
Venous thromboembolism is a common, potentially
fatal, yet treatable, condition. The risk of a recurrent
venous thromboembolic event after 3–6 months of

oral anticoagulant therapy varies. Some groups of patients
(e.g., those who had a venous thromboembolism after sur-
gery) have a very low annual risk of recurrence (< 1%),1 and
they can safely discontinue anticoagulant therapy.2 How-
ever, among patients with an unprovoked thromboembolism
who discontine anticoagulation therapy after 3–6 months,
the risk of a recurrence in the first year is 5%–27%.3-6 In the
second year, the risk is estimated to be 5%,3 and it is esti-
mated to be 2%–3.8% for each subsequent year.5,7 The case-
fatality rate for recurrent venous thromboembolism is be-
tween 5% and 13%.8,9 Oral anticoagulation therapy is very
effective for reducing the risk of recurrence during therapy
(> 90% relative risk [RR] reduction);3,4,10,11 however, this
benefit is lost after therapy is discontinued.3,10,11 The risk of
major bleeding with ongoing oral anticoagulation therapy
among venous thromboembolism patients is 0.9–3.0% per
year,3,4,6,12 with an estimated case-fatality rate of 13%.13

Given that the long-term risk of fatal hemorrhage appears to
balance the risk of fatal recurrent pulmonary embolism among
patients with an unprovoked venous thromboembolism, clini-
cians are unsure if continuing oral anticoagulation therapy be-
yond 6 months is necessary.2,14 Identifying subgroups of patients
with an annual risk of less than 3% will help clinicians decide
which patients can safely discontinue anticoagulant therapy. 

Marc A. Rodger MD MSc, Susan R. Kahn MD MSc, Philip S. Wells MD MSc, David A. Anderson MD,
Isabelle Chagnon MD, Grégoire Le Gal MD PhD, Susan Solymoss MD, Mark Crowther MD, 
Arnaud Perrier MD, Richard White MD, Linda Vickars MD, Tim Ramsay PhD MSc, 
Marisol T. Betancourt MD MSc, Michael J. Kovacs MD

@@ See related commentary by Kearon, page 401

Identifying unprovoked thromboembolism patients at low risk
for recurrence who can discontinue anticoagulant therapy

From the Thrombosis Program, Division of Hematology, Department of
Medicine (Rodger, Wells, Ramsay, Betancourt), University of Ottawa; Clini-
cal Epidemiology Unit, Ottawa Health Research Institute (Rodger, Wells,
Ramsay, Betancourt), The Ottawa Hospital, Ottawa, Ont.; Department of
Medicine (Kahn, Solymoss), McGill University, Montréal, Que.; Centre for
Clinical Epidemiology and Community Studies (Kahn), Jewish General Hospi-
tal, Montréal, Que.; Department of Medicine (Anderson), Dalhousie Univer-
sity, Halifax, NS; Department of Medicine, Hôpital du Sacré-Coeur de Mon-
tréal (Chagnon), University of Montreal, Montréal, Que.; University Hospital
and the Department of Internal Medicine and Chest Diseases (Le Gal), Brest,
France; Department of Medicine, Michael G. DeGroote School of Medicine
(Crowther), McMaster University, Hamilton, Ont.; Department of Internal
Medicine, Geneva University Hospital, and the Faculty of Medicine (Perrier),
Geneva, Switzerland; Department of Medicine, UC Davis School of Medicine
(White), Sacramento, Calif.; Department of Medicine, St. Paul’s Hospital
(Vickars), University of British Columbia, Vancouver, BC; Division of Hema-
tology, Department of Medicine (Kovacs), University of Western Ontario,
London, Ont.

CMAJ Research

Background: Whether to continue oral anticoagulant ther-
apy beyond 6 months after an “unprovoked” venous
thromboembolism is controversial. We sought to deter-
mine clinical predictors to identify patients who are at low
risk of recurrent venous thromboembolism who could
safely discontinue oral anticoagulants. 

Methods: In a multicentre prospective cohort study, 646
participants with a first, unprovoked major venous throm-
boembolism were enrolled over a 4-year period. Of these,
600 participants completed a mean 18-month follow-up in
September 2006. We collected data for 69 potential pre-
dictors of recurrent venous thromboembolism while 
patients were taking oral anticoagulation therapy (5–7
months after initiation). During follow-up after discontinu-
ing oral anticoagulation therapy, all episodes of suspected
recurrent venous thromboembolism were independently
adjudicated. We performed a multivariable analysis of pre-
dictor variables (p < 0.10) with high interobserver reliability
to derive a clinical decision rule.

Results: We identified 91 confirmed episodes of recurrent
venous thromboembolism during follow-up after discon-
tinuing oral anticoagulation therapy (annual risk 9.3%,
95% CI 7.7%–11.3%). Men had a 13.7% (95% CI 10.8%–
17.0%) annual risk. There was no combination of clinical
predictors that satisfied our criteria for identifying a low-
risk subgroup of men. Fifty-two percent of women had 0
or 1 of the following characteristics: hyperpigmentation,
edema or redness of either leg; D-dimer ≥ 250 μg/L while
taking warfarin; body mass index ≥ 30 kg/m2; or age ≥ 65
years. These women had an annual risk of 1.6% (95% CI
0.3%–4.6%). Women who had  2 or more of these findings
had an annual risk of 14.1% (95% CI 10.9%–17.3%).

Interpretation: Women with 0 or 1 risk factor may safely
discontinue oral anticoagulant therapy after 6 months of
therapy following a first unprovoked venous throm-
boembolism. This criterion does not apply to men.
(http://Clinicaltrials.gov trial register number NCT00261014)
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We sought to determine the clinical predictors or combina-
tions of predictors that identify patients with an annual risk of
venous thromboembolism of less than 3% after taking an oral
anticoagulant for 5–7 months after a first unprovoked event.

Materials and methods

Study design and selection of participants
We performed a prospective clinical decision-rule derivation co-
hort study and a split-sample validation study that included con-
secutive unselected patients from 12 tertiary care centres in 4
countries. We included patients whose first, objectively proven
unprovoked thromboembolism (proximal deep vein thrombosis,
or segmental or greater pulmonary embolism) occurred 5–7
months before enrollment. We included patients who received
heparin or low-molecular-weight heparin for 5 or more days and
who received oral anticoagulation therapy for 5–7 months after
the event (target international normalized ratio 2–3). We also in-
cluded patients if they had not had a recurrent venous throm-
boembolism during the treatment period. Objective documenta-
tion of deep vein thrombosis required the presence of a
noncompressible segment on a compression ultrasound of the
popliteal vein or a more proximal leg vein. Objective documen-
tation of a pulmonary embolism required a high-probability 
ventilation–perfusion scan or a segmental or larger artery filling
defect on a spiral computed tomography (CT) scan. We defined
an unprovoked index venous thromboembolism as one that oc-
curred in the absence of a leg fracture or lower-extremity plaster
cast, immobilization for greater than 3 days or surgery using a
general anesthetic in the 3 months before the index event, and
without the diagnosis of a malignant disease in the past 5 years.

We excluded patients who were unable or unwilling to pro-
vide written informed consent, were aged 17 years or younger,
had already discontinued oral anticoagulants, required ongoing
anticoagulation for reasons other than venous thromboembolism,
were geographically inaccessible for follow-up, were being
treated for a recurrent unprovoked venous thromboembolism  or
“known” high-risk thrombophilia (defined as known deficiency
of protein S, protein C or antithrombin, known persistently posi-
tive anticardiolipin antibodies [> 30 U/mL], a known persistently
positive lupus anticoagulant, or who had 2 or more known
thrombophilic defects [e.g., homozygous for factor V Leiden or
prothrombin gene mutation, or compound heterozygous for fac-
tor V Leiden and prothrombin gene mutation]). We did not per-
form thrombophilia testing before enrollment; however, we ex-
cluded patients with high-risk thrombophilia if it had been
independently identified before enrollment.

We obtained approval from the institutional research
ethics board at all participating centres (Ottawa Hospital 
Research Ethics Board for the lead institution).

Baseline patient assessment 
We performed an assessment 5–7 months after the index venous
thromboembolism event while patients were receiving oral anti-
coagulant therapy. We collected data for 69 independent vari-
ables identified in a systematic review conducted a priori and
periodically updated throughout the study (Appendix 1, avail-
able online at www.cmaj.ca/cgi/content/full/179/5/417/DC2).

We collected data about demographic characteristics, risk fac-
tors for venous thromboembolism at the time of index event, 
patient-reported post-thrombotic symptoms, concomitant med-
ications, results of thrombophilia testing, and imaging reports
confirming the index venous thromboembolism event. In addi-
tion, study nurses performed a physical examination of each pa-
tient, recording height and weight. Nurses also performed a
standardized evaluation of post-thrombotic signs for both legs.

We obtained samples for laboratory analysis while patients
were taking oral anticoagulants. A complete blood count was
performed and homocysteine levels were analyzed at local
clinical laboratories. Standard protocols were used to extract
DNA from peripheral blood leukocytes, and an ABI PRISM
3100 genetic analyzer (Applied Biosystems) was used to test
for factor V Leiden and to perform prothrombin gene variant
genotyping by use of established methods.15 We also obtained
samples to test for the levels of factor VIII, D-dimer, lupus 
anticoagulant and anticardiolipin IgG and IgM. These samples
were processed and stored locally, but they were shipped on
dry ice and analyzed centrally at the London Health Sciences
Centre. Within 1 hour of collection, plasma samples were 
double centrifuged at 2500g for 20 minutes and frozen
immediately at –70°C. D-Dimer testing was performed using
the Vidas D-dimer reagent on the Vidas Instrument (bio-
Mérieux). Coagulation assays were performed on an ACL
9000 instrument (Instrumentation Laboratory). We used the
HemosIL APTT-SP reagent to test for factor VIII, and we
tested for lupus anticoagulant using dilute Russel viper venom
time (HemosIL LAC screen) with LAC Confirm reagents 
(Instrumentation Laboratory). Anticardiolipin antibodies (IgG
and IgM) were tested for using commercially available 
enzyme-linked immunosorbent assay kits (Louisville APL 
Diagnostics).

We performed baseline imaging using compression ultra-
sonography of the leg that was symptomatic at the time of the
index event. If the patient had signs or symptoms of a pul-
monary embolism at the time of index event, a ventilation-
perfusion scan was also performed.

Follow-up and outcome assessment
Patients were instructed to contact study personnel if they de-
veloped symptoms of recurrent venous thromboembolism.
Patients were seen in clinic every 6 months and were asked
about whether they had any symptoms of venous thromboem-
bolism. Participants were withdrawn and their data censored
if they withdrew consent or started anticoagulant therapy
(reasons for starting anticoagulants were documented).

All suspected venous thromboembolism events and deaths
were independently adjudicated by physicians (M.R., S.K.,
P.W., D.A., M.K., G.L.) who were blinded to the predictor
data. All patients with a suspected recurrent venous throm-
boembolism who presented with leg symptoms underwent
compression leg vein ultrasonography or venography. The cri-
teria for diagnosis of recurrent deep vein thrombosis have
been previously described.16 All patients with a suspected pul-
monary embolism had a ventilation–perfusion scan. If results
of the scan were normal, unchanged or better than those from
the baseline exam, we excluded the diagnosis of pulmonary
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embolism. If the ventilation–perfusion scan showed a new
mismatched segmental defect or a greater perfusion defect
compared with baseline, a pulmonary embolism was diag-
nosed. If a new matched or subsegmental perfusion defect was
found, we performed a spiral CT scan. If this scan showed an
intraluminal filling defect in a segmental or larger artery in an
area that had normal perfusion in the baseline ventilation–per-
fusion scan, a pulmonary embolism was diagnosed. All other
patients were required to undergo pulmonary angiography to
diagnose or exclude suspected recurrent pulmonary embolism.
We also considered pulmonary embolism found at autopsy to
be diagnostic of recurrent venous thromboembolism.

Data analysis
We first performed univariable analyses to determine the
strength of association between each potential predictor variable
and recurrence of venous thromboembolism.
All potentially significant (p < 0.20) continu-
ous variables were dichotomized at varying
cut-off points, and the optimal cut-off points
were identified (i.e., the cut-off points with
the highest χ2 value). We used dichotomous
variables to make the final clinical decision
rule easier to remember and apply. We then
assessed the dichotomized variables with
p < 0.10 for interobserver reliability. Vari-
ables with previously published high repro-
ducibility were retained. For those without
published evidence of reproducibility, we
conducted interobserver reliability studies.
We retained variables with a kappa score
greater than 0.6. This process aided in the se-
lection of the best variables for the multivari-
able analysis.

Using conditional logistic regression with
forward variable selection, we conducted
multivariable analysis with recurrent venous
thromboembolism as the dependent variable.
The study steering committee (M.R., M.K.,
P.W., G.L., A.P., R.W., S.K., D.A.) derived
and reviewed 5 candidate clinical decision
rules for women and 2 for men. These rules
were selected based on classification per-
formance (annual risk of recurrence in the
low-risk group, defined a priori as a target of
< 3%), proportion of patients identified as
low risk, face validity, ease of use and fewest
predictor variables. We performed split-sam-
ple cross-validation by determining the clas-
sification performance of a short list of can-
didate clinical decision rules for 500
subsamples. Each subsample consisted of
randomly chosen patients from the study
population. The size of each subsample was
50% of the study population. We rejected
any decision rule for which any of the 500
samples had a greater than 3% annual risk of
recurrence. We further internally assessed

the performance of the final clinical decision rules using the sub-
set of patients whose data could not be included in the derivation
of the rule because of missing data.

Funding and commercial interests
This study was funded by the Canadian Institutes of Health
Research (grant no. MOP 64319) and bioMérieux. bio-
Mérieux provided funding via an unrestricted research grant.
The company did not influence the design, conduct or report-
ing of the trial.

Results

Between October 2001 and March 2006, we enrolled 665 par-
ticipants. Of these, 600 patients completed follow-up in Sep-
tember 2006 (Figure 1). The mean age of participants was 
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Assessed for eligibility
n = 1041

Enrolled
n = 665

Followed-up
n = 646

Completed follow-up
n = 600

Included in analysis
n = 646

Excluded  n = 376 
• Refused or unable to provide consent  n = 95
• Not eligible  n = 281 

– remaining on long-term anticoagulants  n = 204 (because
of venous thromboembolism [clinician or patient preference 
n = 64], known antiphospholipid antibody syndrome [n = 40],  
recurrent [≥ 2] unprovoked venous thromboembolism
[n = 31], known protein S, protein C or ATIII deficiency 
[n = 21], known multiple thrombophilias [n = 9], atrial
fibrillation or cerebrovascular accident [n = 15], other [n = 24]) 
– Geographically inaccessible for follow-up  n = 23
– Active malignant disease  n = 17
– Aged less than 18 years  n = 2
– Other  n = 35

No follow-up  n = 19
• Lost before first scheduled follow-up visit  n = 3
• Withdrawn before first scheduled follow-up visit  n = 11
• Started anticoagulant therapy for indications other than 

venous thromboembolism before first follow-up visit  n = 4
• Died before first follow-up visit n = 1

Censored n = 46
• Lost to follow-up after at least 1 follow-up visit n = 14
• Died after at least 1 follow-up visit n = 10
• Withdrawn after first follow-up visit n = 9
• Started anticoagulant therapy for indications other than   

adjudicated venous thromboembolism after at 
least 1 follow-up  n = 13

Figure 1: Flow of participants through the study.
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53 (min–max 18–95) years, and 49% were female (Table 1).
Index events included 194 (30%) isolated pulmonary em-
bolisms, 339 (52.5%) isolated deep vein thrombosis events
and 113 (17.5%) events of both deep vein thrombosis and
pulmonary embolism. During a mean follow-up interval of 18
(min–max 1–47) months, 91 of 306 suspected recurrent ve-
nous thromboembolism were objectively documented, which
is equal to a 9.3% annual risk of recurrent venous throm-
boembolism (95% CI 7.7%–11.3%). None of the deaths dur-
ing follow-up were caused by recurrent venous thromboem-
bolism (case-fatality rate 0%, 95% CI 0%–3.2%).

Table 1 lists potential predictor variables for the study popu-
lation. Of men, 19% developed recurrent venous thromboem-
bolism over a mean follow-up of 72 weeks (annual risk 13.7%,
95% CI 10.8%–17.0%) compared with 8.9% of women during
a mean follow-up of 84 weeks (5.5% annual risk, 95% CI
3.7%–7.8%) (p < 0.001). Men with post-thrombotic symptoms
of leg hyperpigmentation, edema or redness had very high risk
of recurrence (24.0% annual risk) (Figure 2).

Initial multivariable modelling failed to identify a clinical
decision rule that satisfied our criterion (< 3% annual risk) for
identifying a low-risk subgroup of men. Thus, we performed
a post-hoc stratification of participants by sex, and we re-
peated the univariable analyses, including identifying optimal
cut-off points for each sex strata (Figure 2 and Figure 3). The
use of multivariable modelling with sex-specific subgroups
led to 5 candidate decision rules for women (Table 2) and 2
for men (Table 3). We performed split sample cross-
validation with the candidate clinical decision rules that had
good classification performance, face validity and ease of use.
Neither of the candidate clinical decision rules for men had
face validity, nor were they statistically validated in the 500
subsample analysis (mean risk > 3%).

In total, 52% of women had 0 or 1 risk factors for recurrent
venous thromboembolism (hyperpigmentation, edema or redness
of either leg; D-dimer ≥ 250 μg/L while on warfarin; BMI
≥ 30 kg/m2; age ≥ 65 years). Among these women, the annual
risk of venous thromboembolism was 1.6% (95% CI 0.3%–
4.6%). Women with 2 or more risk factors had an annual risk of
14.1% (95% CI 10.9%–17.3%). Of low-risk patients, the annual
risk was 1.2% in the subgroup with index deep vein thrombosis
alone, 0% in the group with index pulmonary embolism alone,
2.1% in the group with index pulmonary embolism with or with-
out deep vein thrombosis, and 2.5% in the group with index deep
vein thrombosis with or without pulmonary embolism. The sur-
vival curve for women at low risk and for those at high risk
(men, and women with ≥ 2 risk factors) are shown in Figure 4.
For the 500 subsamples from the derivation set, the mean annual
risk of recurrent venous thromboembolism in women at low risk
of recurrence was between 0% and 3.0%.

In total, 124 participants in the derivation set were missing
predictor data. Of these, 101 were classifiable as low or high
risk of recurrence and were included in the internal valida-
tion. In this cohort, women in the low-risk group (≤ 1 risk
factor) had an annual risk of recurrent venous thromboem-
bolism less than 3% (annual risk 2.7%, 95% CI 0.3%–8.9%).
Women with 2 or more risk factors had an annual risk of re-
currence of 10.2% (95% CI 6.2%–15.1%).
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Interpretation

We developed and internally validated a clinical decision rule
that may ultimately provide clinicians with guidance as to

whether oral anticoagulation therapy can be discontinued af-
ter 5–7 months of treatment for an “unprovoked” venous
thromboembolism. This clinical decision rule identifies
women with an annual risk of venous thromboembolism less
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Recurrent VTE, 
variable present

n/N

Recurrent VTE, 
variable absent

n/N

Fixed relative risk (95% CI)

Variable

Post-thrombotic sign (HER)     

Presence of APL antibodies†

Age ≥ 60 yr       

Factor VIII ≥ 1.55 U/mL

Hemoglobin ≥ 170 g/L  
Height ≥ 188 cm      

Weight ≥ 104 kg     
BMI ≥ 26 kg/m2

Homocysteine ≥ 15 μmol/L 
Acetylsalicylic acid use             

Factor V Leiden     

Previous secondary VTE        

D-Dimer ≥ 250 μg/L   

31/119
39/158

16/126
39/168

4/9

10/33

23/94

39/236
3/33

2/26
11/45

1/13

22/106

Fixed RR 
(95% CI)

2.54 (1.48–4.38)

1.85 (1.14–2.99)

0.56 (0.33–0.94) 
1.56 (0.97–2.51)

2.45 (1.14–5.28)

1.71 (0.96–3.03) 
1.46 (0.92–2.29) 

0.68 (0.43–1.08)

0.50 (0.16–1.51) 
0.39 (0.10–1.49)

1.35 (0.76–2.38)
0.40 (0.06–2.64)

1.14 (0.71–1.82)

p value*

 0.001
0.01

0.02

0.06
0.07‡

0.08

0.11

0.11

0.19‡
0.19‡

0.31
0.48‡

0.60

0.1 0.2 0.5 1.0 2.0 5.0 10.0

Reduced risk Increased risk

17/166
21/157

47/206

22/148

58/320

53/299

40/238

23/95
49/268

61/306

52/287

62/319

38/208

Figure 2: Potential predictor variables for men at optimal cutoff points, by strength of association. *Determined by χ2 testing, unless
stated otherwise. †Presence of antiphospholipid (APL) antibodies was determined by anticardiolipin antibody (IgG or IgM) ≥ 6 U/mL or
by a positive result for lupus anticoagulant. ‡Determined by the Fisher exact test. Note: BMI = body mass index, CI = confidence inter-
val, HER = hyperpigmentation, edema or redness, RR = relative risk, VTE = venous thromboembolism.

Variable

16/96 0.0033.04 (1.40–6.60)

D-Dimer ≥ 250 μg/L  18/121 0.0033.02 (1.41–6.51)

Factor VIII ≥ 2.0 U/mL 14/83 0.0052.67 (1.33–5.37)

BMI ≥ 30 kg/m2 16/114 0.022.33 (1.14–4.74)

Age ≥ 65 yr     13/87 0.022.26 (1.12–4.56)

Hemoglobin ≥ 120 g/L 19/269 0.020.37 (0.17–0.79)

4/13 0.02‡3.86 (1.57–9.50)

Weight ≥ 80 kg      15/115 0.051.99 (0.98–4.03)

Height ≥ 166 cm    6/118 0.060.45 (0.19–1.08)
OCP use the previous year   3/79 0.080.37 (0.11–1.21)

Factor V Leiden     8/55 0.121.88 (0.87–4.04)

HRT in the previous year   5/31 0.162.19 (0.86–5.55)

17/226 0.160.59 (0.28–1.23)

2/10 0.22‡2.34 (0.64–8.52)

Homocysteine ≥ 15 μmol/L 3/24 0.48‡1.38 (0.45–4.24)

0.1 0.2 0.5 1.0 2.0 5.0 10.0

Acetylsalicylic acid use             

Presence of APL antibodies†

Previous secondary VTE        

Post-thrombotic sign (HER)     9/164

9/183

14/222

12/199
15/227

8/42
24/301
13/198
22/196
18/174

20/258

16/217
10/78

26/304
24/264

Recurrent VTE, 
variable present

n/N

Recurrent VTE, 
variable absent

n/N
Fixed RR 
(95% CI) p value*

Reduces risk Increases risk

Fixed relative risk (95% CI)

Figure 3: Potential predictor variables for women at optimal cut-off points, by strength of association. *Determined by χ2 testing, un-
less stated otherwise. †Presence of antiphospholipid (APL) antibodies was determined by anticardiolipin antibody (IgG or IgM) ≥ 4
U/mL or by a positive result for lupus anticoagulant. ‡Determined by the Fisher exact test. Note: BMI = body mass index, CI = confi-
dence interval, HER = hyperpigmentation, edema or redness, HRT = hormone replacement therapy, OCP = oral contraceptive pills, RR =
relative risk, VTE = venous thromboembolism.



than 3% who can likely safely discontinue anticoagulant ther-
apy (Box 1).

Despite research about the duration of anticoagulant treat-
ment for unprovoked venous thromboembolism3,4,11,17,18 and the
identification of risk factors for its recurrence,19–26 clinicians
remain vexed as to who should continue taking anticoagulants
after an initial 3–6 months of therapy. In fact, practice guide-
lines have remained unchanged despite a decade of research.2

This failure to change practice is likely because a therapy has
not been identified that reduces the risk of bleeding below the

level of risk of recurrent venous thromboembolism after 3–6
months of anticoagulant therapy (e.g., lower intensity interna-
tional normalized ratio, new anticoagulants). This failure is
also likely because of a failure to identify high-risk groups in
which the benefits of standard therapies clearly outweighed
the risks and to identify low-risk groups for whom no further
therapy is necessary.

A number of variables to stratify risk of recurrent venous
thromboembolism in patients with an unprovoked index event
have been investigated, including sex,22 plasma D-dimer levels
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Table 2: Classification performance of the candidate clinical predictor rules for women 

Annual risk of recurrent 
venous thromboembolism 

Model Variable Sensitivity Specificity NPV 
Low-risk 
group 

High-risk 
group 

% of patients 
identified by 

model as being 
at low risk 

1 •  Hyperpigmentation, edema and redness 
•  Body mass index ≥ 30 kg/m2  
•  Age ≥ 65 yr 

0.89 0.37 0.97 1.6% 7.9% 34.7% 

2 •  Hyperpigmentation, edema and redness 
•  D-Dimer ≥ 250 μg/L 
•  Body mass index ≥ 30 kg/m2 

0.88 

 

0.38 0.97 2.3% 10.4% 35.5% 

3 •  Hyperpigmentation, edema and redness 
•  D-Dimer ≥ 250 μg/L 
•  Body mass index ≥ 30 kg/m2  
•  Age ≥ 65 yr 

0.88 0.57 0.98 1.6% 14.1% 52.2% 

4 • Hyperpigmentation, edema and redness 
•  D-Dimer ≥ 250 μg/L 
•  Body mass index ≥ 30 kg/m2 
•  Previous secondary VTE 

0.76 0.65 0.96 2.9% 14.8% 38.7% 

5 •  Hyperpigmentation, edema and redness
•  D-Dimer ≥ 250 μg/L 
•  Body mass index ≥ 30 kg/m2  
•  Previous secondary VTE 
•  Age ≥ 65 yr 

0.88 0.56 0.98 1.7% 13.8% 51.4% 

Note: NPV = negative predictive value, VTE = venous thromboembolism. 
*Model 3 was selected as the final model for women because it had the smallest annual risk of recurrent venous thromboembolism in the low-risk group, the 
highest NPV, >10% risk of recurrence in the high-risk group, and the highest low-risk excluded proportion. This model was also considered the most parsimonious 
and easy to remember and apply in the clinical setting. 

Table 3: Classification performance of the candidate clinical predictor rules for men 

Annual risk of recurrent 
venous thromboembolism

 
Model Variables Sensitivity Specificity NPV 

Low-risk 
group 

High-risk 
group 

% of patients 
identified by 

model as being 
at low risk 

1 •  Hyperpigmentation, edema and redness 
•  Positive for antiphospholipid antibodies*
•  Hemoglobin ≥ 170 g/L 

0.65 0.63 0.98 3.7% 18.8% 29.0% 

2 •  Hyperpigmentation, edema and redness 
•  Positive for antiphospholipid antibodies*
•  Age < 60 yr 
•  Hemoglobin ≥170 g/L 
•  Body mass index < 26 kg/m2 

0.91 0.42 0.96 3.4% 19.9% 35.0% 

Note: NVP = negative predictive value.  
*Anticardiolipin ≥ 6 U/mL or positive for lupus anticoagulant. 



measured 1–2 months after discontinuation of oral anticoagu-
lants,19,20,23,24 residual venous obstruction using venous ultra-
sonography19,25,26 and elevated plasma levels of factor VIII.21

Studies investigating these variables have all been hampered
by the inclusion of patients with heterogeneous risk of recur-
rence (e.g., a variable duration of oral anticoagulation ther-
apy,19–21,23,24 both provoked and unprovoked index events,19,20,23

both distal and proximal deep vein thrombosis23). Only the
use of D-dimer levels as a predictor variable has been studied
in a prospective management study.24 In this study, a normal
D-dimer value after stopping oral anticoagulants was not suf-
ficient to identify patients at low risk (i.e., < 3% annual risk)
to be clinically useful.24 Furthermore, stopping anticoagulants,
testing D-dimer levels 1 month later and restarting anticoagu-
lant therapy if necessary, is impractical for the majority of pa-
tients and exposes high-risk patients to a long period without
anticoagulants. We did not find that residual venous obstruc-
tion (detected by leg vein imaging) was an important predic-
tor of recurrent venous thromboembolism. We found that ele-

vated levels of factor VIII was a significant univariable pre-
dictor, but it was not an independent predictor in the multi-
variable analysis. In our study, no single predictor identified a
sufficiently low-risk group to be clinically useful. A multi-
variable clinical decision rule is a more powerful approach
because it combines the predictive power of multiple inde-
pendent variables.

We identified 3 major novel findings. First, post-
thrombotic findings after 5–7 months of oral anticoagulant
therapy are the strongest predictors of recurrent venous
thromboembolism. Second, for women, but not for men, D-
dimer levels (measured while taking oral anticoagulants) are
an important predictor of recurrence after the patient has
stopped taking anticoagulants. Third, we have identified a
clinical decision rule that can be used to identify women at
low risk of recurrence.

Our study has a number of strengths. To date, this is the
largest and most comprehensive clinical study that has evaluated
risk factors for recurrent venous thromboembolism in patients

with unprovoked proximal deep
vein thrombosis or pulmonary em-
bolism. We prospectively meas-
ured all important risk factors po-
tentially associated with recurrent
venous thromboembolism in a
standardized fashion. Our study in-
cluded patients for whom the clini-
cal decision to discontinue oral an-
ticoagulation therapy is most
uncertain, and we analyzed risk
factors at the time when a decision
is usually made. In addition, our
study included a representative
sample of patients from multiple
centres and countries. These pa-
tients were consecutively enrolled
without bias. The clinically rele-
vant primary outcome of recurrent
venous thromboembolism was
clearly defined and independently
adjudicated. We included only re-
producible clinical variables in the
final decision rule (age, BMI,27 D-
dimer,28 post-thrombotic symptoms
findings of hyperpigmentation,
edema and redness29), which likely
enhances the interobserver repro-
ducibility of the rule. In addition,
the 4 variables included in our de-
cision rule all have face validity
(i.e., make sense to clinicians) as
predictors of recurrent venous
thromboembolism. D-dimer levels,
older age and increased BMI have
been consistently shown to be pre-
dictors of recurrent venous throm-
boembolism.19,20,22–24,30 Venous stasis
changes of hyperpigmentation,
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Figure 4: Survival estimates and cumulative risk of recurrent venous thromboembolism (VTE)
after discontinuing oral anticoagulant therapy after 5–7 months. Patients were classified as low
or high risk according to the candidate diagnostic rules for men and women. We performed
the survival analysis with updated data in June 2007 (mean follow-up 22.5 months). Note: CI =
confidence interval.



edema or redness have been previously suggested to be predic-
tors of recurrent venous thromboembolism.31,32 Because venous
damage predisposes patients to slower and abnormal blood flow,
the risk of recurrent venous thromboembolism should be in-
creased among these patients.

Our study has several limitations. First, to avoid over-
fitting, not all potentially significant variables (p < 0.20) were
included in our multivariable modelling. Second, not all patient
data sets in the derivation group were complete. Third, D-dimer
levels were measured and the optimal cut-off point (D-dimer 
≥ 250 μg/L) was identified by use of 1 reagent on 1 instrument.
The use of other D-dimer tests will require separate studies to
identify optimal cut-off points and performance in predicting
recurrent venous thromboembolism within the context of this
clinical decision rule. Fourth, our clinical decision rule does not
predict how long anticoagulants should be continued for pa-
tients in the high-risk group. Randomized controlled trials that
compare therapeutic options (shorter v. longer duration, higher
v. lower intensity therapy, alternative anticoagulants) or risk
stratification at a later time may be required to define optimal
therapeutic management for high-risk patients. Fifth, we ex-
cluded patients with known high-risk thrombophilia, and few
of our patients were nonwhite (< 8%), hence our clinical deci-
sion rule may not apply to patients in these groups. Finally, and
most importantly, additional important methodologic criteria33,34

must be met before our decision rule can be widely adopted:
the interobserver agreement of the rule must be determined,
and the safety of this rule must be prospectively validated in a
separate population to ensure that the low-risk group has less
than 3% annual risk of recurrence.

We were unable to derive a rule that identified men at low
risk who can safely discontinue anticoagulants after 5–7
months of therapy. It is possible that a larger sample would
have permitted us to identify a low-risk group of men; how-
ever, it is likely that this subgroup would represent a small
proportion of men given our sample size and that men had
more recurrences than women (giving us more power to de-
rive a rule in men). However, until a successful risk stratifica-
tion tool is developed that identifies low-risk men, it appears
that all men are at high risk of recurrence, particularly men
with hyperpigmentation, edema or redness in either leg.

In conclusion, it may be safe for women who have taken
oral anticoagulants for 5–7 months after an unprovoked 
venous thromboembolism to discontinue therapy if they have
0 or 1 of the following signs or symptoms: hyperpigmenta-
tion, edema or redness of either leg; a D-dimer level of
250 μg/L or more while taking warfarin; BMI 30 kg/m2 or
more; and age 65 years or more.
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Box 1: Clinical decision rule* to identify women  
at low risk of recurrent venous thromboembolism 
after 5–7 months of oral anticoagulant therapy 

Women with 0 or 1 of the following features may be able  
to safely discontinue therapy:  

• Post-thrombotic signs (hyperpigmentation, edema 
or redness in either leg) 

• D-Dimer level ≥ 250 μg/L 

• Body mass index ≥ 30 kg/m2 

• Age ≥ 65 yr 

*Generated using the following logistic regression model: Y = B1X1 + B2X2…: 
recurrent venous thromboembolism = –3.9717 x (intercept) + 1.2977 x (body 
mass index ≥ 30 kg/m2) + 0.6473 x (either leg hyperpigmentation, edema or 
redness) + 0.9155 x (D-dimer ≥ 250 μg/L) + 0.8084 x (age ≥ 65 yr). 

This article has been peer reviewed.

Competing interests: Marc Rodger has received consultant’s fees (which
were used to support his research) from bioMérieux, which has also provided
travel assistance for study-related meetings to Dr. Rodger. Susan Kahn has
received speaker’s honoraria from Pfizer and Sanofi-Aventis and has partici-
pated on the advisory boards of Sanofi-Aventis and Bayer. Philip Wells has
received speaker’s honoraria from Dade Behring, bioMérieux, Sanofi-
Aventis, LEO Pharma and Organon. Isabelle Chagnon has received travel as-
sistance from LEO Pharma to attend an international thrombosis and hemo-
stasis meeting. Grégoire Le Gal has received travel funding from bioMérieux
to attend steering committee meetings for this study and for a related study.
Susan Solymoss has served as a consultant for Bayer, Boehringer Ingelheim,
Pfizer and LEO Pharma, and has received speaker’s fees from Pfizer and
LEO Pharma. Richard White is a member of a safety-monitoring board run
by Sanofi-Aventis. Tim Ramsay has received travel assistance from bio-
Mérieux to attend a planning meeting for a follow-up study and has received
an honorarium from bioMérieux used to fund a graduate student. None de-
clared for David Anderson, Mark Crowther, Arnaud Perrier, Linda Vickars,
Marisol Betancourt and Michael Kovacs.

Contributors: Marc Rodger and Michael Kovacs were the co-principal in-
vestigators. They, along with Susan Kahn, Philip Wells and David Anderson,
designed and performed the research, collected and analyzed the data and
wrote the manuscript. Grégoire Le Gal, Arnaud Perrier and Richard White
performed the research, collected and analyzed the data and wrote the manu-
script. Isabelle Chagnon, Susan Solymoss and Mark Crowther performed the
research, collected the data and wrote the manuscript. Linda Vickars per-
formed the research and collected the data. Tim Ramsay and Marisol Betan-
court analyzed the data and wrote the manuscript. All of the authors revised
the manuscript for important intellectual content and approved the final ver-
sion submitted for publication.

Acknowledgements: This study was funded by the Canadian Institutes of
Health Research (grant no. MOP 64319) and bioMérieux (through an unre-
stricted research grant). 

Dr. Rodger had full access to all the data in the study and takes responsi-
bility for the integrity of the data and the accuracy of the data analysis. All
analyses were conducted independent of the funding sources.



9. Douketis JD, Kearon C, Bates S, et al. Risk of fatal pulmonary embolism in pa-
tients with treated venous thromboembolism. JAMA 1998;279:458-62.

10. Agnelli G, Prandoni P, Becattini C, et al.; Warfarin Optimal Duration Italian Trial
Investigators. Extended oral anticoagulant therapy after a first episode of pul-
monary embolism. Ann Intern Med 2003;139:19-25.

11. Pinede L, Ninet J, Duhaut P, et al. Comparison of 3 and 6 months of oral anticoag-
ulant therapy after a first episode of proximal deep vein thrombosis or pulmonary
embolism and comparison of 6 and 12 weeks of therapy after isolated calf deep
vein thrombosis. Circulation 2001;103:2453-60.

12. 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.

13. Linkins LA, Choi PT, Douketis JD. Clinical impact of bleeding in patients taking
oral anticoagulant therapy for venous thromboembolism: a meta-analysis. Ann In-
tern Med 2003;139:893-900.

14. Agnelli G, Becattini C. Treatment of DVT: How long is enough and how do you
predict recurrence? J Thromb Thrombolysis 2008;25:37-44. Epub 2007 Oct 1.

15. Wells PS, Rodger MA, Forgie MA, et al. The ACE D/D genotype is protective
against the development of idiopathic deep vein thrombosis and pulmonary em-
bolism. Thromb Haemost 2003;90:829-34.

16. Wells PS, Anderson DR, Rodger M, et al. Evaluation of D-dimer in the diagnosis
of suspected deep-vein thrombosis. N Engl J Med 2003;349:1227-35.

17. Research Committee of the British Thoracic Society. Optimum duration of antico-
agulation for deep-vein thrombosis and pulmonary embolism. Lancet 1992;
340:873-6.

18. Schulman S, Rhedin AS, Lindmarker P, et al. A comparison of six weeks with six
months of oral anticoagulant therapy after a first episode of venous thromboembolism.
Duration of Anticoagulation Trial Study Group. N Engl J Med 1995;332:1661-5.

19. Cosmi B, Legnani C, Cini M, et al. The role of D-dimer and residual venous ob-
struction in recurrence of venous thromboembolism after anticoagulation with-
drawal in cancer patients. Haematologica 2005;90:713-5.

20. Eichinger S, Minar E, Bialonczyk C, et al. D-dimer levels and risk of recurrent ve-
nous thromboembolism. JAMA 2003;290:1071-4.

21. Kyrle PA, Minar E, Hirschl M, et al. High plasma levels of factor VIII and the risk
of recurrent venous thromboembolism. N Engl J Med 2000;343:457-62.

22. McRae S, Tran H, Schulman S, et al. Effect of patient’s sex on risk of recurrent ve-
nous thromboembolism: a meta-analysis. Lancet 2006;368:371-8.

23. Palareti G, Legnani C, Cosmi B, et al. Risk of venous thromboembolism recur-
rence: high negative predictive value of D-dimer performed after oral anticoagula-
tion is stopped. Thromb Haemost 2002;87:7-12.

24. Palareti G, Cosmi B, Legnani C, et al. PROLONG I. D-Dimer testing to determine
the duration of anticoagulation therapy. N Engl J Med 2006;355:1780-9.

25. Piovella F, Crippa L, Barone M, et al. Normalization rates of compression ultra-
sonography in patients with a first episode of deep vein thrombosis of the lower
limbs: association with recurrence and new thrombosis. Haematologica 2002;87:
515-22.

26. Prandoni P, Lensing AW, Prins MH, et al. Residual venous thrombosis as a predic-
tive factor of recurrent venous thromboembolism. Ann Intern Med 2002;137:955-60.

27. Schreiner PJ, Pitkaniemi J, Pekkanen J, et al. Reliability of near-infrared interac-
tance body fat assessment relative to standard anthropometric techniques. J Clin
Epidemiol 1995;48:1361-7.

28. Pittet JL, de Moerloose P, Reber G, et al. VIDAS D-dimer: fast quantitative ELISA
for measuring D-dimer in plasma. Clin Chem 1996;42:410-5.

29. Roger MA, Khan SR, Le Gal G, et al. Inter-observer reliability of measures to as-
sess the post-thrombotic syndrome. Thromb Haemost 2008;100:164-6.

30. Heit JA, Mohr DN, Silverstein MD, et al. Predictors of recurrence after deep vein
thrombosis and pulmonary embolism: a population-based cohort study. Arch Intern
Med 2000;160:761-8.

31. Schulman S, Lindmarker P, Holmstrom M, et al. Post-thrombotic syndrome, recur-
rence, and death 10 years after the first episode of venous thromboembolism
treated with warfarin for 6 weeks or 6 months. J Thromb Haemost 2006;4:734-42.

32. Stain M, Schonauer V, Minar E, et al. The post-thrombotic syndrome: risk factors
and impact on the course of thrombotic disease. J Thromb Haemost 2005;3:2671-6.

33. Laupacis A, Sekar N, Stiell IG. Clinical prediction rules. A review and suggested
modifications of methodological standards. JAMA 1997;277:488-94.

34. Wasson JH, Sox HC, Neff RK, et al. Clinical prediction rules. Applications and
methodological standards. N Engl J Med 1985;313:793-9.

Research

CMAJ • AUGUST 26, 2008 • 179(5)426

Correspondence to: Dr. Marc Rodger, Division of Hematology,
The Ottawa Hospital, General Campus, 501 Smyth Rd., Ottawa
ON  K1H 8L6; fax 613 739-6102; mrodger@ohri.ca

Holiday Reading
Call for submissions

Do you have something profound or profoundly entertaining to
say? CMAJ may be just the place to publish. In December 2008,
we will present a special Holiday Reading section — a deviation
from our usual Holiday Review fare. The section will feature es-
says, creative non-fiction, short fiction and narrative medicine arti-
cles. Your missive can be ethical or satirical, personal or aca-
demic, plainly frivolous or gratuitously entertaining; the common
thread is medicine in all its permutations.

Articles should be no longer than 1200 words; photographs
and illustrations are welcome. Send your submissions for consid-
eration via our online manuscript system (http://mc.manuscript
central.com/cmaj). Please mention in your cover letter that your
submission is intended for this year’s Holiday Reading issue.

The deadline for submissions is Oct. 7, 2008. 


