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Summary

A G20210A transition in the prothrombin gene is a common risk
factor of venous thrombosis. The risk of recurrent venous thrombo-
embolism in carriers of the 20210A allele is unknown and guidelines
for secondary thromboprophylaxis in these patients are not available.

In a prospective multicenter trial, 492 patients with a history of 
objectively documented venous thromboembolism were followed for a
mean observation time of 24 ± 16 months after discontinuation of oral
anticoagulants. Forty-two patients (8.5%) were carriers of the 20210A
allele. Three of the 42 patients with the G20210A mutation (7%) and 
54 of 450 patients without the mutation (12%) experienced recurrent
venous thrombosis. At 24 months, the probability of recurrence was 8%
(95% CI 0-16.7) in patients with the mutation and was 12.2% (95% CI
8.8-15.6) in patients without the mutation.

In conclusion, the risk of early recurrent venous thromboembolism
is not higher in patients with the G20210A mutation than in those with-
out the mutation. Therefore, long-term secondary thromboprophylaxis
with oral anticoagulants in heterozygous carriers of the 20210A allele is
not justified.

Introduction

A genetic variation in the 3’-untranslated region of the prothrombin
gene, a G to A transition at nucleotide position 20210, confers an in-
creased risk of venous thrombosis (1-3). The 20210 A allele has been
observed in 5.5-7.1% of unselected consecutive caucasian patients with
venous thromboembolism and in 1.2-2.3% of healthy subjects (1-3).
Compared to individuals with wildtype genotype, heterozygous carriers
of the mutation have a 2.8- to 5-fold increased risk of venous throm-
boembolism (1-3).

The risk of recurrent venous thromboembolism is high shortly after
the acute event and secondary thromboprophylaxis with oral anticoagu-
lants is recommended for 6 months (4). Patients with cancer or the
antiphospholipid antibody syndrome have an especially high risk of
recurrence (5, 6) and are candidates for long-term anticoagulation. The
same therapeutic principles apply to patients with congenital thrombo-

philia, such as a deficiency of antithrombin, protein C, or protein S,
although – due to the low prevalence of these abnormalities – the bene-
fit/risk ratio of long-term anticoagulant therapy has never been clearly
established. In this respect, the risk of severe bleedings associated with
long-term anticoagulation has to be taken into serious consideration.
Conflicting data on the incidence of recurrence have been reported for
patients with the factor V Leiden mutation (7-9) and prospective clini-
cal trials to assess the optimal duration of secondary thromboprophy-
laxis in carriers of the mutation are warranted. Data on the risk of
recurrent venous thromboembolism in patients with the G20210A
mutation in the prothrombin gene are lacking and the optimal duration
of oral anticoagulant therapy for these patients is unknown.

Since 1992, we prospectively followed patients with a history of
venous thromboembolism and objectively documented all recurrent
thromboembolic events which occurred following discontinuation of
oral anticoagulant treatment. In the present analysis, we investigated
whether carriers of the G20210A mutation in the prothrombin gene
have an increased risk of recurrent venous thromboembolism.

Methods

Patients and Study Design

Details on patient enrollment and on the design of the Austrian Study of
Recurrent Venous Thromboembolism (AUREC) have been previously reported
(7). The study was conducted as a prospective multicenter trial. Patients had to
fulfill the following criteria: age older than 18 years; objectively documented
venous thromboembolism either by venography or color-coded duplex ultra-
sonography, or by perfusion/ventilation lung scan; treatment with oral anti-
coagulants for at least three months; and informed consent. Between July, 1992
and April, 1998, 905 consecutive patients were seen in four thrombosis centers.
Two hundred and seventy-nine patients were excluded from the study because
of deficiency of antithrombin, protein C or protein S (7 patients); systemic 
lupus erythematosus and/or an antiphospholipid antibody syndrome (10 pa-
tients); cancer (89 patients); or requirement of long-term anticoagulation 
(173 patients). All remaining 626 patients were screened for the presence 
of antithrombin-, protein C-, or protein S-deficiency, or antiphospholipid anti-
bodies after discontinuation of oral anticoagulants. Twenty-three patients with
either one of these defects were excluded from the study. Another 111 patients
were unavailable for genetic testing.

The remaining 492 patients were seen at three-months intervals for the first
12 months and every six months thereafter. At study entry, patients were
provided with written information on the symptoms of venous thromboembo-
lism, and were instructed to report to one of the centers if symptoms of deep
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vein thrombosis and/or pulmonary embolism occurred. Recurrent venous
thromboembolism had to be confirmed by venography and/or a perfusion/
ventilation lung scan.

The study was approved by the local Ethics Committee, and written in-
formed consent was obtained from all participants.

Laboratory Analysis

Genomic DNA was extracted from 3 ml citrated blood according to standard
procedures. 200 ng DNA were amplified in 50 ml reaction volumes containing
0.2 mmol/l of each desoxynucleotide triphosphate (dNTP), 10 mmol/l Tris-HCl
(pH 8.3 at 25° C), 50 mmol/l KCl, 0.3 mmol/l of each primer [primer sequences
were chosen according to Poort et al. (1)], 1.5 mmol/l MgCl2 and one unit 
Ampli Taq Gold polymerase (Perkin Elmer Cetus, Norwalk, CT, USA). 
Amplifications were performed in a Thermal Cycler 480® (Perkin Elmer Cetus,
Norwalk, CT, USA). An initial denaturation step of 10 min at 95° C was fol-
lowed by 40 cycles of 1 min at 94° C, 1 min at 45° C and 1 min at 72° C. A final
extension step of 10 min at 72° C assured completion of the reaction. Aliquots
of 7 ml of each PCR product were submitted to digestion with 10 units Hind III
in 13 Hind III buffer (Boehringer Mannheim, FRG) in a reaction volume of 
30 ml. Following incubation for 90 min at 37° C, the digests were analyzed by
electrophoresis on 6% polyacrylamide gels.

Factor V Leiden was determined as described by Bertina et al. (10). Deter-
mination of antithrombin, protein C or protein S deficiency was performed as
previously reported (11).

Statistical Analysis

Times to recurrence of venous thromboembolism (uncensored observations)

or follow-up times in patients without recurrence (censored observations) were
analyzed using survival time methods. The probability of recurrent venous
thromboembolism was estimated following the method of Kaplan-Meier (12).
To test for homogeneity between strata we applied the log-rank and the gener-
alized Wilcoxon test. Categorial data were checked for homogeneity using
contingency table analyses (x2-test). Simple descriptive statistics were com-
puted to provide a clear presentation of the data. For numerical operations a
SAS software package was used.

Results

Patient Characteristics

Of the 492 patients, 42 (8.5%) were carriers of the G20210A muta-
tion in the prothrombin gene (Table 1). One of these patients was
homozygous for the 20210A allele. Patients with and without the
G20210A transition did not differ with regard to distribution of gender,
site of thrombosis, triggering events, number of previous thromboses,
duration of previous oral anticoagulant therapy, or observation time.
Patients with the prothrombin mutation were younger at the time of
their first venous thrombotic event than patients without the mutation.
The mean (± SD) age at study entry was 44.4 (± 14) years in carriers of
the 20210A allele and was 50.3 (± 16.5) in those with the wildtype
genotype (p = 0.02). The majority of the patients experienced spon-
taneous venous thromboembolism. Factor V Leiden was present in
19% of the patients with the mutation and in 30% of the patients with-
out the mutation (p = 0.1).

In 5 patients with and in 70 patients without the mutation the study
was terminated because of pregnancy (1 with and 2 without the muta-
tion), because the patient was lost for follow-up (1 with and 34 without
the mutation), because of diagnoses of cancer (3 without the mutation)
or because antithrombotic treatment for reasons other than venous
thrombosis had to be administered (3 patients with and 31 without the
mutation). These patients were withdrawn from the study and were
censored at the time of withdrawal.

Recurrent Venous Thromboembolism

Three (7%) of 42 patients with the G20210A transition and 54 (12%)
of 450 patients without the mutation had recurrent venous thrombo-
embolism. The cumulative probability of recurrence did not differ

Fig. 1 Cumulative probability of early recurrent venous thromboembolism in
patients with (GA) and without (GG) the G20210A mutation in the prothrom-
bin gene

Table 1 Demographic and clinical characteristics of 492 patients with (+) and
without (–) the G20210A mutation in the prothrombin gene and a history of
venous thromboembolism (VTE)
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between patients with and without the G20210A mutation (Wilcoxon
p = 0.4, log-rank p = 0.3) (Fig. 1). At 24 months, the probability
of recurrence was 8% (95% CI 0-16.7) in patients with the mutation and
was 12.2% (95% CI 8.8-15.6) in patients without the mutation.

The relative risk (RR) of recurrent venous thromboembolism was
0.6 (95% CI 0.2-1.8, p = 0.3) in patients with the G20210A transition.
After adjustment for age and factor V Leiden carrier status, the RR was
0.7 (95% CI 0.2-2.1; p = 0.5).

Two (5%) patients with the G20210A mutation and 32 (7%) patients
without the mutation developed deep vein thrombosis. Pulmonary
embolism occurred in 1 (4%) patient with the prothrombin mutation
and in 2 (5%) patients without the mutation.

In a subset of patients with a single spontaneous venous thrombosis
3 of 24 (12.5%) patients with the mutation and 29 of 268 (10.8%) with-
out the mutation had recurrent venous thrombosis. In these patients, the
probability of recurrence at 24 months was 10.3% (95% CI 6-14) and
13.6% (95% CI 0-28), respectively (Wilcoxon p = 0.7, log-rank p = 0.9).

Discussion

The prevalence (8.5%) of the G20210A mutation in our cohort of
consecutive, prospectively followed patients with a history of a venous
thromboembolism was similar to that found in Dutch (6.2%), Swedish
(7.1%), and British (5.5%) thrombosis patients (1-3). Together with the
factor V Leiden mutation (R506Q), which causes resistance of factor V
to activated protein C (10), the G20210A mutation is one of the most
common genetic risk factors of venous thrombosis.

After an acute venous thromboembolic event, it is common practice
to treat patients with oral anticoagulants for a period of six months (4).
Long-term secondary thromboprophylaxis is generally recommended
in patients with an increased risk of recurrence, such as cancer, the
antiphospholipid antibody syndrome or antithrombin-deficiency (5, 6).
The benefit of oral anticoagulants has to be carefully weighed against
their risks. For instance, in a large study by Palaretti et al. the annual
risk of major or fatal bleedings was 1.1% and 0.25%, respectively (13).
In carriers of the G20210A mutation, the risk of recurrent venous
thromboembolism is currently unknown, and guidelines for secondary
thromboprophylaxis are not available.

Our data clearly indicate that the risk of recurrent venous throm-
boembolism within the first two years after discontinuation of oral
anticoagulants is not higher in patients with the G20210A mutation
than in those without the mutation. Within this period of time, 8% of the
patients with the prothrombin mutation compared to 12% without the
mutation had recurrent thrombotic disease. From these data, extended
secondary thromboprophylaxis with oral anticoagulants does not seem
indicated in patients heterozygous for the G20210A mutation in the
prothrombin gene.

Although the majority of our patients was treated with oral anti-
coagulants for 3-6 months after their thrombotic event, some patients
received secondary thromboprophylaxis for a longer period of time.
This may have affected the overall recurrence rate of our study cohort
and may have attenuated a potential difference between the two patient
groups.

The mean observation time of our study cohort was approximately
two years and we can therefore only comment on the risk of early
rather than late recurrence. It could well be the case that patients with
the G20210A transition in the prothrombin gene have an increased risk
of recurrence when followed for a much longer period of time. To
prevent late recurrent thrombotic events, long-term administration of
anticoagulants is necessary. Considering that the bleeding risk of oral

anticoagulants is directly related to the duration of therapy (13), it is
unlikely that long-term anticoagulant therapy is beneficial in heterozy-
gous carriers of the prothrombin mutation.

There is evidence that the co-existence of risk factors potentiates the
risk of thrombosis (14-16). To eliminate a potential inhomogeneity in
our patient population with regard to other permanent risk factors,
patients with antithrombin-, protein C-, or protein S-deficiency,
patients with cancer or the antiphospholipid antibody syndrome were
not included. Factor V Leiden was unknown when our trial was started.
To exclude a possible effect of the factor V Leiden mutation on the risk
of recurrence, we calculated the probability of recurrence for patients
with and without the G20210A mutation who were not carriers of
factor V Leiden. After exclusion from the Kaplan-Meier analysis of the
patients with factor V Leiden, the probability of recurrent thrombosis
was unchanged in both patient groups (data not shown). Furthermore,
following adjustment for factor V Leiden carrier status the relative
risk remained unaffected compared to the previous analysis. As we
have previously shown, the presence of the factor V Leiden mutation
also does not confer a higher risk of recurrence in our patient popula-
tion (7). 

There is evidence that the risk of recurrent venous thromboembolism
is lower in patients with transient risk factors (i. e. trauma or surgery)
and that patients with recurrent venous thrombosis have an increased
risk of recurrence (4, 5). The proportion of patients with transient risk
factors or recurrent venous thrombosis was approximately 25% and
was equally distributed in patients with and without the mutation.
To evaluate the influence of the two subgroups of patients on our ana-
lysis, we excluded all patients with transient risk factors or previous
recurrence. In the Kaplan-Meier analysis, the probability of recurrence
in patients with the G20210A mutation was not significantly different
from those without the mutation. Because of the small number of
patients these data have to be interpreted with caution.

In conclusion, the risk of early recurrent venous thromboembolism
is not higher in heterozygous carriers of the G20210A mutation than in
patients without the mutation. Therefore, extended secondary thrombo-
prophylaxis with oral anticoagulants does not seem to be justified in
patients heterozygous for the G20210A mutation in the prothrombin
gene. The risk of recurrence, however, may be increased in homo-
zygous carriers of the 20210A allele as well as in heterozygous carriers
with other co-existing permanent risk factors of venous thrombosis. In
these patients, the recurrence rate and the optimal duration of secondary
thromboprophylaxis remain to be investigated.
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