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ABSTRACT

Background Point mutations in the factor V gene
(factor V Leiden) and the prothrombin gene (the sub-
stitution of A for G at position 20210) are the most
common causes of inherited thrombophilia. Wheth-
er or not factor V Leiden increases the risk of recur-
rent deep venous thrombosis is controversial, and
there is no information on the risk of recurrence
among carriers of both mutations.

Methods We studied a retrospective cohort of 624
patients who were referred for a first episode of
deep venous thrombosis. After excluding 212 pa-
tients with other inherited or acquired causes of
thrombophilia, we compared 112 patients who were
heterozygous carriers of factor V Leiden with 17 pa-
tients who were heterozygous for both factor V
Leiden and the prothrombin mutation and 283 pa-
tients who had neither mutation. The relative risk of
recurrent deep venous thrombosis was calculated
with use of a proportional-hazards model.

Results Patients who were heterozygous for fac-
tor V Leiden alone had a risk of recurrent deep
venous thrombosis that was similar to that among
patients who had neither mutation (relative risk, 1.1;
95 percent confidence interval, 0.7 to 1.6; P=0.76). In
contrast, patients who were heterozygous for both
factor V Leiden and the prothrombin mutation had a
higher risk of recurrent thrombosis than did carriers
of factor V Leiden alone (relative risk, 2.6; 95 percent
confidence interval, 1.3 to 5.1, P=0.002). When the
analysis was restricted to patients with spontaneous
recurrences (i.e., ones that occurred in the absence
of transient risk factors for venous thrombosis), the
risk among carriers of both mutations, as compared
with carriers of factor V Leiden alone, remained high
(relative risk, 3.7; 95 percent confidence interval, 1.7
to 7.7; P<0.001), particularly if the first event had
also been spontaneous (relative risk, 5.4; 95 percent
confidence interval, 2.0 to 14.1; P<0.001). In contrast,
the risk of recurrence in the presence of transient risk
factors was similar among carriers of both mutations
and carriers of factor V Leiden alone.

Conclusions The risk of recurrent deep venous
thrombosis is similar among carriers of factor V
Leiden and patients without this mutation. Carriers
of both factor V Leiden and the G20210A prothrom-
bin mutation have an increased risk of recurrent deep
venous thrombosis after a first episode and are can-
didates for lifelong anticoagulation. (N Engl J Med
1999;341:801-6.)
©1999, Massachusetts Medical Society.

NHERITED resistance to activated protein C

is a thrombophilic condition resulting from a

mutant factor V (factor V Leiden).! The muta-

tion is relatively common among whites, with
a frequency of 5 percent in the general population
of European ancestry and 11 to 21 percent among
patients with venous thromboembolism.2 The esti-
mated risk of deep venous thrombosis is 7 times as
high among heterozygous carriers of the mutation as
among persons without the mutation, and 80 times
as high among homozygotes.? There is disagreement
whether factor V Leiden is associated with an in-
creased risk of recurrent deep venous thrombosis.
Several studies reported relative risks of recurrence
ranging from 2.4 to 4.1 among patients with deep
venous thrombosis who had the mutation as com-
pared with those who did not have the mutation.5
Other studies, however, failed to find an association
between factor V Leiden and recurrent deep venous
thrombosis.6-8 This issue is clinically important, be-
cause carriers of the mutation should receive lifelong
anticoagulant therapy if their risk of recurrent throm-
bosis is high.

Another thrombophilic mutation has been identi-
fied in the 3’ untranslated region of the prothrombin
gene (the substitution of A for G at position 20210)°;
the mutant allele is present in 2 percent of the gen-
eral population!® and increases the risk of deep venous
thrombosis by a factor of 2.7 to 3.8.91113 The ex-
pected prevalence of both the factor V Leiden mu-
tation and the prothrombin mutation in the general
population is about 1 per 1000; the prevalence has
been estimated to be 1 to 5 percent among patients
with deep venous thrombosis.®!114 The prevalence
of the 20210A allele among selected patients with
factor V Leiden and previous venous thromboem-
bolism is 3 to 27 percent.!l'1¢ Because there is pre-
liminary evidence that carriers of the prothrombin
20210A allele who also have other inherited throm-
bophilic conditions (deficiency of antithrombin III,
protein C, or protein S or the presence of factor V
Leiden) are more prone to recurrent thrombotic ep-
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isodes than persons with one thrombophilic con-
dition,'+1” we evaluated the risk of recurrent deep
venous thrombosis among patients who were heter-
ozygous for factor V Leiden in the presence and the
absence of the prothrombin mutation as compared
with patients with no known causes of inherited
thrombophilia.

METHODS
Patients

From November 1994 to December 1998, 624 consecutive
unrelated patients who had had a first episode of deep venous
thrombosis of the legs or had been given a diagnosis of recurrent
venous thromboembolism in the hospital by their attending phy-
sicians were referred to two specialized thrombosis centers (in Mi-
lan and Rome) for an assessment of the possible causes of throm-
bophilia. All patients were interviewed about their medical history
by physicians before undergoing any laboratory tests, so that the
diagnosis of first or recurrent deep venous thrombosis was re-
corded without knowledge of the results of thrombophilia screen-
ing. The presence of known risk factors at the time of any episode
of deep venous thrombosis, such as oral-contraceptive use, preg-
nancy or recent childbirth, surgery, prolonged immobilization (bed
rest for at least 10 days, or the need for a leg cast), and trauma,
was also recorded.

The diagnosis of a first episode of deep venous thrombosis was
considered valid if it had been based on objective methods such as
phlebography, ultrasonographic examination, or impedance pleth-
ysmography. The diagnosis of contralateral recurrent deep venous
thrombosis also had to be objectively established, and recurrences
of pulmonary embolism were diagnosed on the basis of perfusion
lung scanning or computed tomography. Episodes of ipsilateral
deep venous thrombosis or pulmonary embolism that occurred
within three months after the first episode of deep venous throm-
bosis were considered to indicate progression rather than recur-
rence. Episodes of ipsilateral deep venous thrombosis that occurred
more than three months after the first episode of thrombosis were
considered to indicate recurrence if the results of the objective tests
were worse than those obtained at the time of the initial episode
or if'a new course of anticoagulant treatment was started.

After giving informed consent, all patients underwent screen-
ing for thrombophilia as previously described.’® DNA samples
were analyzed for the presence of the prothrombin gene mutation
according to the method of Poort et al.?

Of the 624 patients who were referred, 283 had neither muta-
tion and 129 were heterozygous carriers of factor V Leiden, 17
of whom were also heterozygous for the G20210A prothrombin
mutation. The remaining 212 patients were excluded from the
study because of the presence of one or more of the following:
deficiency of antithrombin III, protein C, or protein S; homozy-
gosity for factor V Leiden; an isolated G20210A mutation or a
G20210A mutation in combination with thrombophilic traits
other than factor V Leiden; cancer or myeloproliferative diseases;
autoimmune disorders (including primary antiphospholipid-anti-
body syndrome); treatment with an oral anticoagulant for more
than six months after the first episode of deep venous thrombosis;
or a diagnosis of recurrent superficial venous thrombosis without
objective signs of deep venous thrombosis.

Statistical Analysis

We used the chi-square test to estimate differences in preva-
lence among the three groups. We analyzed the interval from the
first episode of deep venous thrombosis to a recurrence (uncen-
sored observations) or to referral to the centers (censored obser-
vations) in order to estimate the probability of recurrent deep
venous thrombosis as a function of time, according to the meth-
od of Kaplan and Meier!® The probability of recurrent deep
venous thrombosis was compared among the groups with use of
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the log-rank test; the relative risk of recurrent deep venous throm-
bosis among patients with one or both mutations as compared with
those with neither mutation was estimated with use of a Cox pro-
portional-hazards model, with 95 percent confidence intervals.20

RESULTS
Characteristics of the Patients

The clinical characteristics of the patients are shown
in Table 1. Seventeen carriers of the factor V Leiden
mutation were also carriers of the G20210A pro-
thrombin mutation; none of the patients were ho-
mozygous for the prothrombin mutation. There were
no significant differences among the group of pa-
tients with neither mutation, the group that was het-
erozygous for factor V Leiden alone, and the group
that was heterozygous for both factor V Leiden and
the prothrombin mutation with respect to sex distri-
bution, age at the time of the first episode of deep
venous thrombosis, age at referral, interval from the
first episode of deep venous thrombosis to recurrence
or referral, or rate of spontaneous first thrombotic
events. With one exception, the prevalence of known
risk factors at the time of the first event did not dif-
fer among the groups; pregnancy and recent child-
birth were more common among the women who
had one or both mutations than among those with
neither mutation.

Risk of Recurrent Deep Venous Thrombosis

At the time of referral, the cumulative incidence
of recurrent deep venous thrombosis was 30 percent
among carriers of factor V Leiden alone and patients
with neither mutation. The cumulative incidence was
more than twice as high (65 percent) among the 17
carriers of both factor V Leiden and the G20210A
prothrombin mutation (P=0.005 and P=0.003, re-
spectively, by the chi-square test) (Table 2).

In general, patients with a first episode of deep
venous thrombosis should be advised not to take oral
contraceptives and to start antithrombotic prophy-
laxis during situations that increase the risk of recur-
rence, such as surgery or pregnancy. Our patients did
not always follow these recommendations; therefore,
39 of 131 recurrences (30 percent) occurred among
patients with a known risk factor; however, the prev-
alence of recurrences that were associated with a
known risk factor was similar in the three groups: 10
percent among carriers of factor V Leiden alone,
9 percent among patients with neither mutation,
and 6 percent among carriers of both factor V
Leiden and the prothrombin mutation (P=0.87).
When only spontaneous recurrences were consid-
ered, the cumulative incidence was still higher
among patients with both mutations (59 percent)
than among those with factor V Leiden alone (21
percent, P<<0.001) or those with neither mutation
(21 percent, P<<0.001) (Table 2).

Kaplan—Meier analysis showed that the likelihood
of thrombosis-free survival after the first event was
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TABLE 1. CLINICAL CHARACTERISTICS OF THE PATIENTS WITH DEEP VENOUS THROMBOSIS. *

PATIENTS WHO WERE
HETEROZYGOUS FOR PATIENTS WHO WERE

FACTOR V LEIDEN AND HETEROZYGOUS FOR PATIENTS WITH
G20210A PROTHROMBIN FACTOR V LEIDEN NEeITHER MUTATION
CHARACTERISTIC MurtaTion (N=17) (N=112) (N=283)
Sex
Male 9 51 120
Female 8 61 163
Ratio 1.12 0.84 0.74
Age at first episode of DVT — yr
Mean 32 35 36
Median 29 32 35
Range 6-67 15-69 6-72
Age at referral — yr
Mean 43 43 44
Median 41 41 44
Range 21-70 18-75 9-77
Interval from first episode of DVT to recurrence or
referral — yr
Mean 5 6 6
Median 3 4 3
Range 1-19 1-34 1-41
Spontancous first episode of DVT — no. of patients 8 (47) 41 (37) 114 (40)
%)
Risk factors associated with first episode of DVT
Oral-contraceptive use — no. of female patients/ 4/8 (50) 26/61 (43) 55/163 (34)
total no. (%)
Pregnancy or recent childbirth — no. of female 2/8 (25) 22/61 (36) 28/163 (17)
patients/total no. (%)
Surgery — no. of patients/total no. (%) 2/17 (12) 10/112 (9) 42/283 (15)
Trauma or leg cast — no. of patients/total no. (%) 0/17 7/112 (6) 30/283 (11)
Bed rest — no. of patients/total no. (%) 1/17 (6) 6/112 (5) 14,283 (5)

*DVT denotes deep venous thrombosis.

TABLE 2. RELATIVE RISK OF RECURRENT DEEP VENOUS THROMBOSIS. *

PATIENTS
WITH NEITHER
PATIENTS WHO WERE HETEROZYGOUS FOR FACTOR V LEIDEN AND PATIENTS WHO WERE HETEROZYGOUS MuTATION
VARIABLE G20210A ProTHROMBIN MuTATION (N=17) FOR FACTOR V LEIDEN (N=112) (N=283)
RELATIVE RISK P RELATIVE RISK P RELATIVE RISK r
INCIDENCE (95% CI)t VALUE (95% CI)t VALUE INCIDENCE (95% CI)t VALUE INCIDENCE
no. (%) no. (%) no. (%)
Recurrent DVT 11 (65) 2.6 (1.3-5.1) 0.002 2.7 (1.4-5.0) <0.001 34 (30) 1.1(0.7-1.6) 0.76 86 (30)
Spontaneous recurrent DVT 10 (59) 3.7 (1.7-77) <0.001 3.4 (1.7-6.6) <0.001 23 (21) 1.0 (0.6-1.6) 0.81 59 (21)
Spontaneous recurrent DVT 7 (88) 54 (2.0-141) <0.001 5.1 (2.2-11.4) <0.001 10 (24) 1.0 (0.5-2.0) 0.97 33 (29)

after a spontancous first
episode of DVT§
Spontaneous recurrent DVT 3(33) 21(0.6-7.3) 0.22 1.9 (0.6-6.2) 0.26 13 (18) 1.2(0.6-2.3) 0.65 26 (15)
after a secondary first epi-
sode of DVTY

*The P values were calculated by the log-rank test. CI denotes confidence interval, and DVT deep venous thrombosis.
tThe comparison group is the group of patients who were heterozygous for factor V Leiden.
1The comparison group is the group of patients with neither mutation.

§The percentages are calculated on the basis of the total number of spontaneous first episodes of deep venous thrombosis: 8 among the patients who
were heterozygous for both mutations, 41 among those who were heterozygous for factor V Leiden, and 114 among those with neither mutation.

{The percentages are calculated on the basis of the total number of secondary first episodes of deep venous thrombosis: 9 among the patients who were
heterozygous for both mutations, 71 among those who were heterozygous for factor V Leiden, and 169 among those with neither mutation.
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similar among carriers of factor V Leiden and pa-
tients with neither mutation (relative risk of recur-
rence among the carriers, 1.1; P=0.76) (Table 2).
Stratification of the risk of recurrence among pa-
tients who were heterozygous for factor V Leiden
alone as compared with those with neither mutation
according to whether the first event was spontane-
ous or due to known risk factors or to whether the
recurrence was spontaneous or due to known risk
factors did not change the results substantially (Ta-
ble 2). Analysis of the time-to-recurrence curves
according to sex showed that the presence of factor
V Leiden did not significantly increase the risk of re-
current deep venous thrombosis among men (rela-
tive risk, 1.1; 95 percent confidence interval, 0.6 to
1.9; P=0.77) or women (relative risk, 1.0; 95 per-
cent confidence interval, 0.5 to 1.7; P=0.89).

The overall risk of recurrent deep venous throm-
bosis among patients who were heterozygous for
both factor V Leiden and the G20210A prothrom-
bin mutation was 2.6 times as high as that among
patients who were heterozygous for factor V Leiden
alone and 2.7 times as high as that among patients
with neither mutation (Table 2). The relative risk of
spontaneous recurrent deep venous thrombosis was
3.7 among patients with both mutations, as com-
pared with patients who were heterozygous for fac-
tor V Leiden alone (Table 2). Further stratification
of the risk of recurrent thrombosis among patients
who were heterozygous for both mutations accord-
ing to whether the first episode of thrombosis was
spontaneous or due to known risk factors produced
statistical instability because of the small number of
patients, as reflected by the wide 95 percent confi-
dence intervals. Yet the spontaneous occurrence of
an initial episode of thrombosis further increased
the relative risk, to 5.4, as compared with the pa-
tients who were heterozygous for factor V Leiden
alone (Table 2). The risk of recurrence of a sponta-
neous episode of deep venous thrombosis was not
increased by the fact that the initial episode occurred
in the presence of known risk factors (Table 2).

DISCUSSION

After a first episode of deep venous thrombosis,
the risk of recurrence is higher among patients with
a persistent risk factor (such as cancer or inherited
thrombophilia) than among those with a transient
risk factor (such as oral-contraceptive use, pregnancy
or recent childbirth, surgery, or prolonged immobi-
lization).2! There is currently no general consensus
on the optimal duration of treatment with oral an-
ticoagulants after a first episode of deep venous
thrombosis in patients with inherited thrombophilia.
Usually, long-term treatment is not recommended if
the first episode occurred in association with known
transient risk factors, whereas long-term treatment is
considered appropriate when deep venous thrombosis
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developed spontaneously.!8-2223 The decision should
take into account the type and severity of the genetic
defect, the number of genetic defects, the site of the
first thrombotic event, and whether there is a family
history of thromboembolic episodes. The risk of re-
current thrombosis has to be weighed against the
risk of major bleeding that is associated with long-
term oral anticoagulation, which is estimated to range
from 1.1 percent to 3.8 percent per patient-year.2425

The high prevalence of factor V Leiden among
patients with deep venous thrombosis prompted stud-
ies to determine the risk of recurrence associated with
this mutation after a first episode of deep venous
thrombosis. An increase in the risk ranging from 2.4
to 4.1 has been reported by some authors*® but not
by others.6# Some of these studies suffered from lim-
itations related to the relatively small number of pa-
tients who had the mutation*¢ or to the short ob-
servation period.*¢7 In addition, most of them were
carried out before the identification of the G20210A
prothrombin mutation as a cause of inherited throm-
bophilia. Therefore, some discrepancies in the results
may be due to the simultaneous presence of this ge-
netic defect in some carriers of factor V Leiden. This
view is supported by the observation that in small
series of patients with venous thrombosis and inher-
ited thrombophilia, patients who had the G20210A
prothrombin mutation had a higher risk of recur-
rence than those with a single thrombophilic trait.1417

To evaluate the risk of recurrent deep venous
thrombosis among patients with factor V Leiden
alone or in association with the G20210A prothrom-
bin mutation, we carried out a retrospective cohort
study. None of the patients had other risk factors for
thrombosis, such as deficiencies of naturally occur-
ring coagulation inhibitors, cancer, or myeloprolifer-
ative or autoimmune diseases. Although hyperho-
mocysteinemia has been reported as an important
synergistic risk factor for deep venous thrombosis in
patients with factor V Leiden,2¢ we chose not to in-
clude it among the exclusion criteria, because the
retrospective nature of our study and the possible
changes in the homocysteine levels as a result of
changes in dietary habits during the observation pe-
riod might have produced a misleading classification
of the patients.

Patients who had only factor V Leiden had a risk
of recurrent deep venous thrombosis that was nearly
identical to that among patients with neither muta-
tion, irrespective of the outcome analyzed (any type
of recurrence, spontaneous recurrence, or spontane-
ous recurrence after either a spontancous first epi-
sode or an episode due to known risk factors). The
presence of both factor V Leiden and the G20210A
prothrombin mutation increased the risk of recur-
rent deep venous thrombosis by a factor of 2.6 and
the risk of a spontancous recurrence by a factor of
3.7, as compared with the risk among patients who
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were heterozygous for factor V Leiden alone. The
relative risk of recurrent deep venous thrombosis
among carriers of both mutations, as compared with
carriers of factor V Leiden alone, was not signifi-
cantly increased when the first episode occurred in
the presence of a known risk factor.

We do not know whether the increased risk of re-
currence among heterozygous carriers of factor V
Leiden and the G20210A prothrombin mutation is
due to an interaction between the two mutations or
simply to the presence of the mutant prothrombin
gene. The latter possibility is not supported by the
results of two recent prospective studies, which failed
to find an increased risk of recurrent deep venous
thrombosis in association with the G20210A pro-
thrombin mutation.$:”

Although we studied a selected group of patients,
our results can be applied to the majority of patients
with factor V Leiden (with or without the G20210A
prothrombin mutation) and a previous episode of
deep venous thrombosis. In our initial retrospective
cohort of 624 consecutive patients, the prevalence
of heterozygosity for factor V Leiden was 21 per-
cent, in close agreement with previous data obtained
in consecutive patients with deep venous thrombosis.>
In our cohort, a large fraction of first events was as-
sociated with oral-contraceptive use or pregnancy or
recent childbirth, yet when the analysis was restrict-
ed to male patients or to patients who had had a
spontaneous first episode of deep venous thrombo-
sis, there was a low risk of recurrence associated with
the presence of factor V Leiden alone, as compared
with the absence of both mutations.

The retrospective nature of our study and the use
of recurrence of deep venous thrombosis as the pri-
mary outcome may have led to bias. The diagnosis
of a first episode of deep venous thrombosis or re-
currence was made by the attending hospital physi-
cians before the patients were referred to the throm-
bosis centers, and each episode was validated by the
staft members of the centers before laboratory screen-
ing was conducted, so that the interviewers were un-
aware of the genotype of the patients. Moreover, the
period after referral to the centers was not consid-
ered, because patients with a diagnosis of inherited
thrombophilia were likely to be observed carefully
for the onset of recurrent deep venous thrombosis,
whereas patients with no identified cause of throm-
bosis in many cases had no further contact with the
centers. Thus, it is unlikely that the rate of recurrence
was overestimated in patients with mutations caus-
ing thrombophilia. A number of recurrences may have
been missed because of the retrospective evaluation
of medical records and because episodes were counted
as recurrent only in the presence of objective docu-
mentation. However, there is no reason to think that
the pattern of underestimation should have differed
among the three groups.

From a practical point of view, our findings sug-
gest that heterozygous carriers of factor V Leiden
with no additional thrombophilic traits should not
receive lifelong anticoagulation after a first episode
of deep venous thrombosis and that they should be
treated like patients with no known mutations. This
suggestion is also supported by a recent study of the
optimal duration of anticoagulant treatment after a
spontancous first episode of deep venous thrombo-
sis.25 That study failed to find an association between
factor V Leiden and recurrent thromboembolism.
Our results also support the use of thorough screen-
ing for thrombophilia in patients with deep venous
thrombosis, because a finding of heterozygosity for
both factor V Leiden and the G20210A prothrom-
bin mutation should prompt lifelong treatment with
oral anticoagulants. Such a recommendation appears
to apply in particular to patients in whom the first
episode of deep venous thrombosis occurred in the
absence of transient risk factors. Prospective cohort
studies are needed to confirm our findings.

REFERENCES

1. Bertina RM, Koeleman BPC, Koster T, et al. Mutation in blood coag-
ulation factor V associated with resistance to activated protein C. Nature
1994;369:64-7.

2. De Stefano V, Chiusolo P, Paciaroni K, Leone G. Epidemiology of factor
V Leiden: clinical implications. Semin Thromb Hemost 1998;24:367-79.
3. Rosendaal FR, Koster T, Vandenbroucke JP, Reitsma PH. High risk of
thrombosis in patients homozygous for factor V Leiden. Blood 1995;85:
1504-8.

4. Ridker PM, Miletich JP, Stampfer MJ, Goldhaber SZ, Lindpaintner K,
Hennekens CH. Factor V Leiden and risks of recurrent idiopathic venous
thromboembolism. Circulation 1995;92:2800-2.

5. Simioni P, Prandoni P, Lensing AWA, et al. The risk of recurrent venous
thromboembolism in patients with an Arg5°¢ - Gln mutation in the gene
for factor V (factor V Leiden). N Engl ] Med 1997;336:399-403.

6. Rintelen C, Pabinger I, Knobl P, Lechner K, Mannhalter C. Probability
of recurrence of thrombosis in patients with and without factor V Leiden.
Thromb Haemost 1996;75:229-32.

7. 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.

8. 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 prothrom-
bin gene. Thromb Haemost 1999;81:684-9.

9. Poort SR, Rosendaal FR, Reitsma PH, Bertina RM. A common genetic
variation in the 3'-untranslated region of the prothrombin gene is associ-
ated with elevated plasma prothrombin levels and an increase in venous
thrombosis. Blood 1996;88:3698-703.

10. Rosendaal FR, Doggen CJM, Zivelin A, et al. Geographic distribution
of the 20210 G to A prothrombin variant. Thromb Haemost 1998;79:
706-8.

11. Hillarp A, Zoller B, Svensson PJ, Dahlback B. The 20210 A allele of
the prothrombin gene is a common risk factor among Swedish outpatients
with verified deep venous thrombosis. Thromb Haemost 1997;78:990-2.
12. Leroyer C, Mercier B, Oger E, et al. Prevalence of the 20210 A allele
of the prothrombin gene in venous thromboembolism patients. Thromb
Haemost 1998;80:49-51.

13. Margaglione M, Brancaccio V, Giuliani N, et al. Increased risk for
venous thrombosis in carriers of the prothrombin G - A20210 gene variant.
Ann Intern Med 1998;129:89-93.

14. De Stefano V, Chiusolo P, Paciaroni K, et al. Prevalence of the factor
II G20210A mutation in symptomatic patients with inherited thrombo-
philia. Thromb Haemost 1998;80:342-3.

15. Ehrenforth S, Ludwig G, Klinke S, Krause M, Scharrer I, Nowak-
Gottl U. The prothrombin 20210 A allele is frequently coinherited in
young carriers of the factor V Arg 506 to Gln mutation with venous
thrombophilia. Blood 1998;91:2209-10.

16. Zoller B, Svensson PJ, Dahlback B, Hillarp A. The A20210 allele of

Volume 341 Number 11 - 805

Downloaded from www.nejm.org on November 24, 2009 . For personal use only. No other uses without permission.
Copyright © 1999 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

the prothrombin gene is frequently associated with the factor V Arg 506
to Gln mutation but not with protein S deficiency in thrombophilic fami-
lies. Blood 1998;91:2210-1.

17. Makris M, Preston FE, Beauchamp NJ, et al. Co-inheritance of the
20210A allele of the prothrombin gene increases the risk of thrombosis
in subjects with familial thrombophilia. Thromb Haemost 1997;78:1426-
9.

18. De Stefano V, Finazzi G, Mannucci PM. Inherited thrombophilia: patho-
genesis, clinical syndromes, and management. Blood 1996;87:3531-44.

19. Kaplan EL, Meier P. Nonparametric estimation from incomplete ob-
servations. ] Am Stat Assoc 1958;53:457-81.

20. Simon R. Confidence intervals for reporting results of clinical trials.
Ann Intern Med 1986;105:429-35.

21. Prandoni P, Lensing AWA, Cogo A, et al. The long-term clinical
course of acute deep venous thrombosis. Ann Intern Med 1996;125:1-
7.

22. Lane DA, Mannucci PM, Bauer KA, et al. Inherited thrombophilia.

806 - Scptember 9, 1999

Thromb Haemost 1996;76:824-34. [ Erratum, Thromb Haemost 1997;77:
1047.]

23. Guidelines on oral anticoagulation: third edition. Br ] Haematol 1998;
101:374-87.

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

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

26. Ridker PM, Hennekens CH, Selhub J, Miletich JP, Malinow MR,
Stampfer MJ. Interrelation of hyperhomocyst(e)inemia, factor V Leiden, and
risk of future venous thromboembolism. Circulation 1997;95:1777-82.

27. Eichinger S, Minar E, Hirschl M, et al. The risk of early recurrent
venous thromboembolism after oral anticoagulant therapy in patients with
the G20210A transition in the prothrombin gene. Thromb Haemost 1999;
81:14-7.

Downloaded from www.nejm.org on November 24, 2009 . For personal use only. No other uses without permission.
Copyright © 1999 Massachusetts Medical Society. All rights reserved.



