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Background: The optimal duration of anticoagulation for a first
episode of unprovoked venous thromboembolism (VTE) is uncer-
tain. Methods for predicting risk for recurrence may identify low-
risk patients who are less likely to benefit from prolonged anti-
coagulation.

Purpose: To synthesize evidence evaluating the value of D-dimer as
a predictor of recurrent disease in patients who have stopped
anticoagulant therapy after a first unprovoked VTE.

Data Sources: The MEDLINE, EMBASE, CINAHL, and Cochrane
databases were searched until March 2008 without language re-
strictions. The strategy was supplemented with manual review of
reference lists and contact with content experts.

Study Selection: Randomized, controlled trials or prospective co-
hort studies that measured D-dimer after anticoagulant therapy in
patients who received at least 3 months of anticoagulant treatment
of unprovoked VTE.

Data Extraction: Two authors independently reviewed articles and
extracted data.

Data Synthesis: Seven studies, totaling 1888 patients with a first
unprovoked VTE, were eligible for analysis. During 4500 person-
years of follow up, annual rates of recurrent VTE differed statisti-
cally significantly: 8.9% (95% CI, 5.8% to 11.9%) in patients with
positive D-dimer results and 3.5% (CI, 2.7% to 4.3%) in patients
with negative D-dimer results.

Limitation: The duration of anticoagulation, timing of D-dimer test-
ing, and D-dimer assay varied across studies.

Conclusion: In patients who have completed at least 3 months of
anticoagulation for a first episode of unprovoked VTE and after
approximately 2 years of follow-up, a negative D-dimer result was
associated with a 3.5% annual risk for recurrent disease, whereas a
positive D-dimer result was associated with an 8.9% annual risk for
recurrence. These rates should inform decisions about the balance
of risks and benefits of prolonging anticoagulation.
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The optimal duration of anticoagulation for patients
with a first episode of unprovoked venous thromboem-

bolism (VTE), which occurs in the absence of a known risk
factor, is uncertain (1, 2). At least 6 months of anticoagu-
lation has been recommended because of presumed higher
rates of recurrence with shorter durations of treatment (1,
3, 4). However, recent randomized trials indicate that the
duration of anticoagulation seems to have little effect on
the rate of disease recurrence in patients with unprovoked
VTE; longer treatment only delays recurrence until after
anticoagulation is stopped (5, 6). The key clinical decision,
therefore, becomes whether to stop or to continue anti-
coagulation rather than the duration of treatment. This
decision is important because stopping anticoagulant ther-
apy may place some patients at risk for morbidity and
mortality due to recurrent VTE, whereas continuing anti-
coagulation exposes patients to the increased bleeding risk,
inconvenience, and costs of such treatment. Consequently,
identifying patients at low risk for recurrent VTE and who
may derive little benefit from prolonged anticoagulation
will probably help clinicians decide whether to stop or to
continue anticoagulant therapy.

A simple and easy-to-implement strategy is to measure
D-dimer, a fibrin degradation product, after anticoagula-
tion is interrupted. A negative (or low) D-dimer level may
identify patients at low risk for recurrent VTE, in whom
anticoagulation therapy may be stopped. Similarly, a posi-

tive (or increased) D-dimer level may identify patients with
a persistent prothrombotic tendency who, because they are
at relatively high risk for recurrent VTE, warrant long-term
anticoagulation. Prospective studies initially showed that
D-dimer predicted recurrent VTE (7–9), and a subsequent
trial found that patients with an elevated D-dimer level 1
month after stopping anticoagulant therapy had a VTE
recurrence rate of 15%, compared with 2.9% in those who
resumed anticoagulation (10). Although the findings are
promising, debate continues about using D-dimer to help
decide whether to stop or to continue anticoagulation (11,
12).

Contributing to the controversy is the low power of
individual studies to provide precise estimates of the effect
of D-dimer levels on the risk for recurrent VTE after inter-

See also:

Print
Editors’ Notes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 482

Web-Only
Appendix Table
Appendix Figures
CME quiz
Conversion of graphics into slides

Annals of Internal Medicine Review

© 2008 American College of Physicians 481



rupting anticoagulation. Furthermore, some studies have
reported findings in a heterogeneous patient population,
which limits the findings’ applicability to patients with un-
provoked VTE.

Given the uncertainty about the role of D-dimer test-
ing in predicting disease recurrence and the limitations of
individual studies, we did a systematic review and meta-
analysis of studies that measured D-dimer in patients who
had stopped anticoagulant therapy for a first episode of
unprovoked VTE to assess the value of D-dimer as a pre-
dictor of recurrent disease. Our objective was to provide
precise and reliable estimates of the risk for recurrent VTE
in patients with negative and positive D-dimer results.

METHODS

We did all parts of the systematic review indepen-
dently and in duplicate. We included studies that mea-
sured D-dimer after stopping anticoagulant therapy in pa-
tients with a first unprovoked VTE who received at least 3
months of anticoagulation. We calculated the pooled an-
nualized risk and predictive values for positive and negative
D-dimer results.

Data Sources and Search Strategy
We searched for prospective cohort or randomized,

controlled trials, regardless of language, that used D-dimer
to predict recurrent VTE by searching MEDLINE (1950
to March 2008, week 1; in-process and other nonindexed
citations, 14 March 2008), EMBASE (1980 to 2008, week
11), CINAHL (1982 to March 2008, week 1), and the
Cochrane Central Register of Controlled Trials (2008, first

quarter). The Appendix Table (available at www.annals
.org) shows the search strategies, which were supplemented
by manual review of reference lists and contact with con-
tent experts.

Study Inclusion Criteria
Two investigators independently selected studies and

resolved disagreements through consensus. We included a
study if it was a randomized, controlled trial or prospective
cohort study that measured D-dimer 3 weeks to 2 months
after stopping anticoagulant therapy in patients with VTE
who received at least 3 months of anticoagulation. Studies
included patients with a first unprovoked VTE. Although
we lack a formally established definition for unprovoked
VTE, people agree that unprovoked VTE occurs in the
absence of a transient (for example, surgery) or permanent
(for example, cancer) risk factor, although uncertainty re-
mains about how to classify some patients with VTE who
have a weak antecedent risk factor, such as exposure to
hormonal therapy. For our study, VTE in patients who
were exposed to hormonal therapy may have been classified
as provoked or unprovoked on the basis of the classifica-
tion in the original studies. All included studies followed
patients for recurrence of symptomatic VTE after stopping
anticoagulation, and outcomes were objectively confirmed
and independently adjudicated.

We considered abstracts and unpublished studies, and
if the study was assessed to be potentially relevant, we con-
tacted authors for additional study data as required. For
studies by the same authors with overlapping enrollment
dates, we contacted authors to explain. Studies published
in languages other than English were translated and then
assessed by both investigators, according to the inclusion
and exclusion criteria.

Data Extraction
We extracted data and present them according to

guidelines proposed by the Meta-analysis Of Observational
Studies in Epidemiology (MOOSE) group (13). For each
study, 2 investigators who were blinded to the study au-
thors and journal in which the studies were published in-
dependently extracted data on study design, patient char-
acteristics, D-dimer testing (assay type, threshold, timing of
testing), anticoagulant therapy for VTE, duration of fol-
low-up, and recurrent events.

If any of these core data were missing, we contacted
the study authors to request the relevant data. Further-
more, if the D-dimer testing was done outside of the range
of 3 weeks to 2 months or if patients had experienced
several VTE events, we obtained individualized data for
patients who met study inclusion criteria. For studies that
randomly assigned patients to resume anticoagulation after
a positive D-dimer result (10, 14), we excluded patients in
the treatment group and considered only patients with
negative or positive D-dimer results in the control group.
For data presented in more than 1 publication, we ex-
tracted data from the most recent publication and used

Context

A test to identify patients at low risk for recurrent venous
thromboembolism could help with the decision whether to
continue or stop anticoagulant treatment.

Contribution

The authors’ systematic review identified 7 studies that
measured D-dimer 3 to 6 weeks after treatment for a first
unprovoked venous thromboembolism was stopped. Re-
currence rates within approximately 2 years were 8.9%
and 3.5% in patients with a positive and negative D-dimer
test result, respectively.

Caution

The studies used different D-dimer assays.

Implication

D-Dimer tests are a promising method for discriminating
between patients with higher and lower risks for recurrent
VTE. Proper evaluation of these tests requires additional
studies of recurrence rates in D-dimer–negative patients.

—The Editors
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earlier publications to clarify data. We resolved disagree-
ments about study data extraction by consensus or by dis-
cussion with a third reviewer.
Quality Assessment

Two investigators who were blinded to the identi-
ties of the study authors and journal of publication in-
dependently assessed study quality. The Newcastle–
Ottawa Score for observational studies (15) served as a
template. We assessed for methodological features that
are associated with study quality, including study design
(prospective vs. retrospective), method of patient enroll-
ment (consecutive vs. nonconsecutive), method of out-
come assessment (blinded vs. nonblinded), duration of
anticoagulation (�12 months or �12 months), number
of patients lost to follow-up, and funding source.
Data Synthesis and Quantitative Pooling

For each study, we determined the annualized risk
(that is, risk per patient-year of follow-up) and 95% CIs of
recurrent VTE in patients with unprovoked VTE, on the
basis of the definition used in each study, with positive or
negative D-dimer values after stopping anticoagulation. By
taking the reciprocal of the variance of the rate as weights,
we then calculated pooled annualized rates and 95% CIs.
The pooled effect of D-dimer was further evaluated by us-
ing a mixed-effect Poisson model in which a positive or
negative D-dimer result was treated as a fixed effect, study
was treated as a random effect, and person-time served as
the exposure variable (offset). We estimated the pooled
incidence rate ratio from the model. The model was fitted
by using the GLIMMIX procedure in SAS software, ver-
sion 9.2 (SAS Institute, Cary, North Carolina). We did
heterogeneity testing before pooling the rates. If the test
indicated existence of statistically significant heterogeneity,
we used a random-effects model to calculate the pooled
rate; otherwise, we used a fixed-effects model (RevMan,
version 4.2, Nordic Cochrane Centre, Cochrane Collabo-
ration, Copenhagen). Funnel plots were generated to assess
for publication bias. To explore potential sources of heter-
ogeneity, we considered variability in participants, D-dimer
testing, and study design.

RESULTS

Study Identification and Selection
We identified 350 potentially relevant studies: 245

from MEDLINE, 100 from EMBASE, 4 from the Coch-
rane Library, and 1 from CINAHL (Figure). We excluded
323 studies after screening titles and abstracts by using the
predefined inclusion and exclusion criteria and retrieved
the remaining 27 studies for more detailed evaluation (7–
10, 14, 16–37). We identified another 6 studies by man-
ually reviewing the reference list of retrieved articles (38–
43). Through contact with content experts, we identified 3
additional nonindexed studies (44–46). Of the 36 re-
trieved studies, 29 were excluded for the following reasons:
did not address the question of interest (n � 10) (16–22,
38, 39, 41); had duplicate data (n � 5) (7, 23–26); D-

dimer was not measured after stopping anticoagulation
(n � 6) (32–35, 42, 43); no subset with unprovoked VTE
was reported (n � 6) (27–31, 36); and relevant data were
not obtainable (n � 2) (37, 40). Therefore, we included 7
studies in this review (8–10, 14, 44–46).

Five studies were prospective cohort studies (8, 9, 44–
46) and 2 were randomized trials (10, 14) (Table 1), with
a total of 3225 patients. Of these patients, 1888 had a first
unprovoked VTE and met criteria for our analysis. Five of
the cohorts (8, 14, 44–46) were reported as subgroups of
mixed-population studies (unprovoked and provoked VTE;
first and recurrent VTE). The remaining 2 studies consisted
solely of patients with a first unprovoked VTE (9, 10). All
patients received treatment with a vitamin K antagonist, usu-
ally warfarin, for at least 3 months.

Table 2 shows the characteristics of the D-dimer test-
ing. D-Dimer was measured 3 weeks to 2 months after
stopping anticoagulant therapy in 6 of the studies. For the
study by Shrivastava and colleagues (14), only data for
patients tested 20 to 30 days after stopping anticoagulation
were included in our analysis.

Study Quality
Table 3 shows the assessment of study quality. All 7

studies used regularly scheduled clinic visits to monitor for

Figure. Study flow diagram.
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VTE � venous thromboembolism.
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VTE recurrence and confirmed recurrence with diagnostic
imaging (for example, compression ultrasonography or venog-
raphy for deep venous thrombosis; ventilation–perfusion lung
scanning or spiral computed tomography for pulmonary em-
bolism). Independent observers who were blinded to clinical
data, including D-dimer status, assessed outcomes in all stud-
ies. All 5 prospective cohort studies enrolled consecutive pa-
tients. The duration of follow-up was greater than 12 months
in all 7 studies. Only 2 studies reported the number of pa-
tients lost to follow-up (10, 45); the rates of loss to follow-up
were 1.8% and 0.005%.

Incidence of Recurrent VTE after Stopping Anticoagulant
Therapy, according to D-Dimer Result

Of 1888 patients, 907 (48.0%) had a positive D-dimer
result after stopping anticoagulation; of these, 165 (18.2%)
had recurrent VTE during 2462 person-years of follow-up.

Recurrent VTE occurred in 7.5% of patients with a nega-
tive D-dimer result after stopping anticoagulation during
2040 person-years of follow-up. Analysis of annualized risk
showed a higher risk for VTE recurrence per patient-year
of follow-up in the positive D-dimer posttreatment group:
8.9% (95% CI, 5.8% to 11.9%) per year in patients with
a positive D-dimer result and 3.5% (CI, 2.7% to 4.3%) per
year in patients with a negative D-dimer result (Table 4).
From the mixed-effect Poisson model, the pooled inci-
dence rate ratio was 2.20 (CI, 1.65 to 2.94; P � 0.002),
suggesting that the risk for recurrent VTE in patients with
a positive D-dimer result is 2.2 times that in patients with
a negative D-dimer result.

Study Heterogeneity and Potential Publication Bias
We found no statistical heterogeneity across studies for

the outcome of a negative posttreatment D-dimer result (chi-

Table 1. Study Characteristics

Author, Year
(Reference)

Study Design Inclusion Criteria Exclusion Criteria Index VTE Anticoagulant
Therapy (Target
INR)

Palareti et al.,
2003 (8)

Prospective cohort,
single center

Adults with first VTE
episode

Lupus anticoagulant Leg DVT and/or
PE

Warfarin or
acenocoumarol
(2.0–3.0)

Eichinger et al.,
2003 (9)

Prospective cohort,
single center

Adults with first
unprovoked VTE
episode

Surgery, trauma, or pregnancy in the
previous 3 mo; cancer; lupus
anticoagulant; natural coagulation
inhibitor deficiency; long-term
anticoagulant treatment

DVT and/or PE Phenprocoumon or
acenocoumarol
(2.0–3.0)

Palareti et al.,
2006 (10)

Randomized,
controlled trial;
multicenter

Adults with first
unprovoked VTE
episode

Pregnancy or puerperium; recent fracture
or plaster casting of leg; immobilization
for �3 d (consecutively); surgery with
general anesthesia �30 min; cancer;
antiphospholipid antibody;
antithrombin deficiency; serious liver or
renal disease; other indication for or
contraindication to anticoagulation;
limited life expectancy; too far from
study center

Proximal leg DVT
and/or PE

Warfarin or
acenocoumarol
(2.0–3.0)

Shrivastava et al.,
2006 (14)

Randomized,
controlled trial;
multicenter

Adults with
unprovoked VTE

Surgery or trauma within 90 d of index
event; antiphospholipid antibody;
history of metastatic cancer; active
cancer; life expectancy �3 y

Leg DVT and/or
PE

Warfarin (2.0–3.0)

Tait et al.,
2007 (46)

Prospective cohort,
multicenter

Adults with acute
VTE in the
previous 5 wk

Life expectancy �3 mo; anticipated
duration of anticoagulation �1 y;
unavailable for follow-up (e.g.,
geographic or unreliable)

DVT and/or PE Warfarin (2.0–3.0)

Baglin et al.,
2008 (45)

Prospective cohort,
single center

Adults with first VTE
episode

Postoperative or pregnancy-associated
thrombosis; APS; cancer; thrombosis
within 6 wk of surgery; other
indication for prolonged
anticoagulation

Proximal leg DVT
and/or PE

Warfarin (2.0–3.0)

Poli et al.,
2008 (44)

Prospective cohort,
single center

First unprovoked VTE
or VTE episode
due to transient
risk factors

APS or active cancer Proximal leg DVT
and/or PE

Warfarin (2.0–3.0)

APS � antiphospholipid syndrome; DVT � deep venous thrombosis; ELISA � enzyme-linked immunosorbent assay; INR � international normalized ratio; LIA � latex
immunoassay; OAT � oral anticoagulant therapy; PE � pulmonary embolism; VTE � venous thromboembolism.
* bioMérieux, Marcy l’Etoile, France.
† Diagnostica Stago, Parsippany, New Jersey.
‡ 505 patients were not randomly assigned to resume OAT.
§ Inverness Medical Professional Diagnostics, Louisville, Colorado.
� 250 patients were not randomly assigned to resume OAT.
¶ Patients with a single previous episode of VTE and D-dimer testing 20 to 30 days after stopping anticoagulant therapy.
** Trinity Biotech, Wicklow, Ireland.
†† Instrumentation Laboratory, Milan, Italy.
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square � 2.81; I2 � 0%; P � 0.832) but statistically signifi-
cant heterogeneity for the outcome of a positive posttreatment
D-dimer result (chi-square � 23.8; I2 � 75%; P � 0.001). As
shown in Appendix Figures 1 and 2 (available at www.annals
.org), publication bias was assessed with funnel plots for
the outcomes of a negative or a positive posttreatment D-
dimer result. The funnel plot for the negative D-dimer
outcome showed symmetric clustering of findings, suggest-
ing the absence of publication bias. The funnel plot for the
positive D-dimer outcome showed a wider dispersion of
findings, suggesting that unpublished studies with results at
the extremes of this outcome may exist. The asymmetry in the
positive D-dimer funnel plot may also reflect the noted statis-
tical heterogeneity.

DISCUSSION

We aimed to provide reliable and precise estimates of
the annual risk for recurrent VTE in patients with a first
unprovoked VTE based on D-dimer levels obtained after
stopping anticoagulant therapy. Our findings reflect a
pooled analysis of approximately 1900 patients who had,
on average, approximately 2 years of follow-up after anti-

coagulation was stopped. We found that patients with a
negative D-dimer result have an annual risk for recurrent
VTE of 3.5%, whereas patients with a positive D-dimer
result have an annual risk for recurrent VTE of 8.9%. To
our knowledge, this report is the first to provide a pooled
analysis of D-dimer as a predictor for recurrent VTE.

We believe our findings are reliable and precise for
several reasons. First, we identified high-quality studies in
which patients received a standardized course of anticoag-
ulation for at least 3 months, had regularly scheduled fol-
low-up, and had recurrent VTE that was objectively con-
firmed and independently adjudicated without previous
knowledge of posttreatment D-dimer test results. Second,
we used studies that had well-defined and similar patient
populations with a first symptomatic, unprovoked VTE.
Third, all included patients had D-dimer testing after anti-
coagulation had been stopped. Although the timing of D-
dimer testing varied from 3 weeks to 2 months, testing was
sufficiently remote from the receipt of anticoagulant ther-
apy to rule out an effect of therapy on D-dimer levels but
was close enough to the time of stopping anticoagulation
to minimize a recurrent VTE in the intervening period.
Finally, when study findings were uncertain (for example,

Table 1—Continued

Minimum
Duration of
Therapy, mo

Assay (Type) Normal D-Dimer
Value, �g/L

Recurrence Monitoring Study
Patients,
n

Patients Included in
Unprovoked VTE
Meta-analysis

3 VIDAS (ELISA)* �500 Clinical visits 3 mo after OAT
discontinuation, then every 6 mo;
instructed to contact if symptomatic

599 282

3 Asserachrom (ELISA)† �250 Clinical visits every 3 mo for 1 y, then every
6 mo

610 610

3 Liatest
(immunoturbidometric)†

Qualitative
(abnormal vs.
normal)

Clinical visits every 3–6 mo; instructed to
contact if symptomatic

608‡ 505

3 Clearview Simplify
(Qualitative)§

�500 Clinical visits every 2 mo 501� 45¶

3 VIDAS (ELISA)* �500 Nurse visit at 3 mo, 1 y, and 2 y after OAT
discontinuation; instructed to contact if
symptomatic

340 129

3 MDA (LIA)** �500 Yearly follow-up 272 142

6 IL-Test (LIA)†† �250 Follow-up twice in the first year and once
thereafter; instructed to contact if
symptomatic

295 175
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timing of posttreatment D-dimer testing) or not specific to
the patient population of interest (for example, reported
without distinguishing between patients with a first and
recurrent VTE), we contacted study authors to obtain in-
dividual patient–level data for patients meeting inclusion
criteria. This strategy enabled us to include the maximum
numbers of studies and patients, including studies pub-
lished only in abstract form, which avoided loss of preci-
sion in our findings.

The studies were statistically heterogeneous for the
outcome of a positive posttreatment D-dimer result—al-
though not for the outcome of a negative posttreatment
D-dimer result—and warrant commentary. We identified 2

potential sources of heterogeneity. First, the studies dif-
fered in the events that they defined as VTE. Although
90% to 100% of patients in 5 studies (8, 10, 14, 44, 45)
had proximal lower-limb deep venous thrombosis or pul-
monary embolism as the index event, 1 study (9) also in-
cluded 140 (23%) patients with calf venous thrombosis
and 27 (4%) patients with upper-limb thrombosis. An-
other study (46) included 16 (12%) patients with calf ve-
nous thrombosis and 2 (2%) patients with upper-limb
thrombosis. Calf venous and upper-limb thrombosis may
be less prone to recur. The relatively high proportion of
index events at these sites in the first study (9) may have
contributed to the lower rates of recurrence and predictive

Table 2. Patient Characteristics

Author, Year
(Reference)

Age, y Women,
%

Duration of
Anticoagulation
(Median), mo

Timing of D-Dimer
Testing after Oral
Anticoagulant Therapy
Discontinuation

Follow-up after Oral
Anticoagulant Therapy
Discontinuation, mo

Palareti et al.,
2003 (8)

Median, 67 50 �3 (NR) 21–37 d Median, 17.6

Eichinger et al.,
2003 (9)

NR 56 �3 (NR) 3 wk Mean, 38

Palareti et al.,
2006 (10)

Mean, 63 48 �3 (NR) 20–40 d Range, 9–18

Shrivastava et al.,
2006 (14)

NR 47 �3 (6.5) 12 d–2 y* Median, 25
(range, 0.4–51.6)

Tait et al.,
2007 (46)

NR 49 �3 (NR)† 24–28 d Median, 19.5
(range, 0.8–46.6)

Baglin et al.,
2008 (45)

Median, 65 48 �3 (6.0) 1–2 mo Median 38.6
(range, 2–71)

Poli et al.,
2008 (44)

Median, 62 47 �6 (12)‡ 30–37 d Median, 25
(range, 1–120)

NR � not reported.
* Only patients with D-dimer testing 20–30 d after anticoagulant therapy were included.
† 6 patients received �3 mo of anticoagulant therapy (range, 32–89 d).
‡ Unprovoked venous thromboembolism subgroup.

Table 3. Study Quality Assessment

Author, Year
(Reference)

Method of Patient
Enrollment

Outcome
Assessment

Duration of Follow-up
>12 Months

Patients Lost to Follow-up
after D-Dimer Testing, n
(%)

Funding Source

Palareti et al.,
2003 (8)

Consecutive Independent,
blinded

Yes (17.4 mo) NR NR

Eichinger et al.,
2003 (9)

Consecutive Independent,
blinded

Yes (mean, 38 mo) NR Grant from the Jubiläumsfonds,
Oesterreichische Nationalbank,
Vienna, Austria

Palareti et al.,
2006 (10)

NA Independent,
blinded

Yes (9–18 mo) 3 (0.005) The Italian Federation of
Anticoagulation Clinics and the
Department of Angiology and
Blood Coagulation of the South
Orsola-Malpighi University
Hospital, Bologna, Italy

Shrivastava et al.,
2006 (14)

NA Independent,
blinded

Yes (median, 25 mo) NR NR

Tait et al.,
2007 (46)

NR Independent,
blinded

Yes (median, 19.5 mo) NR NR

Baglin et al.,
2008 (45)

Consecutive Independent,
blinded

Yes (median, 38.6 mo) 5 (1.8) NR

Poli et al.,
2008 (44)

Consecutive Independent,
blinded

Yes (median, 25 mo) NR NR

NA � not applicable; NR � not reported.

Review D-Dimer to Predict Recurrent Disease in Patients with Unprovoked Venous Thromboembolism

486 7 October 2008 Annals of Internal Medicine Volume 149 • Number 7 www.annals.org



values seen in this study. The second study (46) found a
higher risk for recurrent VTE in patients with a positive
posttreatment D-dimer result; this study may have been an
outlier because of the small number of patients that we
included from it.

Second, studies used different D-dimer level cutoffs to
define a positive or negative result. Six of 7 studies used the
manufacturer-defined cutoffs to determine positive or neg-
ative posttreatment D-dimer status. However, 1 study (9)
arbitrarily stratified patients into D-dimer quartiles post
hoc, and it used a cutoff of 250 �g/L to determine rates of
VTE recurrence in patients with D-dimer results above and
below this level. The manufacturer suggested using a level
greater than 500 �g/L as a positive result for this assay
(Asserachrom D-dimer enzyme-linked immunosorbent as-
say, Diagnostica Stago, Parsippany, New Jersey). On the
funnel plot for positive posttreatment D-dimer results, this
study is the outlier (9).

Other studies have assessed predictors of recurrent dis-
ease in patients with unprovoked VTE. For patients with
deep venous thrombosis, the presence of residual disease on
venous ultrasonography may predict an increased risk for
disease (47, 48), although some studies do not show this
effect (24, 49). Male sex is a consistent predictor of recur-
rent VTE (50, 51). Although prothrombotic blood abnor-
malities, such as the factor V Leiden or prothrombin mu-
tation, are associated with an increased risk for a first VTE,
the presence of these abnormalities may not confer a clin-
ically important increased risk for recurrent VTE (43, 52,
53). Other putative risk factors for recurrent disease in-
clude increasing age and obesity (42).

Our study has potential limitations. First, because
none of the included studies was blinded to history of
VTE, there is potential for biased ascertainment of out-
comes because of studying a sample deemed susceptible to
disease recurrence. However, biased ascertainment is un-
likely, because all patients—regardless of D-dimer results—
were assessed for recurrent VTE through standardized pa-
tient follow-up or patient self-report. Second, the duration
of anticoagulation varied across studies, which is not unex-
pected because this is uncertain for unprovoked VTE.
However, the duration of anticoagulation does not seem to
influence the risk for recurrent VTE in patients with un-
provoked VTE (5). Third, the timing of D-dimer testing
after anticoagulation was stopped varied across studies.
This might have influenced the rate of false-positive and
false-negative results if D-dimer levels were spuriously low
because they were measured too soon after anticoagulation
was stopped. However, the across-study consistency in our
findings, especially for a negative posttreatment D-dimer
result, suggests that as long as D-dimer is measured 3 weeks
to 2 months after anticoagulation is stopped, it consistently
predicts the risk for recurrent VTE. The D-dimer cutoff
that best predicts recurrent VTE is not known, especially
in patient subgroups, such as elderly persons, in whom
baseline D-dimer levels are increased (54). Fourth, although
quality varied across studies, key methodological features,
such as independent adjudication of outcomes, were
present across all studies. Finally, the studies did not all use
the same assays of D-dimer—a real-world predicament be-
cause several commercially available D-dimer assays are
widely used. Without a worldwide standard for D-dimer

Table 4. Annualized Risk for Recurrence in Patients with Unprovoked Venous Thromboembolism

Author, Year (Reference) Patients,
n

Person-Years Recurrent Venous
Thromboembolism, n

Annualized Risk
(95% CI), %

Patients with positive D-dimer
result after anticoagulation

Palareti et al., 2003 (8)* 139 316 23 7.3 (4.3–10.3)
Eichinger et al., 2003 (9)* 401 1409 63 4.5 (3.4–5.6)
Palareti et al., 2006 (10) 120 166 18 10.9 (5.9–15.9)
Shrivastava et al., 2006 (14) 15 26.5 3 11.3 (0.0–24.1)
Tait et al., 2007 (46) 71 125 18 14.4 (7.7–21.1)
Baglin et al., 2008 (45) 91 261 23 8.8 (5.2–12.2)
Poli et al., 2008 (44) 70 158.1 17 10.8 (5.6–15.9)

Pooled 907 2461.6 165 8.9 (5.8–11.9)†

Patients with negative D-dimer
result after anticoagulation

Palareti et al., 2003 (8)* 143 363 10 2.8 (1.0–4.5)
Eichinger et al., 2003 (9)* 209 536 16 3.0 (1.5–4.4)
Palareti et al., 2006 (10) 30 550 24 4.4 (2.6–6.1)
Shrivastava et al., 2006 (14) 30 54.7 2 3.7 (0.0–8.7)
Tait et al., 2007 (46) 58 104 4 3.8 (0.1–7.6)
Baglin et al., 2008 (45) 51 167 8 4.8 (1.5–8.1)
Poli et al., 2008 (44) 105 265.5 10 3.8 (1.4–6.1)

Pooled 981 2040.2 74 3.5 (2.7–4.3)‡

* Person-years were estimated on the basis of survival curves.
† Heterogeneity test: chi-square � 23.8 (I2 � 75%; P � 0.001); therefore, a random-effects model was used to find the pooled rate.
‡ Heterogeneity test: chi-square � 2.81 (I2 � 0%; P � 0.83).
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testing, comparison of data obtained with different assays is
difficult. However, assay heterogeneity was a minor prob-
lem given the consistent findings across studies that used
different D-dimer assays.

Our findings should influence decision making. The
low risk for recurrence with a negative D-dimer result sug-
gests that long-term anticoagulation may not be necessary
in all patients with unprovoked VTE. The annual recur-
rence rate of 3.5% (as high as 4.3% based on an upper
bound of 95% CI) is similar to the risk for recurrent VTE
in patients with a first secondary VTE (occurring after
exposure to a transient risk factor) (4), in whom 3 months
of anticoagulation is recommended. This rate, however,
may not be low enough for some clinicians or patients to
stop anticoagulation. A negative D-dimer result also could
be used in combination with other factors associated with a
low risk for disease recurrence, such as female sex (55) and
younger age (42). In the case of a positive D-dimer result,
the annual risk for recurrent VTE of 8.9% (as high as
11.9% based on an upper bound of 95% CI) may justify
resumption of and indefinite continuation of anticoagula-
tion. Ultimately, the clinician must weigh the risk and
clinical effect of recurrent VTE if anticoagulation is
stopped against the risk (56) and clinical effect of bleeding
with prolonged anticoagulation in the context of the pa-
tient’s values and preferences. We do not endorse the use
of D-dimer as a stand-alone test to determine whether to
stop or to continue anticoagulation in patients with a first
unprovoked VTE. Ideally, D-dimer should be part of a
clinical prediction rule that incorporates both clinical and
laboratory features to better predict recurrent VTE in an
individual patient. Furthermore, additional research is
needed to establish the optimal interval between stopping
anticoagulation and performing D-dimer testing, to iden-
tify the optimal D-dimer cutoff that predicts recurrence
and to develop a clinical prediction rule for recurrent VTE.

In summary, measuring D-dimer after stopping anti-
coagulant therapy helps to predict whether VTE will recur.
A negative D-dimer result defines a low risk for recurrent
VTE.
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Appendix Table. Literature Search Strategy*

Exp Anticoagulants (146 200)
Anticoagulant$mp. (53 721)
Anticoagulant$mp. (16 757)
1 or 2 or 3 (162 965)
Adult (3 059 203)
Exp fibrin fibrinogen degradation products (5250)
D-dimer mp. (3617)
6 or 7 (6844)
Exp Recurrence or recurrence mp. (244 525)
Recurrent $ mp. (133 809)
9 or 10 (320 718)
Exp predictive value of tests or predictive value mp. (103 031)
11 or 12 (417 703)
Thromboembolism mp. or exp thromboembolism (41 020)
Venous thrombosis mp. or exp venous thrombosis (41 958)
Pulmonary embolism mp. or exp pulmonary embolism (29 612)
14 or 15 or 16 (94 141)
4 and 5 and 8 and 13 and 17 (222)

* Database search done on Ovid MEDLINE 1950 to March 2008, week 1. Num-
bers in parentheses are the number of citations found by search strategy.

Appendix Figure 1. Funnel plot for negative posttreatment
D-dimer result: annual risk.
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Appendix Figure 2. Funnel plot for positive posttreatment
D-dimer result: annual risk.
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