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A BS T R AC T
Background

About 20% of patients with unprovoked venous thromboembolism have a recurrence within 2 years after the withdrawal of oral anticoagulant therapy. Extending
anticoagulation prevents recurrences but is associated with increased bleeding. The
benefit of aspirin for the prevention of recurrent venous thromboembolism is unknown.
Methods

In this multicenter, investigator-initiated, double-blind study, patients with first-ever
unprovoked venous thromboembolism who had completed 6 to 18 months of oral
anticoagulant treatment were randomly assigned to aspirin, 100 mg daily, or
placebo for 2 years, with the option of extending the study treatment. The primary
efficacy outcome was recurrence of venous thromboembolism, and major bleeding
was the primary safety outcome.
Results

Venous thromboembolism recurred in 28 of the 205 patients who received aspirin
and in 43 of the 197 patients who received placebo (6.6% vs. 11.2% per year; hazard
ratio, 0.58; 95% confidence interval [CI], 0.36 to 0.93) (median study period,
24.6 months). During a median treatment period of 23.9 months, 23 patients taking aspirin and 39 taking placebo had a recurrence (5.9% vs. 11.0% per year; hazard
ratio, 0.55; 95% CI, 0.33 to 0.92). One patient in each treatment group had a major
bleeding episode. Adverse events were similar in the two groups.
Conclusions

Aspirin reduced the risk of recurrence when given to patients with unprovoked
venous thromboembolism who had discontinued anticoagulant treatment, with
no apparent increase in the risk of major bleeding. (Funded by the University of
Perugia and others; WARFASA ClinicalTrials.gov number, NCT00222677.)
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he risk of recurrence of venous
thromboembolism persists for many years
after anticoagulant treatment is withdrawn.1,2 This risk is particularly high among
patients with unprovoked venous thromboembolism,2 about 20% of whom have a recurrence
within 2 years after treatment with vitamin K
antagonists has been discontinued.3-6 Extending
treatment with these agents reduces the risk of
recurrence but is associated with an increased
risk of bleeding, as well as the inconvenience and
expense of laboratory monitoring and dose adjustments.7
The role of aspirin in the primary prevention
of venous thromboembolism has been evaluated
in various clinical settings.8-11 In these studies,
aspirin was associated with a risk reduction
ranging from 20 to 50%. A potential benefit
from antiplatelet therapy in the secondary prevention of venous thromboembolism first became
evident with the results of a randomized study
involving only 39 patients.12
The aim of the Aspirin for the Prevention of
Recurrent Venous Thromboembolism (the Warfarin and Aspirin [WARFASA]) study was to assess
the clinical benefit of aspirin for the prevention
of recurrence after a course of treatment with
vitamin K antagonists in patients with unprovoked
venous thromboembolism.

Me thods
Patients

of

m e dic i n e

100 mg once daily, or placebo for 2 years, with
the option of extending the study treatment.
Randomization occurred within 2 weeks after
vitamin K antagonists had been withdrawn.
Outcome Measures

All suspected study outcome events were assessed
by a central, independent adjudication committee whose members were unaware of the group
assignments and who reviewed the imaging results. The primary efficacy outcome was symptomatic, objectively confirmed recurrence of venous thromboembolism, defined as the composite
of deep-vein thrombosis or nonfatal or fatal pulmonary embolism.13,14 (Criteria for the diagnosis
of recurrence are provided in the Supplementary
Appendix.) Pulmonary embolism was considered
to be the cause of death if it was confirmed on
autopsy or if death was preceded by a diagnosis
of either pulmonary embolism (objectively confirmed on computed tomography or lung scanning) or deep-vein thrombosis (objectively confirmed on compression ultrasonography) and
whenever the cause could not be attributed to an
alternative diagnosis.15 Deaths were classified as
being due to pulmonary embolism, bleeding, or
other causes. Secondary efficacy outcomes included nonfatal myocardial infarction, unstable angina, stroke, transient ischemic attack, acute ische
mia of the lower limbs, and death from any cause.
The principal safety outcome was major bleeding. An overt bleeding event was defined as major
if it was fatal, occurred in a critical location
(intracranial, intraspinal, intraocular, retroperitoneal, intraarticular, pericardial, or intramuscular
[leading to a compartment syndrome]), or was
associated with a decrease in the hemoglobin
level of at least 2.0 g per deciliter or required a
transfusion of 2 or more units of whole blood or
red cells. Clinically relevant, nonmajor bleeding,
defined as any overt bleeding that required a
medical intervention and did not meet any of the
criteria for major bleeding, was a secondary
safety outcome.

Patients older than 18 years of age were eligible
for the study if they had been treated for 6 to 18
months with vitamin K antagonists (with a target
international normalized ratio [INR] of 2.0 to 3.0)
for first-ever, objectively confirmed, symptomatic, unprovoked proximal deep-vein thrombosis,
pulmonary embolism, or both. Venous thromboembolism was considered to be unprovoked
when it occurred in the absence of any known
risk factor for this event. The main exclusion criteria can be found in the Supplementary Appendix, available with the full text of this article at
Surveillance and Follow-up
NEJM.org.
Patients were reexamined every 3 months durStudy Design and Intervention
ing the first year after randomization and every
WARFASA was a multicenter, investigator-initiat- 6 months thereafter. Patients were instructed to
ed, randomized, double-blind clinical trial. Eli- report to the study center immediately if they had
gible patients were randomly assigned to aspirin, symptoms suggestive of recurrent venous throm-
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boembolism or bleeding complications. In cases the placebo group, we calculated that we would
of suspected recurrence, objective testing was re- need to enroll 400 patients (200 in each study
quired.
group) to observe the expected number of events.
The primary efficacy analysis, which considStudy Oversight
ered all outcome events occurring from randomThe study was designed by the members of the ization to the end of the study, was performed
steering committee. Data were collected, main- according to a modified intention-to-treat printained, and analyzed by the Clinical Research ciple, with all patients who received at least one
Unit of the University of Perugia, Italy. The pro- dose of the assigned study drug after randomizatocol and amendments were approved by the in- tion included in the analysis. An “on-treatment”
stitutional review board or ethics committee at efficacy analysis was also performed, in which
each study center. During the course of the study, recurrences were included if they took place durtwo substantial protocol amendments were made ing the treatment period or within 2 days after
and submitted to the ethics committees in May its withdrawal. Event rates are reported as pro2009 and December 2009. The first of these portions of patients per year. Hazard ratios,
amendments reflected the change to an event- confidence intervals, and P values were calcudriven design, and the second reflected the lated with the use of Cox proportional-hazards
change of the primary study end point to venous models and SPSS statistical software, version
thromboembolism only. These changes were 11.0, with treatment as the only covariate.
A Cox proportional-hazards model analysis
made so that the study design would be consistent with that of contemporary trials of extended was also performed with adjustment for age, sex,
treatment for venous thromboembolism (i.e., the type of index event (pulmonary embolism or
EINSTEIN-Extension study [ClinicalTrials.gov deep-vein thrombosis), and duration of anticoagnumber, NCT00439725] and the RE-SONATE ulant treatment before randomization (6 months
study [NCT00558259]). The study was performed or >6 months).
The safety analysis included all patients who
in accordance with the protocol and with the
provisions of the Declaration of Helsinki and received at least one dose of the study drug.
local regulations. (The protocol and statistical Bleeding events were included in the analyses if
analysis plan are available at NEJM.org.) Written they occurred during the period of administrainformed consent was obtained from all patients tion of the study drug or within 2 days after its
before randomization.
discontinuation.
The steering committee had final responsibility for verification and analyses of the data. The
R e sult s
writing committee wrote the manuscript and
vouches for the accuracy and completeness of Patients and Study Treatment
the reported data. All authors contributed to the From May 2004 through August 2010, a total of
interpretation of the results, approved the final 403 patients were randomly assigned to a study
version of the manuscript, and made the decision group; 205 patients received aspirin, 197 received
to submit the manuscript for publication. The placebo, and 1 patient, who was assigned to the
study was supported by a grant-in-aid from Bayer placebo group, did not receive the study drug
HealthCare. Aspirin and placebo tablets were (Fig. 1). The median period during which the pasupplied by Bayer HealthCare. Bayer played no tients participated in the study was 24.8 months
role in the design of the study, in data collection in the aspirin group and 24.2 months in the placebo group. The study drug was discontinued
or analysis, or in manuscript preparation.
prematurely in 16 patients given aspirin and in
Statistical Analysis
15 patients given placebo (Fig. 1). Since the end
Assuming a 40% relative risk reduction with as- of the study was event-driven, the duration of
pirin,8-11 a total of 70 events would provide a treatment was shorter than the intended 2 years
power of 80% to show the superiority of aspirin for 10 patients in the aspirin group (4.9%) and for
over placebo at a two-sided alpha level of 0.05. 11 patients in the placebo group (5.6%); the treatWith an expected event rate of 8.0% per year in ment period was extended beyond 2 years in 58

n engl j med 366;21

nejm.org

may 24, 2012

1961

The New England Journal of Medicine
Downloaded from nejm.org at RAMBAM HEALTH CARE CAMPUS on May 25, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

The

n e w e ng l a n d j o u r na l

of

m e dic i n e

403 Patients underwent randomization

205 Were assigned to receive aspirin

198 Were assigned to receive placebo

1 Did not receive study treatment

205 Received aspirin

197 Received placebo

10 Withdrew consent
13 Had new indication for aspirin
3 Had new indication other than
VTE for vitamin K antagonists
3 Were lost to follow-up
7 Had adverse events

9 Withdrew consent
8 Had new indication for aspirin
2 Had new indication other than
VTE for vitamin K antagonists
4 Were lost to follow-up
6 Had adverse events

205 Were included in the efficacy and
safety analysis

197 Were included in the efficacy and
safety analysis

Figure 1. Enrollment and Randomization.
Adverse events were presumed to be drug-related. VTE denotes venous thromboembolism.

patients and 55 patients in the two groups, respectively. The median duration of the study treatment
was 24.0 months for the aspirin group and 23.5
months for the placebo group. Three patients in
the aspirin group (1.4%) and 4 patients in the
placebo group (2.0%) were lost to follow-up.
There were no significant between-group differences in baseline characteristics of the patients
(Table 1).
Recurrent Venous Thromboembolism

A recurrence of venous thromboembolism occurred in 71 patients (8.6% patients per year).
Recurrent venous thromboembolism was due to
deep-vein thrombosis in 44 patients (ipsilateral
in 51% of cases) and to pulmonary embolism in
27 patients (fatal in 2 patients). In 77% of cases,
recurrence took place in the absence of any
known risk factor for venous thromboembolism.
A recurrence in the form of pulmonary embolism
was more common among the patients who entered the study because of prior pulmonary embolism than among those who entered because
of deep-vein thrombosis (12.7% vs. 3.2%; hazard
ratio, 5.52; 95% confidence interval [CI], 2.29 to
13.30; P<0.001).
1962
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The primary prespecified outcome, recurrence
of venous thromboembolism, occurred in 28 of
the 205 patients who received aspirin, as compared with 43 of the 197 patients who received
placebo (6.6% vs. 11.2% per year; hazard ratio,
0.58; 95% CI, 0.36 to 0.93; P = 0.02) (Fig. 2A).
While taking the study drug, 23 patients in
the aspirin group had a recurrence, as compared
with 39 patients in the placebo group (5.9% vs.
11.0% per year; hazard ratio, 0.55; 95% CI, 0.33
to 0.92; P = 0.02) (Fig. 2B). Exploratory, post hoc
subgroup analyses revealed that 11 of 83 patients in the aspirin group who entered the study
because of pulmonary embolism had a recurrent
event, as compared with 16 of 67 patients in the
placebo group (6.7% vs. 13.5% per year; hazard
ratio, 0.38; 95% CI, 0.17 to 0.88; P = 0.02). Among
the patients who entered the study because of
deep-vein thrombosis, 17 of 122 in the aspirin
group and 27 of 130 in the placebo group had a
recurrent event (6.5% and 10.2% per year, respectively; hazard ratio, 0.65; 95% CI, 0.65 to 1.20;
P = 0.17).
An analysis adjusted for age, sex, index event
(pulmonary embolism or deep-vein thrombosis),
and duration of initial anticoagulant treatment
nejm.org
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confirmed that aspirin treatment reduced the risk
of recurrence (adjusted hazard ratio, 0.53; 95% CI,
0.32 to 0.85; P = 0.009) (Fig. 2C). Independent risk
factors for recurrent venous thromboembolism
included an age of more than 65 years (hazard
ratio, 2.26; 95% CI, 1.16 to 4.41; P = 0.02) and
male sex (hazard ratio, 2.02; 95% CI, 1.16 to 3.49;
P = 0.01). No association was found between recurrent venous thromboembolism and prior anticoagulant therapy lasting for 6 months, as compared with a more extended duration (hazard
ratio, 1.21; 95% CI, 0.73 to 1.99; P = 0.46), or between recurrence and pulmonary embolism as the
index event (hazard ratio, 1.31; 95% CI, 0.79 to
2.15; P = 0.29).

Table 1. Demographic and Clinical Characteristics of the Patients,
According to Study Group.*
Aspirin
(N = 205)

Characteristic

Placebo
(N = 197)

Age — yr

61.9±15.3

62.1±15.1

Male sex — no. (%)

135 (65.8)

122 (61.9)

Body-mass index†

27.1±4.0

27.5±3.8

203 (99.0)

195 (98.9)

Deep-vein thrombosis

122 (59.5)

130 (65.9)

Pulmonary embolism

83 (40.5)

67 (34.1)

6 mo

76 (37.1)

62 (31.5)

Hemorrhagic Complications

12 mo

111 (54.1)

112 (56.8)

There were two episodes of nonfatal major bleeding: one due to gastric ulcer in a patient in the
placebo group and one due to bowel angiodysplasia in a patient in the aspirin group. Clinically
relevant, nonmajor bleeding occurred in three
patients who were randomly assigned to aspirin
(gingival bleeding in one patient and cutaneous
hematomas in two patients) and in three patients
who were randomly assigned to placebo (musculoskeletal bleeding after trauma in two and hemorrhagic gastritis in one).

18 mo

18 (8.8)

23 (11.7)

White race — no. (%)‡
Index event — no. (%)

Duration of VKA treatment before randomization — no. (%)

* Plus–minus values are means ±SD. VKA denotes vitamin K antagonist.
† The body-mass index is the weight in kilograms divided by the square of the
height in meters.
‡ Race was self-reported.

tients in the aspirin group and in three patients
in the placebo group, and an indication for anticoagulant therapy other than recurrent venous
thromboembolism occurred in three patients and
in two patients in the two groups, respectively.

Secondary Outcome Events

Death occurred in six patients in the aspirin
group (1.4% per year) and in five patients in the
placebo group (1.3% per year) (Table 2). Sudden
death occurred in two patients (one in each
group), and both deaths were adjudicated as being the result of pulmonary embolism. In addition, four patients died from cancer and five from
other causes. Arterial events occurred in eight
patients in the aspirin group and in five patients
in the placebo group (1.9% and 1.3% per year,
respectively) (Table 2).
Additional Observations

Five patients had an adverse event that was considered to be due to the study treatment and led
to discontinuation of the drug. These events were
gastric pain in three patients (one in the aspirin
group and two in the placebo group), a cutaneous
reaction in one aspirin-treated patient, and renal
failure in another aspirin-treated patient.
An indication for antiplatelet therapy other
than an acute arterial event occurred in five pan engl j med 366;21

Discussion
The WARFASA study shows that in patients with
unprovoked venous thromboembolism, aspirin
therapy, begun after 6 to 18 months of oral anticoagulant treatment, reduces the rate of recurrence by about 40%, as compared with placebo.
This benefit is achieved with no apparent increase in the risk of major bleeding.
Patients with unprovoked venous thromboembolism are at high risk for recurrence after
oral anticoagulant treatment is withdrawn.3-6
Extending anticoagulant therapy reduces the risk
of recurrence but only as long as the treatment
is continued.3,5,16 In clinical practice, anticoagulant therapy is generally discontinued when the
perceived risk of bleeding or the inconvenience
of continuing anticoagulant treatment outweighs
the risk of recurrence. Our study shows that
aspirin therapy is a potential alternative to extended oral anticoagulant treatment for the longterm secondary prevention of venous thromboembolism.
nejm.org
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Figure 2. Risk of Recurrence of Venous Thromboembolism
in Patients Randomly Assigned to Aspirin or Placebo.
Panel A shows the cumulative risk of recurrent venous
thromboembolism during the entire study period, and
Panel B shows the risk during treatment. Panel C shows
the results of an analysis of risk during the study period
after adjustment for age, sex, index event (pulmonary
embolism or deep-vein thrombosis), and duration of
anticoagulant therapy.
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The reduction in the risk of recurrence of
venous thromboembolism that was observed with
aspirin treatment in our study is consistent with
the reduction shown in previous studies evaluating aspirin for the primary prevention of venous
thromboembolism.8-11 In the meta-analysis performed by the Antiplatelet Trialists’ Collaboration, aspirin reduced the incidence of deep-vein
thrombosis by 20% and that of pulmonary embolism by 69% in patients at high risk for
thromboembolic events.8 However, more recent
data showed no effect of aspirin in the prevention of venous thromboembolism among healthy
women.17 The efficacy of antiplatelet therapy in
the secondary prevention of venous thromboembolism was suggested in a small study that compared aspirin plus dipyridamole with placebo.12
The efficacy of aspirin for primary or secondary prevention of venous thromboembolism is biologically plausible because of the involvement of
platelets in the formation of venous thrombi18-20
and the increased levels of markers of platelet21,22
and endothelial23 activation in patients with venous thromboembolism.
As compared with placebo, aspirin was not
associated with an increase in the rate of major
bleeding, which was about 0.3% per patient-year
in both study groups. We used the dose of aspirin recommended for the secondary prevention of
cardiovascular or cerebrovascular events. In randomized trials of low-dose aspirin in various
clinical settings, the incidence of major intracranial or extracranial bleeding was lower than 1%
per year.24 The rate of major bleeding with warfarin for the long-term treatment of venous
thromboembolism is estimated to be about 2%25
with the conventional regimen (INR, 2.0 to 3.0).
In two studies of a low-intensity warfarin regi-
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Table 2. Outcome Events According to Study Group.*
Aspirin
(N = 205)

Event

Placebo
(N = 197)

Hazard Ratio
(95% CI)

P Value

number of events
Recurrent VTE
Total episodes

28

43

0.58 (0.36–0.93)

0.02

Pulmonary embolism

11

14

0.70 (0.32–1.54)

0.37

1

1

Fatal pulmonary embolism
Deep-vein thrombosis

16

28

0.51 (0.27–0.94)

0.03

Episodes during treatment

23

39

0.55 (0.33–0.92)

0.02

4

4

0.98 (0.24–3.96)

0.97

Bleeding
Major bleeding or clinically relevant nonmajor bleeding
Major bleeding

1

1

Clinically relevant nonmajor bleeding

3

3

Death
Recurrent VTE or death
Arterial event

6

5

1.04 (0.32–3.42)

0.95

33

47

0.62 (0.40–0.97)

0.04

1.43 (0.47–4.37)

0.53

0.67 (0.43–1.03)

0.06

8†

Recurrent VTE or arterial event

36

5‡
48

* CI denotes confidence interval, and VTE venous thromboembolism.
† These events included two acute myocardial infarctions (after discontinuation of the study drug), two episodes of unstable angina, two ischemic strokes, one transient ischemic attack, and one episode of acute lower-limb ischemia.
‡ These events included two acute myocardial infarctions (after discontinuation of the study drug), one ischemic stroke,
and two episodes of acute lower-limb ischemia.

men for extended treatment of venous thromboembolism, the rates of major bleeding were 0.9%
per patient-year26 and 1.1% per patient-year.27 It
should be noted that the risk of major bleeding
with aspirin therapy may be greater in real-world
populations.
Since patients were excluded from our study
if they had cancer, clinically significant thrombophilia, or a bleeding event during the period
of anticoagulant treatment, the results are not
applicable to these groups. However, we estimate that a substantial proportion (probably the
majority) of patients with an initial episode of
venous thromboembolism would be eligible for
aspirin therapy as secondary prevention.
The oral thrombin inhibitor dabigatran28,29
and the oral factor Xa inhibitor rivaroxaban30
were recently evaluated for the extended treatment of venous thromboembolism. As compared
with placebo, these agents reduced the risk of
recurrent venous thromboembolism by more than
80%. An advantage of these agents over vitamin K

n engl j med 366;21

antagonists is that they do not require laboratory monitoring and dose adjustments. As expected, the reduction in the risk of recurrence is
lower with aspirin than with these new oral
agents. All the available antithrombotic strategies for extended treatment of venous thromboembolism have been compared with placebo. The
place of aspirin among these strategies remains
to be defined in future studies. However, aspirin
is low in cost and its side effects are well known,
since its safety has been assessed over the years
in millions of patients.24
Low-intensity warfarin was evaluated for the
extended treatment of venous thromboembolism
and was found to be associated with a 64% reduction in risk, as compared with placebo.26
However, this warfarin regimen still requires
laboratory monitoring and dose adjustments.
Our study has several limitations. As in the
majority of investigator-initiated studies, the recruitment of patients was slower than planned.
Indeed, this study took about 6 years to be com-
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pleted. Furthermore, it was underpowered for
showing an effect of aspirin on the incidence of
ischemic heart disease or cerebrovascular disease, both of which are reported to be common
among patients with unprovoked venous thromboembolism.31,32 In addition, patients with symptomatic atherosclerosis were not included in our
study. Thus, our results may not apply to patients who require aspirin for the prevention of
arterial events.33
Our study also has several strengths. It was
a randomized, placebo-controlled, double-blind
study, with independent adjudication of outcomes.
The study treatment lasted for about 2 years —
significantly longer than that in recent studies
of extended treatment for venous thromboembolism.28-30 All patients who received at least one
dose of the study drug after randomization were
included in the primary efficacy analysis. The
results of the on-treatment analysis were consistent with those of the primary study analysis.
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We conclude that aspirin, when given after
anticoagulant treatment in patients with unprovoked venous thromboembolism, is effective in
preventing recurrence, with no apparent increase
in the risk of major bleeding.
Supported by the University of Perugia, a grant-in-aid from
Bayer HealthCare, and an Aventis Fellowship for Clinical Research from the International Society of Thrombosis and Haemostasis (to Dr. Becattini).
Dr. Agnelli reports receiving consulting fees from Bayer
HealthCare, Boehringer Ingelheim, and Daiichi Sankyo and
lecture fees from Bayer HealthCare, Bristol-Myers Squibb, and
Sanofi-Aventis; Dr. Eichinger, board memberships from Bayer
and Boehringer Ingelheim and lecture fees from Bayer, Boehringer
Ingelheim, Pfizer, and Sanofi-Aventis; and Dr. Ageno, board
memberships from Bristol-Myers Squibb, Pfizer, and Bayer
Schering Pharma and lecture fees from GlaxoSmithKline,
Sanofi-Aventis, Bayer Schering Pharma, Bristol-Myers Squibb,
Pfizer, and Boehringer Ingelheim. No other relevant conflict of
interest relevant to this article was reported.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
We thank the nursing staff of the participating centers for
their enthusiastic cooperation and the patients who participated
in the study for their trust and support.

References
1. Schafer AI. Venous thrombosis as a

chronic disease. N Engl J Med 1999;340:
955-6.
2. Prandoni P, Lensing AW, Cogo A, et al.
The long-term clinical course of acute
deep venous thrombosis. Ann Intern Med
1996;125:1-7.
3. Schulman S, Rhedin A-S, Lindmarker P,
et al. A comparison of six weeks with six
months of oral anticoagulant therapy after
a first episode of venous thromboembolism. N Engl J Med 1995;332:1661-5.
4. Agnelli G, Prandoni P, Santamaria MG,
et al. Three months versus one year of oral
anticoagulant therapy for idiopathic deep
venous thrombosis. N Engl J Med 2001;
345:165-9.
5. 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.
[Erratum, N Engl J Med 1999;341:298.]
6. Agnelli G, Prandoni P, Becattini C, et al.
Extended oral anticoagulant therapy after
a first episode of pulmonary embolism.
Ann Intern Med 2003;139:19-25.
7. Kearon C, Kahn SR, Agnelli G, et al.
Antithrombotic therapy for venous thromboembolic disease: American College of
Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition). Chest
2008;133:Suppl:454S-545S. [Erratum, Chest
2008;134:892.]
8. Antiplatelet Trialists’ Collaboration.
Collaborative overview of randomised trials of antiplatelet therapy. III. Reduction
in venous thrombosis and pulmonary em-

1966

bolism by antiplatelet prophylaxis among
surgical and medical patients. BMJ 1994;
308:235-46.
9. Prevention of pulmonary embolism
and deep vein thrombosis with low dose
aspirin: Pulmonary Embolism Prevention
(PEP) trial. Lancet 2000;355:1295-302.
10. European Stroke Prevention Study 2
Group. Efficacy and safety data. 6. Secondary endpoints. J Neurol Sci 1997;151:Suppl:
S27-S37.
11. Grady D, Wenger NK, Herrington D,
et al. Postmenopausal hormone therapy
increases risk for venous thromboembolic
disease: the Heart and Estrogen/progestin
Replacement Study. Ann Intern Med 2000;
132:689-96.
12. Steele P. Trial of dipyridamole-aspirin
in recurring venous thrombosis. Lancet
1980;2:1328-9.
13. Prandoni P, Cogo A, Bernardi E, et al.
A simple ultrasound approach for detection of recurrent proximal-vein thrombosis. Circulation 1993;88:1730-5.
14. Prandoni P, Lensing AW, Bernardi E,
Villalta S, Bagatella P, Girolami A. The
diagnostic value of compression ultrasonography in patients with suspected recurrent deep vein thrombosis. Thromb
Haemost 2002;88:402-6.
15. Douketis JD, Gu CS, Schulman S,
Ghirarduzzi A, Pengo V, Prandoni P. The
risk for fatal pulmonary embolism after
discontinuing anticoagulant therapy for
venous thromboembolism. Ann Intern
Med 2007;147:766-74.
16. Boutitie F, Pinede L, Schulman S, et al.
Influence of preceding length of antico-

n engl j med 366;21

nejm.org

agulant treatment and initial presentation of venous thromboembolism on risk
of recurrence after stopping treatment:
analysis of individual participants’ data
from seven trials. BMJ 2011;342:d3036.
17. Glynn RJ, Ridker PM, Goldhaber SZ,
Buring JE. Effect of low-dose aspirin on
the occurrence of venous thromboembolism: a randomized trial. Ann Intern Med
2007;147:525-33.
18. Sevitt S. The structure and growth of
valve-pocket thrombi in femoral veins.
J Clin Pathol 1974;27:517-28.
19. Wang X, Hsu MY, Steinbacher TE,
Monticello TM, Schumacher WA. Quantification of platelet composition in experimental venous thrombosis by real-time
polymerase chain reaction. Thromb Res
2007;119:593-600.
20. Del Conde I, Shrimpton CN, Thiagarajan P, López JA. Tissue-factor-bearing
microvesicles arise from lipid rafts and
fuse with activated platelets to initiate coagulation. Blood 2005;106:1604-11.
21. Vesterqvist O, Gréen K, Johnsson H.
Thromboxane and prostacyclin formation
in patients with deep vein thrombosis.
Thromb Res 1987;45:393-402.
22. Klotz TA, Cohn LS, Zipser RD. Urinary
excretion of thromboxane B2 in patients
with venous thromboembolic disease.
Chest 1984;85:329-35.
23. Chirinos JA, Heresi GA, Velasquez H,
et al. Elevation of endothelial microparticles, platelets, and leukocyte activation in
patients with venous thromboembolism.
J Am Coll Cardiol 2005;45:1467-71.
24. Patrono C, Baigent C, Hirsh J, Roth G.

may 24, 2012

The New England Journal of Medicine
Downloaded from nejm.org at RAMBAM HEALTH CARE CAMPUS on May 25, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

Aspirin to Prevent Recurrent Thromboembolism
Antiplatelet drugs: American College of
Chest Physicians Evidence-Based Clinical
Practice Guidelines (8th Edition). Chest
2008;133:Suppl:199S-233S.
25. Linkins LA, Choi PT, Douketis JD.
Clinical impact of bleeding in patients
taking oral anticoagulant therapy for with
venous thromboembolism: a meta-analysis. Ann Intern Med 2003;139:893-900.
26. Ridker PM, Goldhaber SZ, Danielson E,
et al. Long-term, low-intensity warfarin
therapy for the prevention of recurrent
venous thromboembolism. N Engl J Med
2003;348:1425-34.
27. Kearon C, Ginsberg JS, Kovacs MJ, et al.
Comparison of low-intensity warfarin therapy with conventional-intensity warfarin

therapy for long-term prevention of recurrent venous thromboembolism. N Engl J
Med 2003;349:631-9.
28. Schulman S, Eriksson H, Goldhaber
SZ, et al. Dabigatran or warfarin for extended maintenance therapy of venous thromboembolism. J Thromb Haemost 2011;9:
Suppl 2:731-2. abstract.
29. Schulman S, Baanstra D, Eriksson H,
et al. Dabigatran vs. placebo for extended
maintenance therapy of venous thromboembolism. J Thromb Haemost 2011;9:
Suppl 2:22. abstract.
30. The EINSTEIN Investigators. Oral rivaroxaban for symptomatic venous thromboembolism. N Engl J Med 2010;363:2499510.

n engl j med 366;21

nejm.org

31. Becattini C, Agnelli G, Prandoni P, et al.

A prospective study on cardiovascular
events after acute pulmonary embolism.
Eur Heart J 2005;26:77-83.
32. Prandoni P, Ghirarduzzi A, Prins MH,
et al. Venous thromboembolism and the
risk of subsequent symptomatic atherosclerosis. J Thromb Haemost 2006;4:1891-6.
33. Sørensen HT, Horvath-Puho E, Søgaard
KK, et al. Arterial cardiovascular events,
statins, low-dose aspirin and subsequent
risk of venous thromboembolism: a population-based case-control study. J Thromb
Haemost 2009;7:521-8.
Copyright © 2012 Massachusetts Medical Society.

may 24, 2012

1967

The New England Journal of Medicine
Downloaded from nejm.org at RAMBAM HEALTH CARE CAMPUS on May 25, 2012. For personal use only. No other uses without permission.
Copyright © 2012 Massachusetts Medical Society. All rights reserved.

