protein C.3–5 Other can-
didate genetic factors are included in table 1.

The value of obtaining laboratory evidence of
thrombophilia is the ability to predict the likeli-
hood of recurrence in symptomatic patients and
the risk of thrombosis in their relatives. Thus
thrombophilia testing would be used to optimise
the benefit/risk ratio of anticoagulant treatment.
Therapeutic recommendations would have to be
based on a risk–benefit analysis that considers
the risk of the disease, the eVectiveness of treat-
ment, the risk of treatment, and the predictive
value of the laboratory tests used to establish the
diagnosis of thrombophilia. Venous thrombo-
embolism is a common disease with a significant
risk. The risk of death from recurrence in the
first three months after a pulmonary embolus is
1–2%.6 The risk of recurrence of deep vein
thrombosis is 17.5% after two years and 24.6%
after five years.7 Treatment with oral anticoagu-
lation is extremely eVective as long as the inter-
national normalised ratio (INR) is maintained
above 2.0.8 9 However, this treatment is poten-
tially dangerous—in any one year there is a 1%
chance of a major haemorrhage, and one quarter
of these are fatal.10 Therefore the disease carries
a high risk, and treatment, while eVective, is also
associated with significant danger. The ability to
distinguish patients at high and low risk of
thrombosis would help to optimise therapeutic
decisions. The identification of laboratory evi-

dence of thrombophilia would seem a rational
way to achieve this. Evidence based guidelines
are currently limited to grade C recommenda-
tions.9 11 12 However, level I evidence is becoming
available which will form the basis of grade A
recommendations.13 14

How might thrombophilia testing be used to
help decide when and how to treat patients?
Before beginning to answer this question, con-
sideration must be given to the accuracy of the
laboratory tests used to “diagnose” throm-
bophilia. Potential diagnostic inaccuracy was
clearly illustrated by the Leiden group in 1993,
when they published a report of a series of pro-
tein C deficient symptomatic families.15 There
was a significant overlap of protein C levels in
aVected and unaVected members of families
with mutations aVecting the protein C gene.
Distribution curves of protein C activity
indicated that unaVected family members
could have levels as low as 40% while aVected
members could have levels as high as 100% of
normal. It is also clear that some laboratory
methods produce discordance between pheno-
type and genotype.16 17 Therefore phenotypic
testing will not identify or exclude a throm-
bophilic genetic defect with complete accuracy.
While genetic testing for the factor V Leiden or
F2G20210A18 mutations is relatively simple,
the risk of venous thrombosis associated with
these defects is only modest. The highest rela-
tive risk is associated with mutations aVecting
the functional plasma levels of the natural anti-
coagulants antithrombin, protein C, and pro-
tein S. In these cases the extent of possible
mutations excludes routine genetic testing.1

Therefore the finding of a low level of a natural
anticoagulant on a single occasion is not diag-
nostic of primary deficiency of a natural

Table 1 Examples of genetic mutations associated with inherited thrombophilia

Established Probable Possible

Antithrombin (1%) Mutations causing raised factor VIII (25%) Other mutations causing APC resistance
Protein C (3%) Mutations causing raised fibrinogen levels
Protein S (3%) Mutations causing reduced thrombomodulin activity
Factor V Leiden (20%) Mutations causing reduced TFPI activity
F2G20210A (6%) Deletion/insertion polymorphism of the ACE gene
Mutations causing high plasma

homocysteine (unknown)
Mutations causing

dysfibrinogenaemia (very rare)

Approximate prevalence in unselected patients with deep vein thrombosis is shown in brackets where this is known.
ACE, angiotensin converting enzyme; TFPI, tissue factor pathway inhibitor.
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anticoagulant. Conversely, a single normal
result does not exclude a mutation aVecting the
antithrombin, protein C, or protein S genes.
There are currently no guidelines on the
number of times that phenotypic measure-
ments should be repeated or the extent of fam-
ily testing required to establish or exclude
inherited antithrombin, protein C, or protein S
deficiency.

There is currently no evidence that a labora-
tory abnormality should influence the intensity
of heparin or warfarin treatment. In a review of
70 thrombotic events in 57 individuals with
antithrombin deficiency, heparin resistance
was infrequent and recurrence or extension of
thrombosis while on treatment was no greater
than that observed in individuals without anti-
thrombin deficiency.19 Warfarin-induced skin
necrosis is extremely rare, even in patients with
protein C or S deficiency. Most individuals
with protein C or S deficiency do not develop
skin necrosis, and there is no indication that the
first few days of oral anticoagulant treatment
should be diVerent. The intensity of mainte-
nance therapy with warfarin should not be
influenced by laboratory evidence of inherited
thrombophilia. There is no evidence as yet that
recurrence on treatment is more likely in
patients with laboratory evidence of throm-
bophilia. A target INR of 2.5 is suYcient for
patients with the FV Leiden mutation in the
heterozygous or homozygous state, even in
combination with deficiency of a natural
anticoagulant.20 Further studies are required to
determine if deficiency of antithrombin, pro-
tein C, or protein S should be an indication for
a higher target INR, although this seems
unlikely from case reports and descriptive fam-
ily studies.

Recurrence of venous thromboembolism
after stopping oral anticoagulant treatment has
not been shown to be predictable by throm-
bophilia testing. While there are many family
studies and small series indicating a high
frequency of recurrence in patients with
thrombophilia, a direct comparison with pa-
tients and families without laboratory evidence
of thrombophilia is required. This comparison
has been made for symptomatic patients who
are heterozygous for the factor V Leiden muta-
tion. Two initial studies indicated a higher risk
of recurrence after stopping oral anticoagulant
treatment in patients with the factor V Leiden
mutation.21 22 However, the risk did not appear
suYcient to justify lifelong anticoagulant treat-
ment in all patients.20 23 24 In two recent
prospective studies, factor V Leiden and
F2G20210A mutation detection did not pre-
dict a greater risk of recurrence after stopping
oral anticoagulant treatment.13 14 The relative
risk of recurrence after stopping oral antico-
agulant treatment in patients with anti-
thrombin, protein C, or protein S deficiency
has not been determined. At present it is
uncertain whether symptomatic patients
should receive long term anticoagulation.11 12

Until evidence is available the duration of
treatment should generally be the same for
patients with and without laboratory evidence
of thrombophilia.

In thrombosis-prone families, identifying
asymptomatic individuals with the same labo-
ratory abnormality as symptomatic members
may help to reduce the likelihood of thrombo-
sis, as high risk episodes can be avoided or
prophylaxis given during risk periods. The risk
of contraceptive pill related thrombosis in
aVected family members of thrombosis-prone
families with thrombophilia has now been
shown to be significantly increased.5 Similarly,
the risk of thrombosis in association with
surgery, trauma, or immobility is significantly
increased. It is unlikely that studies will
randomise aVected family members to prophy-
laxis or not during high risk periods. Therefore,
a historical comparison is the most likely type
of study that will be performed. Given this, it
would seem sensible at present to recommend
that aVected females from thrombosis-prone
families should generally avoid the combined
oral contraceptive pill. In addition aVected
family members should probably receive anti-
thrombotic prophylaxis for surgical procedures
at an earlier age, for example from the age of 15
years rather than after 40 years of age. A com-
bination of graded pressure stockings and a low
molecular weight heparin is now a reasonable
recommendation. The risk of bleeding with a
low molecular weight heparin is small and
there is a very low risk of heparin induced
thrombocytopenia and thrombosis (HITT).

In conclusion, thrombophilia testing does
not predict likelihood of heparin resistance,
heparin failure, or warfarin induced skin
necrosis. At present there is no conclusive evi-
dence that recurrence on treatment with
warfarin with a target INR of 2.5 is greater in
patients with thrombophilia than in those
without. There is no conclusive evidence that
patients with thrombophilia are more likely to
suVer an earlier recurrence once treatment is
stopped. There is no doubt that the relative risk
of thrombosis is increased in aVected family
members of thrombosis-prone families, but
this translates to a relatively low absolute risk
per year, and long term primary prophylaxis is
not warranted. Studies confirming a beneficial
outcome from thrombophilia testing and risk
related prophylaxis for members of
thrombosis-prone families are required. How-
ever, it is unlikely that a strategy based on cur-
rent thrombophilia testing will be completely
eVective. While venous thromboembolism is
associated with single gene defects in some
families, it is now apparent that the likelihood
of a thrombotic event is increased considerably
when the haemostatic balance is altered by
more than one mutation.25 26 The polygenic
basis of venous thrombosis and the influence of
environmental factors make it diYcult to
predict the likelihood of thrombosis. Further-
more, clinical outcome studies which estimate
the risk of one or more specified mutations may
be flawed owing to the contribution of
additional but unidentified genetic factors. It is
possible that most patients who suVer a throm-
botic event have an underlying hypercoagula-
ble state.27 As it is impossible at present to
identify the multiple individual factors aVect-
ing thrombosis risk, it might be more beneficial
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to use a “global” test to identify hypercoagula-
bility. Unfortunately, this is also impossible at
present.

Acquired thrombophilia states should be
mentioned. Of all the laboratory tests that are
commonly performed, those that detect anti-
phospholipid activity appear to have the great-
est potential for predicting clinical outcome.
For example, patients with antiphospholipid
activity may benefit from a higher intensity of
oral anticoagulant treatment. A target INR of
3.5 should be considered for these patients.28

Recurrence after stopping treatment is also
more likely in these patients, and treatment for
as long as activity is persistent should be
considered.13 28

In this short review I have attempted to indi-
cate some of the uncertainties of thrombophilia
testing when applied to symptomatic patients
with venous thromboembolism and their
asymptomatic relatives. Most recommenda-
tions are based on level II evidence, although
level I evidence is now appearing. So what do I
actually do in clinical practice? The first disease
category in which I perform thrombophilia
testing is venous thromboembolism. I screen
all unselected patients with an episode of
venous thromboembolism. I then treat with
standard therapy with a target INR of 2.5 using
the BCSH (British Committee for Standards in
Haematology) guidelines as a reference for
duration of treatment.9 On completion of the
initial treatment period I perform throm-
bophilia tests. These consist of functional
measurement of antithrombin and protein C,
using chromogenic assays, and an antigenic
measurement of protein S. Antiphospholipid
activity is detected by quantitation of anticardi-
olipin antibody by enzyme linked immuno-
sorbent assay (ELISA), and detection of lupus
anticoagulant activity with a dilute Russel’s
viper venom clot time and a silica clot time,
with phospholipid corrections. A standard
activated protein C (APC) sensitivity ratio is
measured and genotyping is performed for
detection of the factor V Leiden mutation and
the F2G20210A mutations. At the moment I
do not measure factor VIII or von Willebrand
protein levels, as accuracy is significantly
aVected by preanalytical variables. I restart
patients with antiphospholipid activity on war-
farin and continue for as long as there is
evidence of activity. I monitor activity while
patients are on warfarin with anticardiolipin
titres and by the ratio of factor V in one stage
prothrombin and activated partial thrombo-
plastin based assays.29 I also continue warfarin
treatment indefinitely in patients who are
homozygous for the factor V Leiden mutation
as there is a high risk of early recurrence in my
experience.

If a patient suVers a recurrence after
stopping treatment I treat for two years with a
target INR of 2.5, without interruption.13 If a
patient suVers a recurrence on treatment I treat
indefinitely with a target INR of 3.5.9

Testing for hereditary thrombophilia also
helps me to advise relatives and their doctors
when I am questioned about thrombosis risk.
For example if a thrombophilic defect is found

in an index patient I would test for this in other
family members, if a therapeutic decision could
be influenced by the result. One typical
scenario would be a female first degree relative
of the propositus who wishes to take the com-
bined oral contraceptive pill. I would test for
the specific defect previously confirmed in the
index patient, as thrombosis risk is greater in
aVected than in non-aVected family members.5

A second scenario might be a first degree rela-
tive who required surgery. If they had the spe-
cific defect that was present in the propositus, I
would recommend the combined use of a low
molecular weight heparin and graded pressure
stockings even if they were less than 40 years
old. Furthermore, I would recommend at least
10 days of heparin prophylaxis and encourage
the use of pressure stockings for at least 14 days
and then up to four weeks or until fully mobile.
As these are only grade C recommendations I
do not at present initiate a “comprehensive
family study” but simply test for the specific
familial defect if a clinical scenario develops. If
in the future evidence becomes available that
clinical decisions based on testing influence
clinical endpoints, there will then be a case for
oVering proactive testing of asymptomatic
family members. Finally, I would only accept at
least two abnormal phenotypic results as
indicative of a likely genetic defect. I consider
repeat testing mandatory. In selected families,
for example those with more than two
members who have died of venous throm-
boembolism, I would consider lifelong antico-
agulant treatment after a single event. I would
also consider treatment of young asymptomatic
members of such families if there is strong
concordance between the defect and throm-
botic events in older members.

The second disease category in which I per-
form thrombophilia testing is recurrent miscar-
riage and fetal loss. In this situation I would test
specifically for antiphospholipid activity, as
there is an evidence basis for treating aVected
women with heparin.30 I would not test for
hereditary thrombophilic defects as there is as
yet no evidence basis for treating women with
abnormalities.

There is no other disease category in which I
recommend thrombophilia testing. While de-
fective regulation of thrombin generation may
have biological relevance to other thrombotic
disorders, for example atherosclerosis and
arterial thrombosis, there is no evidence that
thrombophilia testing should influence clinical
management decisions in either selected or
unselected patients. “Thrombophilia screen-
ing” of the general population is not justified.

1 Lane D, Mannucci P, Bauer K, et al. Inherited throm-
bophilia. Part 1. Thromb Haemosts 1996;76:651–62.

2 Egeberg O. Inherited antithrombin III deficiency causing
thrombophilia. Thrombosis et Diathesis Haemorrhagica 1965;
13:516–30.

3 Pabinger I, Schneider B, for the GTH Study Group on
Natural Inhibitors. Thrombotic risk in hereditary anti-
thrombin III, protein C or protein S deficiency. Arterioscler
Thromb Vasc Biol 1996;16:742–8.

4 Martinelli I, Mannucci P, De Stefano V, et al. DiVerent risks
of thrombosis in four coagulation defects associated with
inherited thrombophilia: a study of 150 families. Blood
1998;92:2352–8.

5 Simioni P, Sanson B, Prandoni P, et al. Incidence of venous
thromboembolism in families with inherited throm-
bophilia. Thromb Haemost 1999;81:198–202.

Thrombophilia testing 169

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.53.3.167 on 1 M
arch 2000. D

ow
nloaded from

 

http://jcp.bmj.com/


6 Hirsh J, Bates S. Prognosis in acute pulmonary embolism.
Lancet 1999;353:1375–6.

7 Prandoni P, Lensing A, Cogo A, et al. The long-term clini-
cal course of acute deep vein thrombosis. Ann Intern Med
1996;125:1–7.

8 Palareti G, Manotti C, D’Angelo A, et al. Thrombotic events
during oral anticoagulant treatment: results of the
inception-cohort, prospective, collaborative ISCOAT
study. Thromb Haemost 1997;78:1438–43.

9 British Committee for Standards in Haematology. Guide-
lines on oral anticoagulation: third edition. Br J Haematol
1998;101:374–87.

10 Palareti G, Leali N, Coccheri S, et al. Bleeding complica-
tions of oral anticoagulant treatment: an inception-cohort,
prospective collaborative study (ISCOAT). Lancet 1996;
348:423–8.

11 De Stefano V, Finazzi G, Mannucci P. Inherited
thrombophilia: pathogenesis, clinical syndromes and man-
agement. Blood 1996;87:3531–44.

12 Lane D, Mannucci P, Bauer K, et al. Inherited throm-
bophilia. Part 2. Thromb Haemost 1996;76:824–34.

13 Kearon C, Gent M, Hirsh J, et al. A comparison of three
months of anticoagulation with extended anticoagulation
for a first episode of idiopathic venous thromboembolism.
N Engl J Med 1999;340:901–7.

14 Lindmarker P, Schulman S, Sten-Linder M, et al. The risk
of recurrent venous thromboembolism in carriers and non-
carriers of the G1691A allele in the coagulation factor V
gene and the G20210A allele in the prothrombin gene.
Thromb Haemost 1999;81:684–9.

15 Alaart C, Poort S, Rosendaal F, et al. Increased risk of
venous thrombosis in carriers of hereditary protein C defi-
ciency defect. Lancet 1993;341:134–8.

16 Marlar R, Mastovich S. Hereditary protein C deficiency: a
review of the genetics, clinical presentation, diagnosis and
treatment. Blood Coagul Fibrinolysis 1990;1:319–30.

17 Perry D. Antithrombin and its inherited deficiencies. Blood
Rev 1994;8:37–55.

18 Poort S, Rosendaal F, Reitsma P, et al. A common genetic
variation in the 3'-untranslated region of the prothrombin
gene is associated with elevated prothrombin levels and an
increase in venous thrombosis. Blood 1996;88:3698–3.

19 Schulman S, Tengborn L. Treatment of venous throm-
boembolism in patients with congenital deficiency of anti-
thrombin III. Thromb Haemost 1992;68:634–6.

20 Baglin C, Brown K, Luddington R, et al. Risk of recurrent
venous thromboembolism in patients with the factor V
Leiden (FVR506Q) mutation: eVect of warfarin and
prediction by precipitating factors. Br J Haematol 1998;
100:764–8.

21 Simioni P, Prandoni P, Lensing A, et al. The risk of recurrent
venous thromboembolism in patients with an Arg506 to
Gln mutation in the gene for factor V (factor V Leiden). N
Engl J Med 1997;336:399–403.

22 Ridker P, Miletich J, Stampfer M, et al. Factor V Leiden and
risks of recurrent idiopathic venous thromboembolism.
Circulation 1995;92:2800–2.

23 Rintelen C, Pabinger I, Knobl P, et al. Probability of recur-
rence of thrombosis in patients with and without factor V
Leiden. Thromb Haemost 1996;75:229–32.

24 Eichinger S, Pabinger I, Stumpflen A, et al. The risk of
recurrent venous thromboembolism in patients with and
without factor V Leiden. Thromb Haemost 1997;77:624–8.

25 van Boven H, Reitsma P, Rosendaal F, et al. Factor V Leiden
(FV R506Q) in families with inherited antithrombin
deficiency. Thromb Haemost 1996;75:417–21.

26 Zoller B, Berntsdotter A, Garcia de Frutos P, et al.
Resistance to activated protein C as an additional genetic
risk factor in hereditary deficiency of protein S. Blood
1995;85:3518–23.

27 Schafer A. Venous thrombosis as a chronic disease. N Engl J
Med 1999;340:955–6.

28 Khamashta M, Cuadrado M, Mujic F, et al. The
management of thrombosis in the antiphospholipid syn-
drome. N Engl J Med 1995;332:993–7.

29 Luddington R, Scales C, Baglin T. Lupus anticoagulant
testing with optical end point automation. Thromb Res
1999,96:197-204.

30 Rai R, Cohen H, Dave M, et al. Randomised controlled trial
of aspirin and aspirin plus heparin in pregnant women with
recurrent miscarriage associated with phospholipid anti-
bodies (or antiphospholipid antibodies). BMJ 1997;314:
253–6.

WHAT’S YOUR VIEW?

Pathology Interactive: useful or useless?

To make Pathology Interactive more useful tool to help you in your CPD

. . . we need your views

Please take time to complete a self completion questionnaire and fax it back to us

Questionnaire available for printing out on:
Pathology Interactive CD Vol 1 issue3 (Dec 1999)
Pathology Interactive CD Vol 2 2000
Journal of Clinical Pathology website - www.jclinpath.com

Fax completed forms to Natalie Davies, Editorial Assistant, Journal of Clinical
Pathology (+44 (0)20 7383 6668).

Your time and help are appreciated. We especially thank all those ACP members who
returned questionnaires circulated in the September 1999 journal issue for their valuable
feedback.

Pathology Interactive 2000 oVers up to three CPD credits per article; later issues
feature case study and picture quiz formats

170 Baglin

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.53.3.167 on 1 M
arch 2000. D

ow
nloaded from

 

http://jcp.bmj.com/

