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Background and Objectives. The aims of this study
were to compare the lifetime probability of devel-
oping thrombosis in 722 relatives of 132 throm-
bophilic families of symptomatic probands with rec-
ognized thrombophilic defects and to determine the
prevalence of the factor V Leiden (FVL) mutation
and the 20210A allele of the prothrombin gene
(PT20210A) in these families.

Design and Methods. The study included 722 mem-
bers belonging to 132 unrelated families. The
propositi were patients who had been referred to
our Thrombosis Unit. The families were selected
through a symptomatic proband. Once a patient
with a deficiency or mutation was identified, family
members were screened for the same defect.

Results. The prevalence of FVL and PT20210A in
families with other thrombophilic defects was high-
er than expected. Compared with non-deficient indi-
viduals, the risk of venous thrombosis was increased
in subjects with antithrombin (AT), protein S (PS)
and protein C (PC) deficiencies, and in carriers of
FVL and PT20210A mutations. The risk of thrombo-
sis was significantly increased for individuals with
combined genetic defects (PC-FVL, PS-FVL, PS-
PT20210A and FVL-PT20210A). The ages at the
time of 50% thrombosis-free survival were as fol-
lows: 34 years for AT deficiency, (19 years with FVL,
21 years with PT20210A), 62 years for PC defi-
ciency (33 years with FVL, 44 years with
PT20210A), 37 years for PS deficiency (24 years
with FVL, 36 years with PT20210A), 50 years for
the FVL mutation (52 years with PT20210A), and 65
years for the PT20210A mutation. As for clinical
characteristics, no differences were observed except
for the higher frequency of oral contraceptive-relat-

Venous thrombosis is the most common car-
diovascular disorder after ischemic heart dis-
ease and stroke.1 It is caused by both envi-

ronmental and genetic factors. The high preva-
lence of thrombosis and its environmental influ-
ences (e.g. oral contraceptive use) suggest that
multiple genes with varying effects are involved in
determining susceptibility to this complex disease.
There are a number of well-characterized genetic
defects that lead to increased thrombotic risk.2 Of
these, the factor V Leiden (FVL) mutation in the
coagulation factor V gene, and the G20210A
mutation in the prothrombin gene (PT20210A) are
the most prevalent genetic risk factors that pre-
dispose individuals to a substantially increased risk
of venous3,4 and arterial5 thromboses. Double-het-
erozygosity for these mutations is the most com-
mon combined condition associated with throm-
bophilia. Moreover, these mutations are often
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ed thrombosis in women who were carriers of
PT20210A or FVL.

Interpretation and Conclusions. Based on these
results, screening for FVL and PT20210A mutation
is recommended in patients with other throm-
bophilic defects. To the best of our knowledge, this
is the first family study, including the PT20210A
mutation, that compares genetic risk factors for
thrombosis and the lifelong probability of develop-
ing thrombosis.
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associated with other genetic defects that predis-
pose to thrombotic disease, such as protein C (PC)
and protein S (PS) deficiencies.6,7 These combined
defects confer a higher risk of thrombosis than
either defect alone. Consequently, it has been pos-
tulated that more than one genetic risk factor may
co-segregate to cause a cumulative or synergistic
effect on thrombotic risk.8

To investigate such a complex disorder, two
strategies have been used: clinical case-control
studies and genetic epidemiologic studies. The lat-
ter strategy has considerable utility since the eval-
uation of large families is a most robust applica-
tion.9 In fact, the role of all known prothrombotic
risk factors in the clinical course of thrombophilia
has been compared in a number of family studies
and has been discussed in several reports.10 How-
ever, only one such report considered FVL muta-
tion11 and none considered the role of the PT20210
mutation. Because knowledge of any difference in
the thrombotic risk might have implications for
patient management strategies, and because the
PT20210A mutation is the most prevalent genetic
risk factor for thrombosis in the Spanish popula-
tion,12 we performed a retrospective family study of
722 affected and unaffected members from 132
Spanish families with inherited deficiency of AT,
PC, PS, or with FVL and PT20120 mutations.

Design and Methods
The study included 722 members belonging to

132 unrelated families. The propositi were patients
who had been referred to our Thrombosis Unit. The
families were selected through a symptomatic
proband. Once a patient with a deficiency or muta-
tion was identified, family members were screened
for the same defect. In the case of PS deficient
families in which both type I and type III deficien-
cies were present, the family was classified accord-
ing to the predominant phenotype. Eleven families
with AT deficiency (10 type I and 1 with type II
deficiency with decreased affinity of antithrombin
for heparin and loss of activity, pleitropic effect), 34
with PC deficiency, 40 with PS deficiency (13 type
I and 27 type III), 32 with the FVL mutation and 15
with the PT20210A mutation were included in the
analysis (Table 1). In 4 out of 13 type I PS deficient
families, there were members with type III PS defi-
ciency. In these four families, 48 individuals were
screened (22 had type I, 6 had type III and the oth-
er 20 were normal). As for type III, 4 out of 27 fam-
ilies had members who exhibited the type I phe-
notype. In these four families, 30 individuals were
analyzed (7 had type III, 4 type I and 19 did not
have a protein deficiency).

A medical history was taken with special empha-
sis on the localization of thrombosis and on the
presence of acquired predisposing factors. The
diagnosis of deep venous thrombosis of the lower
limbs was objectively established by ultrasonogra-
phy or ascending venography. Pulmonary embolism
was diagnosed by ventilation-perfusion lung scan-
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Table 1. Prevalence of FVL and PT20210A mutations in families with other thrombophilic defects. Thrombosis and asympto-
matic individuals classified by type of deficiency and thrombosis risk of each deficiency (expressed as adjusted odds ratio and
95% CI).

Thrombosis

Deficiencies no. of families (no. of individuals) odds ratio (95% CI)#

(% of overall) Yes No

No defect — — 8 279 1 (ref.)

Antithrombin (n=11) alone 8 (72.7) 12 2 10.6 (4.1-27.5)
+FVL 2 (18.2) 2 0 20.4 (4.1-101.2)
+PT20210A 1 (9.1) 2 3 13.1 (2.8-62.4)

Protein C alone (n=34) alone 22 (64.7) 29 54 6.4 (2.8-14.7)
+FVL 5 (14.7) 7 1 8.4 (2.9-24.7)
+PT20210A 7 (20.6) 7 8 5.3 (1.9-15.1)

Protein S alone (n=40) alone 31 (77.5) 49 50 7.6 (3.4-17.0)
+FVL 4 (10.0) 4 4 9.4 (2.7-32.3)
+PT20210A 5 (12.5) 6 5 12.7 (4.2-38.1)

FV Leiden alone (n=32) alone 26 (81.2) 32 51 6.2 (2.8-14.1)
+ PT20210A 6 (18.8) 10 8 7.8 (3.0-20.5)

PT20210A (n=15) 15 20 69 4.2 (1.8-9.8)

FVL: factor V Leiden mutation; PT20210A: 20210A mutation of the prothrombin gene. #Adjusted for age, sex and type of individual (propositus or relative).



ning or pulmonary angiography. Thrombosis at oth-
er unusual sites was diagnosed by computed tomo-
graphy, magnetic resonance imaging, ophthalmo-
scopic examination or as a surgical finding depend-
ing on the type of thrombosis and on its localiza-
tion. The patients were asked whether they had
suffered from previous episodes of venous throm-
boembolism. If the answer was affirmative, the age
at the time of the first episode, the localization of
the thrombosis and the recognized predisposing
factors were recorded. The episode was considered
spontaneous in the absence of triggering risk fac-
tors. Information about thrombosis was obtained
from some family members using a questionnaire
similar to that used by Frezzato et al.13 As for non-
objectively confirmed thrombotic events, we con-
sidered thrombosis as beyond doubt only when
anticoagulant treatment had been given or signs of
a post-phlebitic syndrome had been detected. This
approach should have minimized the bias. Families
with associated FVL and PT20210A were consid-
ered in the analyses as having FVL plus PT20210A. 

Laboratory methods
Blood collection. Blood was collected 3 to 6

months after the most recent thrombotic event in
the patients with thrombosis. Oral anticoagulants
were withdrawn and the samples were taken after
a washout period of at least 20 days. Blood sam-
ples were collected from the antecubital vein and
immediately anticoagulated with 1/10 volume of
0.129-M sodium citrate. Platelet-poor plasma was
obtained by centrifugation at 2,000 g for 20 min
and was frozen and stored at -40°C until analysis. 

Laboratory determinations. The following phe-
notypes were measured as previously described:14

functional antithrombin; functional protein C;
functional, free and total protein S. To reduce mea-
surement error all assays were performed in dupli-
cate, and the average value was calculated for each
person. Antigenic measurements of antithrombin
and protein C were performed only if the functional
assays were below the normal range. Intra-assay
and inter-assay coefficients of variation were gen-
erally estimated between 2% and 6%. 

Genetic analysis. Genomic DNA was isolated from
peripheral blood leukocytes according to standard
protocols.15 The FVL and the PT20210A mutations
were screened using the primers described previ-
ously,3,4 with minor modification in the reaction
conditions.16

Statistical analysis. A logistic regression method
was used to calculate the odds ratios (OR) associ-
ated with venous thromboembolism. Adjustments

for sex and age at the time of the first thrombotic
event were made. p values <0.05 were considered
to be statistically significant. In the analysis of
thrombosis related to contraceptive use or preg-
nancy, only women of childbearing age were con-
sidered. This included all women who, indepen-
dently of their age at the moment of interview in
this study, had experienced their first venous
thromboembolism during childbearing age. A
Kaplan-Meier analysis was used to estimate the
thrombosis-free survival (in years) of the different
groups. The reference group was composed of the
non-deficient relatives. Differences between fac-
tors were analyzed by the log-rank test. The Cox
regression method was employed to determine the
OR of thrombotic risk with respect to non-defi-
cient individuals, adjusted for sex and type of indi-
vidual (propositus or relative). The adjustment for
type of individual obviated the need to calculate
the risks after exclusion of the probands.

We compared the incidence rates of first venous
thrombotic events in relatives with (carriers) and
without the same deficiency (non-carriers) between
different groups of families. We calculated these
incidence rates by counting patient-years of obser-
vation (follow-up time) and dividing the number of
events in each group by the total number of
patient-years of all the individuals in the group.
Follow-up for symptomatic individuals started at
birth and ended at the time of the first venous
thrombosis. Follow-up for asymptomatic individu-
als started at birth and ended at the time of the
interview. 

Results

Laboratory screening of families
One hundred and thirty-two unrelated families

with thrombophilic defects were studied. The FVL
mutation was found in propositi with other defi-
ciencies: 2 with AT deficiency (18.2%), 5 with PC
deficiency (14.7%) and 4 with PS deficiency
(10.0%, 3 type III and 1 type I). The FVL mutation
was present in other family members also, but we
found relatives with the FVL mutation in families
whose probands did not have it. All of the patients
in whom the FVL mutation was detected were het-
erozygous. The PT20210A allele was detected in
one family with AT deficiency (9.1%), in 7 with PC
deficiency (20.6%) in 5 with PS deficiency (12.5%)
and in 6 with the FVL mutation (18.8%). Relatives
carrying the PT20210A mutation, but without this
defect in the proband, were observed in 19 indi-
viduals, two of whom were homozygous. One was
a proband who was also heterozygous for the FVL
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mutation, and who had suffered from thrombosis
at the age of 26 after starting to take contracep-
tive pills. The other homozygous individual was also
a woman without associated defects who belonged
to a family with the FVL mutation. She is current-
ly asymptomatic for venous thromboembolism.
Cases with three defects were not found.

When we compared the proportion of probands in
whom the FVL was associated with some other
defect with the prevalence of the FVL mutation in
our general population (6/201, 2.9% 95% CI: 1.1-
6.4; data not reported), we observed a higher than
expected proportion in patients with both defects.
This tended to be significant in the case of PC defi-
ciency plus FVL mutation (difference with the gen-
eral population: 11.7, 95% CI: -0.4-23.9). The same
was true for the association of the PT20210A muta-
tion and the prevalence of this mutation in the gen-
eral population (13/201, 6.5% 95% CI: 3.5-10.8). In
the case of PC deficiency plus PT20210A mutation
there was a tendency towards the difference in fre-
quency being significant (difference: 14.1, 95% CI:
0.1-28.1). When both mutations were considered
together, the prevalences of deficiencies associated
with some of them were higher than expected and
were significant in the PC and PS deficiencies and
almost significant in AT deficiency.

Clinical parameters
The number of thrombotic and asymptomatic

individuals with different types of deficiencies is
shown in Table 2. The clinical characteristics of the
thrombotic patients are also listed in Table 2. The
most interesting clinical finding was that women
with the PT20210A or the FVL mutation tended to
have oral contraceptive-related thrombosis (OCRT).
Six out of 11 women with the FVL mutation had
OCRT. Moreover, 3 out of 3 with both mutations
had OCRT. When women with only one defect and
women in whom the PT20210A mutation was asso-
ciated were considered separately, OCRT was more
frequent in the latter group (difference 30.9%,
95% CI 1.2-60.5). The percentages of recurrent
thrombosis are shown in Table 2. Despite the lack
of differences, there was a tendency towards a
higher proportion of multiple thromboses in
patients in whom PC deficiency was associated
with the FVL or the PT20210A mutation compared
with in patients with isolated PC deficiency. Simi-
lar results can be seen in the FVL mutation group
and the FVL plus PT20210A mutation group. The
lowest frequency of recurrent thromboembolism
was in isolated carriers of PT20210A (35%).

The incidence rates of first venous thrombosis,
studied in each group of families with different
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Table 2. Clinical characteristics of thrombotic individuals.

FVL FVL+ AT AT+FVLAT+ PT20210A PC PC+FVL PC+ PT20210A PS PS+FVL PS+ PT20210A
PT20210A PT20210A

Sex   
male 17 3 5 0 0 11 1 4 24 0 1 10
female 15 7 7 2 2 18 6 3 25 4 5 10

Age at first VT 39.4±12.8 41.4±19.0 33.0±17.1 25.0±8.5 23.0 34.9±18.6 33.4±16.0 36.3±13.4 39.0±16.2 28.5±14.7 29.2±8.7 42.4±15.9
Multiple VT 17(53.1) 6 (60.0) 6 (50.0) 1 (50.0) 1 (50.0) 14 (48.3) 5 (71.4) 4 (57.1) 24 (49.0) 2 (50.0) 3 (50.0) 7 (35)
Spontaneous n (%) 11 (34.4) 7(70.0) 7 (58.3) 1 (50.0) 1 (50.0) 21 (72.4) 4 (57.1) 4 (57.1) 28 (57.1) 1 (25.0) 3 (50.0) 9 (45.0)
Secondary n (%) 20(65.6) 3 (30.0) 5 (41.7) 1 (50.0) 1 (50.0) 8 (27.6) 3 (42.9) 3 (42.9) 21 (42.9) 3 (75.0) 3 (50.0) 11(55.0)

Surgery 7 1 4 1 3 7 1 3
Immobilization 3 2 1 1 6 2 2
Pregnancy (§) 4 (11) 0 (3) 3(5) 1 (2) 1 (2) 3 (14) 1 (5) 1 (3) 7 (18) 0 (3) 0 (5) 3(8)
Oral contraceptives (§) 6 (11) 3 (3) 1 (5) 0 (2) 0 (1) 1 (14) 2 (5) 0 (3) 2 (18) 1 (3) 2 (5) 2(8)
Varicose veins 3 1 1 4 1
Malignancies 1 2 1

Localization
DVT 24 7 8 2 2 24 6 5 34 2 5 14
DVT + PE 2 2 3 1 5 3 7 2 2 4
PE 3 1 1 2 8 4
ST 4 2 1 1 1 5 1 1 2
MT 2 2
IVT 1 1
RVT 1
ART 1 1 2 1

FVL: factor V Leiden mutation; PT20210A: 20210A variant of the prothrombin gene; AT: antithrombin deficiency; PC: protein C deficiency; PS: protein S deficiency; DVT: deep
vein thrombosis; PE: pulmonary embolism; ST: superficial thrombophlebitis; MT: mesenteric thrombosis; IVT: intracranial vein thrombosis; RVT: retinal vein thrombosis; ART:
arterial thrombosis. § Only women of fertile age were considered (number in brackets).
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defects and after exclusion of cases with other
defects, were as follows: in antithrombin deficien-
cy 2.01% per year (p/y) in all cases versus 2.94%
p/y without probands (anyone in non-deficiency);
in PC deficiency 1.15% p/y versus 0.36% p/y with-
out probands (anyone in non-deficiency); in PS
deficiency 1.67% p/y (versus 0.08% p/y in non-
deficiency) and when probands were excluded
1.04% p/y (versus 0.08% p/y in non-deficiency); in
FVL carriers 1.17% p/y (versus 0.12% p/y in non-
carriers) in all cases and when probands were
excluded 0.31% p/y (versus 0.12% p/y in non-car-
riers); in PT20210A carriers 0.8 (versus 0.17% p/y
in non-carriers) and 0.23% p/y without probands
(versus 0.17% p/y in non-carriers).

Thrombosis risk and association with the
FVL or the PT20210A mutation

Compared with non-deficient individuals, the risk
of thrombosis increased in patients with AT, PC,
and PS deficiencies, in patients with the FVL and
PT20210A mutations, and in patients in whom the
PT20210A or the FVL mutation was associated. The
corresponding odds ratios adjusted for sex and type
of individual (propositus or relative) are shown in
Table 1. The risk of thrombosis for subjects with
the PT20210A mutation was lower than that for
other coagulation defects (4.2, 95% CI: 1.8-9.8).
The thrombosis-free survival curves for particular
defects with or without the PT20210A or the FVL
mutation were calculated. The probability of an
antithrombin-deficient subject being free of

thrombosis was 50% at 34 years (95% CI: 25-43
y.), at 19 years or at 21 years if he or she had the
FVL or the PT20210A mutation, respectively (Figure
1). At 62 years, 50% (95% CI: 43-81) of the
patients with PC deficiency presented at least one
manifestation of venous thrombosis. When the FVL
or the PT20210A mutation was associated in these
patients, the corresponding ages were 33 years
(95% CI: 21-45) and 44 years (95% CI: 16-72),
respectively (Figure 2). As for PS deficiency, 50% of
the deficient individuals had thrombosis at 37 years
(95% CI: 31-43), or at 24 years (95% CI: 0-50) and
36 years (95% CI: 23-49) when the deficiency was
associated with the FVL mutation or the PT20210A
mutation, respectively (Figure 3). The patients with
FVL mutation had a 50% probability of being free
of thrombosis at 50 years of age (95% CI: 47-53)
or at 52 years (95% CI: 34-70) when the PT20210A
mutation was associated (Figure 4). Age at the time
of 50% thrombosis-free survival was 65 years for
subjects with the PT20210A mutation (95% CI: 57-
73) (Figure 5). Comparisons between the throm-
bosis-free survival curves did not yield statistical
differences, probably because of the small number
of cases. We observed that the thrombosis-free
survival of PC deficient individuals with the FVL
mutation tended to be significant (p=0.0882).

Discussion
Biological defects causing thrombophilia are

clinically relevant not only to the patient, but also

I. Tirado et al.

Figure 1. Thrombosis-free survival of antithrombin deficient
individuals carrying the factor V Leiden mutation (FVL) or
the prothrombin 20210A mutation (PT20210A) compared
with patients with isolated antithrombin deficiency and non-
deficient individuals.

Figure 2. Thrombosis-free survival of PC deficient individu-
als carrying the FVL mutation or the PT20210A mutation
compared with patients with isolated PC deficiency and
non-deficient ones.
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to asymptomatic relatives and offspring who may
carry the same defect. The type of abnormality
determines the mode and duration of treatment
and the use of more intense prophylaxis in future
thrombotic risk situations. Moreover, thrombosis
without environmental triggering factors often
occurs in affected individuals. 

This study compared the risk of thrombosis in
individuals with inherited thrombophilia, due to
the FVL or PT20210A mutation, or to AT, PC, or PS
deficiencies, when these defects were isolated or
appeared in conjunction with the FVL or the
PT20210A mutation. In agreement with earlier
reports10,17 the probability of developing thrombo-
sis during a lifetime was increased 10.6 times for
carriers of AT deficiency, 6.4 for PC deficiency and
7.6 for PS deficiency. However, for the FVL muta-
tion (6.2), our findings differ from those of Mar-
tinelli et al.10 probably because we did not consid-
er arterial thrombosis. Moreover, we found a low-
er risk of thrombosis in subjects with PT20210A
mutation (odds ratio 4.2) than in individuals with
other defects. This is the first family study that
describes the thrombotic risk of individuals with
inherited thrombophilia due to PT20210A muta-
tion and compares it with the risks associated with
other genetic defects.

The incidence rate of first venous thrombosis for
family member carriers of FVL mutation was 0.31%
p/y, similar to the rate recorded by Middeldorp et
al.18 (0.4% p/y) but different from that reported by
Lensen et al.11 who found the incidence rate was
0.9% p/y. These comparisons emphasize that the

estimated risk of thrombosis for this defect
depends on the inclusion criteria in family studies.
On the other hand, we found that the incidence
rates of first venous thrombosis were very similar
for patients with PC deficiency and FVL mutation.
A similar conclusion was drawn by Lensen et al.11
who studied FVL mutation and compared their data
with data from a study performed by Allaart et al.19

on similar selected thrombophilic families with
heterozygous PC deficiency. 

The mean age at the first thrombotic episode
ranged from 30 to 40 years for all the patients with
single defects. Patients in whom the FVL or the
PT20210A mutation and PS or AT deficiencies were
associated presented with thrombotic events at a
younger age. By contrast, the presence of other
defects in patients with PC deficiency or with the
FVL mutation did not advance the age of presen-
tation. This is in agreement with recent findings in
heterozygous relatives with the FVL mutation or
the PC deficiency, in whom the differences in age
at the time symptoms developed were attributed to
how the patient was selected and not to the type
of defect.20

The types of thrombotic manifestation were not
statistically different between individuals with dif-
ferent defects. However, superficial thromboses
were more frequent in patients with the FVL muta-
tion or with PS deficiency. Moreover, in agreement
with recent data, our patients who were FVL muta-
tion carriers tended to have less pulmonary
embolism than those with other defects.21 The

Genetic risk factors for thrombosis in thrombophilic families

Figure 3. Thrombosis-free survival of PS deficient individu-
als carrying the FVL mutation and the PT20210A mutation
compared with patients with isolated PS deficiency and non-
deficient ones.

Figure 4. Thrombosis-free survival of carriers of the FVL
mutation plus the PT20210A mutation compared with car-
riers of the FVL mutation alone and non-deficient ones.
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mechanism associated with a lower incidence of
pulmonary embolism in carriers of the FVL mutation
is unknown. 

Our data agree with the reported relationship
between oral contraceptive intake and venous
thrombosis in FVL and PT20210A carriers.22 Based
on these findings and earlier data, screening for
both mutations should be performed in women
who wish to take oral contraceptives if they belong
to a thrombophilic family. 

We found that the prevalences of the FVL muta-
tion in families with other deficiencies (18.2% in
families with AT deficiency, 14.7%, in families with
PC deficiency and 10.0% in families PS deficiency)
were higher than expected for our general popula-
tion. These findings agree with those described by
other authors in families with AT,23 PC6 and PS7 defi-
ciencies. As for the PT20210A mutation, a similar sit-
uation was observed: our general population has the
highest prevalence ever reported (6.5%).12 And in the
families with thrombophilic defects the prevalence of
the PT20210A mutation was also higher than expect-
ed. PT20210-FVL was the most common combined
defect in these families. The literature on this point
is contradictory. Ehrenforth et al.24 and Howard et
al.25 both reported a higher prevalence of the
PT20210A mutation in heterozygotes for the FVL
mutation (12.2% and 10.4%, respectively). By con-
trast, other authors, Cumming et al.26 and Hillarp et
al.,27 reported that this association was infrequent. A
number of factors could account for these appar-
ently contradictory data. First, the low prevalences in
the general population and in the thrombotic popu-

lation could account for the differences, since a
higher number of patients would be necessary for
any differences to be observed. Another possible
explanation could be the different selection criteria
used. Moreover, one important selection bias is that
since thrombosis is influenced by a number of envi-
ronmental and genetic factors, individuals with more
than one defect are more likely to suffer from throm-
bosis and, hence, more likely to be included in a
study. This could explain our results with respect to
the PT20210A and the FVL mutations. Thus, co-seg-
regation of these defects with other inherited defects
is relatively common in symptomatic patients in
Spain.

A number of studies have been carried out to esti-
mate the actual risk of thrombosis in subjects with
thrombophilic defects. All of the data are based
mainly on uncontrolled retrospective studies which,
while demonstrating a higher risk of thrombosis in
deficient versus non-deficient individuals7,10,19,28

have not provided reliable estimates of the actual
risk of thrombosis. Some authors have decided to
exclude index patients from the analyses because of
the recruitment bias.7,10,19 Although this approach
can avoid overestimation of risk, it can also lead to
an underestimation since the propositi are obvi-
ously symptomatic members of the families. For this
reason, we considered the inclusion of all the indi-
viduals, employing an ascertainment adjustment to
avoid overestimation of risk. 

The data on combined defects are scant. We pre-
viously reported that patients with PS plus PC defi-
ciency had an increased risk of thrombosis.28 Earli-
er data from studies by Pabinger et al.29 and Zöller
et al.7 pointed in the same direction. In our study,
an increased risk was found in patients in whom
there was an association of the FVL mutation with
other deficiencies, but this was not generally evi-
dent for the PT20210A mutation, suggesting that
this variant results in a slight risk of thrombosis. In
fact, some homozygous individuals for the
PT20210A mutation who remain asymptomatic at
relatively advanced ages have been reported.30

Currently, there are no studies that unequivocal-
ly establish how and when thromboembolic pro-
phylaxis should be undertaken in affected individ-
uals. Furthermore, there is no information about
whether the hemorrhagic risk of long-term antico-
agulant treatment outweighs the benefit of anti-
thrombotic prophylaxis. At present, the most rea-
sonable course of action is to carry out thrombo-
prophylaxis in risk situations.29,31 We should expect
some guidance from the important multicenter
case-control study (the European Prospective

I. Tirado et al.

Figure 5. Thrombosis-free survival of carriers of the
PT20210A mutation.



Cohort On Thrombophilia-EPCOT) addressing this
question.32 The EPCOT-study seeks to determine the
risk of thrombosis in carriers of prothrombotic defi-
ciencies and to establish whether long-term throm-
boprophylaxis should be recommended.

It is well known that the co-existence of
PT20210A and FVL mutations tends to raise the risk
of recurrent thrombosis.33 The risks of thrombosis
for particular deficiencies are probably impossible
to determine given that a number of unknown
hereditary factors remain to be identified. These
factors may be protective,34 but they may also be
deleterious. For this reason, the risk of thrombosis
of a particular individual could vary when other
risk factors are discovered. At present, clinical
assessment continues to play an important role in
the evaluation of affected individuals. 
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Potential implications for clinical practice

The high prevalence of the FVL and PT20210A
mutations in the Spanish population warrant
screening for both mutations35,36 in thrombotic
patients, especially in patients exhibiting addi-
tional thrombophilic defects. Such screening
should ultimately lead to a reduction in throm-
boembolic morbidity and mortality.
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