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Essentials

D-dimer testing after discontinuing anticoagulation, which raises concern about early
recurrence.

Objectives: To assess the incidence of recurrent VTE within 30 days after stopping
anticoagulation.

Methods: We conducted a systematic review of EMBASE, CENTRAL, and MEDLINE to
identify controlled trials and cohort studies of adult noncancer patients with deep vein
thrombosis of the leg and/or pulmonary embolism treated with anticoagulants for >3
months. The primary outcome was symptomatic VTE within 30 days. The risk of bias
was assessed using a modified version of the Newcastle-Ottawa Scale. Pooled
recurrence rates were calculated using fixed random-effects meta-analyses.

Results: Of 42 studies, 24 (57%) provided data, encompassing 11,407 patients. Early
recurrence occurred in 115 patients (1.01%), with a pooled incidence of 1.04% (95%
Cl, 0.8%-1.4%). Men had a risk similar to that of women (risk ratio, 1.2; 95% Cl, 0.6-2.3;
P =.7). Unprovoked VTE was associated with a 2.6-fold increase in risk (95% Cl, 1.4-
4.6; P < .001) compared with provoked VTE. Patients with deep vein thrombosis at
presentation had a similar risk of recurrence compared with those with an incident
pulmonary embolism (risk ratio, 0.6; 95% Cl: 0.3-1.2; P = .1). Findings regarding age
were inconsistent. None of the recurrences was fatal. The overall risk of bias was low.
Conclusion: The incidence of early VTE recurrence after stopping anticoagulation is
low. Temporarily discontinuing therapy to assess recurrence risk, therefore, appears

safe and may aid in guiding treatment duration.

KEYWORDS
anticoagulation, early recurrence, incidence, meta-analysis, venous thromboembolism

o Off-therapy D-dimer tests after VTE raise concern about early recurrence.

o We performed a systematic review and meta-analysis of studies of VTE patients anticoagulated for >3 months.

e Early recurrence was rare (1.04%). Stopping anticoagulation briefly appears safe.

o Off-therapy assessment may help guide treatment duration.

1 | INTRODUCTION

Venous thromboembolism (VTE) is a common condition with a high
risk of recurrence. Although anticoagulant therapy is effective in
preventing recurrence, it also increases the risk of bleeding [1].
Therefore, long-term management of VTE requires a careful balance
between the risk of recurrence and the potential for bleeding asso-
ciated with anticoagulation.

In recent years, risk assessment models have been developed
to improve the prediction of VTE recurrence and help optimize the
duration of anticoagulant therapy [2-11]. Several models,
including VPM [3,4], DASH [5], L-TRRiP [6], Continu-8 [7], DAM-
OVES [8], and HERDOOZ2 [9], combine clinical risk factors with

laboratory biomarkers of coagulation activation. To avoid
the confounding effects of ongoing anticoagulation on these
biomarkers, measurements are typically performed 3 to 4 weeks
after therapy is discontinued. However, this approach introduces a
critical period during which patients are potentially vulnerable to
early recurrent thromboembolic events. For example, in one of
our studies, 7 of 818 patients with a first unprovoked VTE expe-
rienced a recurrent event within 3 weeks of stopping anti-
coagulation [4].

This observation raises an important clinical question: is the
temporary interruption of anticoagulation—required for the use of
certain risk assessment models—justifiable, especially for patients at

a potentially high risk of recurrence?



EISCHER ET AL

The aim of this systematic review was to evaluate the incidence
of recurrent deep vein thrombosis (DVT) or pulmonary embolism (PE)
within the first 30 days following the cessation of anticoagulant

therapy, ie, the rate of early recurrence.

2 | METHODS

2.1 | Protocol and registration

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines [12,13]. The protocol was registered on the
PROSPERO platform (registration number CRD42023373784) on
March 19, 2023.

2.2 | Eligibility criteria

We included full-text articles of controlled trials and prospective
observational studies published between 1995 and 2022, with ti-
tles and abstracts available in English. Eligible studies had to report
on the recurrence risk in adults with an objectively confirmed
symptomatic episode of DVT of the lower limb and/or PE following
discontinuation of at least 3 months of anticoagulant therapy.
Studies focusing on patients with cancer were excluded, as were
retrospective studies, meta-analyses, registries, and study designs
that did not allow for the estimation of recurrence incidence,
such as cross-sectional studies, case-control studies, and case

reports.

2.3 | Literature search

We conducted a systematic search of EMBASE, MEDLINE, and
CENTRAL using predefined search terms. Detailed search strategies
are provided in Supplementary Tables S1-S3. We also screened the
reference lists of the included studies and consulted field experts to
identify any additional relevant publications.

Duplicate records were removed prior to screening. In cases
where multiple studies reported data from the same patient cohort,
we included only the largest study that met our eligibility criteria.

Two independent reviewers (P.A.K. and L.E.) screened titles and
abstracts for relevance. Discrepancies were resolved through dis-
cussion; if consensus could not be reached, a third reviewer (S.E.)
provided the final decision. Full texts of eligible studies were then
retrieved and evaluated by the same reviewers using the inclusion
and exclusion criteria. All 3 reviewers are medical doctors with a
strong research background in thrombosis.

Some observational cohort studies and controlled trials
included both patients who had discontinued anticoagulation and
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those who remained anticoagulated throughout follow-up. For
our analysis, we included only patients who had stopped
anticoagulation.

In controlled trials comparing short- vs longer-term anti-
coagulation (eg, 6 weeks vs 6 months), only patients in the 6-month
treatment group were included in the analysis.

2.4 | Data extraction
Two reviewers (P.AK. and L.E.) independently extracted data from
the selected full-text articles using a standardized data collection
form. Extracted information included the authors’ names, country,
year of publication, study design, recruitment period, total number of
participants, number of participants included in the analysis, partic-
ipants’ characteristics (age and sex), location of the index VTE and
classification as provoked or unprovoked (based on criteria defined in
each study), and the type and duration of anticoagulation. Discrep-
ancies were resolved through discussion with a third author (S.E.).
None of the published studies reported detailed data on patients
with early recurrences or their characteristics. Therefore, we con-
tacted the first or corresponding authors by email to request this
information, including the number of early recurrences, patients’ age
and sex, location of the index VTE, type and duration of initial anti-
coagulation, time from anticoagulation cessation to recurrence, and
whether the recurrence occurred with or without a provoking factor.
A second follow-up email was sent if clarification was needed or
if no response was received.

2.5 | Risk of bias assessment

We assessed the incidence of early recurrent VTE in patients who
had discontinued anticoagulation. Each study, or each relevant arm of
a controlled trial, was treated as an independent observational
cohort. To evaluate study quality, we used a modified version of the
Newcastle-Ottawa Scale [14], which scores studies from O to 6 based
on 3 selection and 3 outcome criteria: inclusion of a representative
patient sample, confirmation that the outcome was absent at base-
line, independent and blinded adjudication of outcomes, and ade-
quacy of follow-up duration and completeness [1]. Risk of bias was
assessed independently by 2 researchers (P.A.K. and S.E.). Studies
scoring 5 or more points were considered to have a low risk of bias.

2.6 | Outcome measures

The primary outcome was symptomatic recurrence of DVT of the
lower limb and/or PE within 30 days of stopping anticoagulation.
Recurrent DVT had to be diagnosed by compression ultrasound or
venography, and recurrent PE had to be confirmed by spiral computed
tomography or ventilation-perfusion scanning. We further evaluated
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potential risk factors for recurrence, including patient sex, age, location

of the index event, and the presence or absence of a provoking factor.

2.7 | Statistical analysis and data synthesis

For each study, we calculated the proportion of early recurrences
and the corresponding 95% Clopper-Pearson Cls. A continuity
correction of 0.5 was applied to studies with zero cell frequencies.
We used the inverse-variance method to pool study data and esti-
mate the overall proportion of early recurrences. To assess differ-
ences in recurrence rates, risk ratios (RRs) with 95% Cls were
calculated and pooled using the Mantel-Haenszel method. Compar-
isons were made by sex, the presence or absence of a provoking
factor, and the location of the index VTE. Since no common true
effects can be assumed due to variation in study populations, random
effects models were used to calculate the pooled rate and effects.
Thus, we accounted not only for within-study (sampling) variance but
also for between-study variation (heterogeneity). Estimation of the
pooled RR with respect to patient age was not possible, as data were

available only for patients with recurrences. Forest plots were

generated to present the results of the meta-analyses. All statistical
analyses were performed using R software (version 4.4.0, R Core

Team; R Foundation for Statistical Computing, Vienna, Austria).

3 | RESULTS

The study selection process is illustrated in Figure 1 in accordance with
the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines. A total of 2451 records were identified through
systematic database searches. After removing duplicates, 1535 unique
records remained for title and abstract screening, based on predefined
eligibility criteria. Following initial screening, 225 articles were selected
for full-text assessment. Of these, 42 studies fulfilled the inclusion
criteria and were considered for potential inclusion. However, none of
the studies reported the incidence of early recurrent VTE and/or the
characteristics of the affected patients; we therefore contacted the first
or corresponding author of each of the 42 studies. Sixteen authors did
not respond, and 2 datasets were no longer accessible. Ultimately, 24
studies provided sufficient data and were included in the final analysis of

early recurrent VTE following cessation of anticoagulation.

Additional records identified through other sources
n=17

.| Records excluded

N=1310

Full text articles excluded n=183
67 conference abstract
48 wrong study design

40 cancer
28 multiple reporting on same study population

Authors of 16 studies did not respond to email for
data request

2451 records identified from:
- Embase (n=1365)
) Mediline (n=898)
5 Central (n=188)
1
-
c
[
= Records after duplicates removed
n=1518
oy ¥
c Titles/Abstracts screened
o n=1535
Q
wv
A 4
Full-text articles assessed for eligibility
n=225
Z
5 v i
2 Eligible studies
“" n=42
All authors contacted for data on early
recurrences
=]
[ v
3 Studies included in systematic review
e N=24

One author had no access to data of 2 studies

FIGURE 1 Search and selection of studies for systematic reviews according to the Preferred Reporting Items for Systematic Reviews and

Meta-Analyses guidelines.
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3.1 | Characteristics of studies and patient
populations

Of the 24 studies included in the final analysis, 15 were prospective
cohort studies [4,15-28], and 9 were randomized controlled trials
[29-37]. Detailed
Supplementary Table S4. Twenty-three studies reported on the risk
of recurrent VTE after a first event [4,15-36], and 1 study described

the risk of recurrence after a second episode of VTE [37].

study characteristics are provided in

Twenty-three studies were conducted in Europe [4,15-18,20-37]
and 1in Canada [19].

In total, 11,407 patients with either provoked or unprovoked
VTE who had completed at least 3 months of initial anticoagulant
therapy were included in the analysis. Detailed characteristics of the
study populations are presented in the Table. Most patients received
vitamin K antagonists as their initial anticoagulant treatment.
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3.2 | Risk of bias

The individual components of the modified Newcastle-Ottawa Scale
for all the included studies are summarized in Supplementary
Table S5. Overall, the risk of bias was considered low, as no study
received a score below 5 (Table).

33 |
VTE

Incidence and risk factors of early recurrent

Among the 11,407 patients included in the analysis, 115 (1.01%)
experienced an early recurrence of lower extremity DVT or PE. The
pooled incidence of early recurrence was 1.04% (95% Cl, 0.8%-1.4%,
12 = 43%; Figure 2). Notably, 5 of the 24 included studies reported no

early recurrent events. Of the 115 recurrent events, 51 were PE, and

TABLE Characteristics of study populations for assessing the risk of early recurrent venous thromboembolism.
Location of VTE
OAC Age (y), Unprovoked DVT + Newcastle-Ottawa
Study stopped,n mean or median Women (%) VTE, n (%) DVTonly,n PE,n Scale Score (out of 6)
Boc et al. [15] 200 55 42 120 (60) 200 0 6
Bradbury et al. [29] 140 63 33 140 (100) N.A. N.A. 6
Cieslik et al. [16] 320 46 52 159 (50) 249 71 6
Couturaud et al. [30] 371 58 50 371 (100) 0 371 6
Couturaud et al. [31] 104 60 33 104 (100) 104 0 6
Di Minno et al. [17] 523 N.A. N.A. 203 (38) 704 119 6
Eischer et al. [32] 32 N.A. N.A. 32 (100) 19 13 6
Geersing et al. [33] 826 N.A. N.A. 826 (100) 434 449 6
Jiménez et al. [18] 91 69 46 91 (100) 91 0 5
Kearon et al. [19] 392 N.A. N.A. N.A. 183 227 6
Kyrle et al. [20] 815 53 34 815 (100) 491 324 6
Kyrle et al. [4] 818 54 30 818 (100) 873 413 6
Palareti et al. [21] 599 67 50 282 (47) 484 115 6
Palareti et al. [34] 608 66 48 (100) 608 (100) 381 227 6
Palareti et al. [22] 1010 66 45 771 529 469 6
Palareti et al. [23] 612 N.A. N.A. N.A. N.A. N.A. 6
Poli et al. [24] 206 N.A. N.A. N.A. 0 239 6
Potaczek et al. [25] 229 45 49 229 (100) 115 114 6
Prandoni et al. [26] 1626 66 72 864 (53) 1073 553 6
Prandoni et al. [35] 538 64 50 306 (57) N.A. N.A. 6
Schulman et al. [36] 454 61 43 287 (63) 790 107 6
Schulman et al. [37] 111 65 37 89 (80) 193 34 6
Van Hylckama Vlieg et al. [27] 626 53 47 298 (48) 378 248 6
Zabczyk et al. [28] 156 44 47 89 (57) 0 156 6

DVT, deep vein thrombosis; N.A., not available; OAC, oral anticoagulation; PE, pulmonary embolism; VTE, venous thromboembolism.
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Events per 100

Study Events Total observations Events(%) 95%-Cl Weight
Boc, 2017 0 200+ 0.00 [0.00; 1.83] 0.9%
Bradbury, 2019 0 140 +—— 0.00 [0.00; 2.60] 0.9%
Cieslik, 2018 2 320 #=— 0.62 [0.08; 2.24] 2.9%
Couturaud, 2015 4 371 1.08 [0.29; 2.74] 4.8%
Couturaud, 2019 3 104 —%—— 2.88 [0.60; 8.20] 3.9%
di Minno, 2014 6 523 +— 1.15 [0.42; 248] 6.1%
Eischer, 2009 1 32 — 3.12 [0.08; 16.22] 1.6%
Geersing, 2020 13 826 +— 1.57 [0.84; 2.68] 8.6%
Jimenez, 2006 0 91— 0.00 [0.00; 3.97] 0.9%
Kearon, 2015 3 392 #— 0.77 [0.16; 2.22] 3.9%
Kyrle, 2019 6 815 = 0.74 [0.27; 1.60] 6.1%
Kyrle, 2024 7 818 = 0.86 [0.34; 1.76] 6.6%
Palareti, 2003 3 599 =- 0.50 [0.10; 1.46] 3.9%
Palareti, 2006 5 608 +— 0.82 [0.27; 1.91] 5.5%
Palareti, 2014 6 1010 = 0.59 [0.22; 1.29] 6.1%
Palareti, 2022 5 612 +— 0.82 [0.27; 1.90] 5.5%
Poli, 2010 1 206 +— 0.49 [0.01; 2.67] 1.6%
Potaczek, 2016 0 229+ 0.00 [0.00; 1.60] 0.9%
Prandoni, 2007 36 1626 2.21 [1.56; 3.05] 11.2%
Prandoni, 2009 4 538 =— 0.74 [0.20; 1.89] 4.8%
Schulman, 1995 4 454 =— 0.88 [0.24; 2.24] 4.8%
Schulman, 1997 3 1M1 —=—- 2.70 [0.56; 7.70] 3.9%
Van Hylckama Vlieg, 2015 0 626+ 0.00 [0.00; 0.59] 0.9%
Zabczyk, 2017 3 156 ——'— 1.92 [0.40; 5.52] 3.9%

Random effects model

1.04 [0.80; 1.35] 100.0%

11407 ¢
[

0 5

Heterogeneity: /2 = 43.2%, t* = 0.1376, p = 0.0135

10 15

FIGURE 2 Rates of early recurrent venous thromboembolism after stopping anticoagulation.

importantly, no fatal events were reported. Of 64 patients with an
index DVT, 52 (81%) recurred as DVT; of 51 patients with an index
PE, 38 (75%) recurred as PE.

Patients with an unprovoked index VTE had a significantly
higher risk of early recurrence than those with a provoked event
(pooled RR, 2.6; 95% ClI, 1.4-4.6; P = .001; 12 = 0%). The pooled
incidence of early recurrence among patients with an unprovoked
VTE was 1.32% (95% Cl, 0.95%-1.8%,; 12 = 54%; Supplementary
Figure).

The risk of early recurrent VTE was not significantly higher in
men than in women, with a pooled RR of 1.2 (95% Cl, 0.6-2.3; P = .7;
I2 = 40%). Patients with DVT at presentation had a similar risk of
recurrence to those with incident PE (pooled RR, 0.6; 95% Cl, 0.3-1.2;
P=.1; 12 = 15%).

Findings regarding advanced age as a risk factor were inconsis-

tent. Among 13 studies reporting the age distribution of both the

overall cohort discontinuing oral anticoagulation and the subset with
early recurrences, 5 found younger ages in the early recurrence

group, 6 found older ages, and 2 reported no age difference.

4 | DISCUSSION

Determining the optimal duration of anticoagulation is a critical aspect
of managing patients with a history of VTE. Strategies to identify pa-
tients at high risk of recurrence who may benefit from extended
anticoagulation, and those at low risk in whom the bleeding risk may
outweigh the benefits of anticoagulation, often involve measuring
markers of coagulation activation, primarily D-dimer. These measure-
ments are performed either during anticoagulant therapy or, more
commonly, after its discontinuation once patients have completed at
least 3 months of treatment. However, interrupting anticoagulation,
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even briefly, increases the risk of early recurrent VTE and may be
particularly harmful to patients at high risk of recurrence.

In this systematic review, we found that the overall risk of
recurrent VTE within the first 30 days after anticoagulation cessation
is low. Among 11,407 patients with VTE, only 115 experienced early
recurrence of DVT or PE, yielding a pooled recurrence rate of 1.04%.
Importantly, none of these recurrent events was fatal.

Our analysis also revealed that patients with VTE were provoked
by a transient risk factor and had a lower risk of early recurrence
compared with those with unprovoked VTE. Men had a higher risk of
recurrence than women. The effect of advanced age on the risk of
early recurrence remains unclear. These findings of short-term
recurrence mirror established data on long-term risk, in which
unprovoked events and male sex are recognized as key predictors,
whereas the role of age remains uncertain.

The risk of recurrence among patients with VTE varies considerably
between individuals, making the optimal duration of anticoagulation
uncertain. While risk stratification tools have proven useful in guiding
the duration of therapy, concerns about early recurrence following
interruption of anticoagulation may limit the practical implementation of
this strategy. One risk assessment tool, the Vienna Prediction Model [3],
has recently been introduced and shows promise in identifying low-risk
patients who may not require extended anticoagulation. This model has
been validated in 2 large management studies [4,33] and is now
considered suitable for clinical use. However, it requires temporary
interruption of anticoagulation shortly after treatment cessation, which
inherently carries a risk of early recurrence.

The low incidence of early recurrent VTE, occurring in only
1.32% of patients with an unprovoked index VTE, with no fatal
events, is reassuring and supports the careful use of this approach.
This is especially relevant as current guidelines favor extended
anticoagulation for all patients with unprovoked VTE, thereby
exposing many to prolonged bleeding risk as well as lifestyle limita-
tions and psychological burdens. An individualized strategy involving
temporary cessation of anticoagulation for risk assessment could
potentially reduce unnecessary treatment and its associated risks in a

substantial number of patients.

41 | Strengths

This study has several notable strengths. We adhered to a prereg-
istered protocol (PROSPERO) and applied rigorous, predefined
search criteria to identify all eligible studies, thereby minimizing se-
lection bias. To ensure completeness, we contacted all first or cor-
responding authors for additional data, as none of the included
studies reported the incidence of early recurrent VTE or detailed
patient characteristics. We excluded retrospective studies, meta-
analyses, registries, and other designs unsuitable for estimating
recurrent VTE incidence (eg, cross-sectional studies, case-control
studies, and case reports). Only studies involving noncancer pop-

ulations with objectively verified endpoints were included. The risk of
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bias was assessed using the modified Newcastle-Ottawa Scale and

was considered negligible overall.

4.2 | Limitations

The main limitation was the moderate response rate, as data were
obtained for only 24 of 42 eligible studies. This likely reflects the
extended 30-year search period and the difficulty of contacting some
of the original investigators. However, this 57% inclusion rate may
have introduced selection bias if studies with particularly high or low
recurrence rates were less likely to provide data. The long timeframe
also introduces potential variability in diagnostic approaches,
anticoagulant use, and definitions of provoked vs unprovoked VTE.
Age-specific pooled risk estimates could not be calculated due to
incomplete data. Similarly, other potentially relevant predictors,
including body mass index, thrombophilia, and family history, could
not be assessed because they were often unreported. Data on 30-day
all-cause mortality were unavailable, which may represent a
competing event with recurrent VTE and could have influenced the
observed recurrence rates. Patients with upper extremity DVT were
not included; therefore, the findings cannot be generalized to this
population. Most included studies were conducted in Europe, with
only 1 from North America, which may limit the applicability of our
findings to settings with different ethnicities, healthcare systems, and

VTE management practices.

5 | CONCLUSION

The risk of recurrent DVT or PE within 30 days of anticoagulation
cessation is low. Strategies that estimate the optimal duration of
anticoagulation by temporarily interrupting therapy appear to be
safe. Nonetheless, it is essential to engage patients in a thorough
discussion that clearly communicates both the potential risks and

benefits of this approach.

FUNDING
The study was sponsored by the Medical University of Vienna,

Austria.

AUTHOR CONTRIBUTIONS

LE., PAK, AK., and S.E designed the study. LE., AS., and BW.
constructed the database. P.AK., AS. and L.E. extracted the data.
AK. and L.E. conducted the statistical analysis. A.B., C.B., AU, F.C,
M.N.D.D.M,, GJ.G, D.J,S.P,G.P,D.P,D.P.P,P.P,SS, Av.HV, and
M.Z. were the main data contributing investigators. L.E., P.AK,, and
S.E. drafted the manuscript. P.P., A.U,, F.C,, and S.P. critically revised
the manuscript. All authors have read and approved the final version.

RELATIONSHIP DISCLOSURE

There are no competing interests to disclose.



8 of 9 rpm

EISCHER ET AL

Tesearch & practice
in thrombosis & haemostasis

ORCID

Lisbeth Eischer

Sabine Eichinger

https://orcid.org/0000-0001-5047-8502
https://orcid.org/0000-0003-1135-4878

REFERENCES

(1

[2]

(3]

(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

Khan F, Tritschler T, Kimpton M, Wells PS, Kearon C, Weitz JI, et al.
Long-term risk for major bleeding during extended oral anticoagu-
lant therapy for first unprovoked venous thromboembolism: a sys-
tematic review and meta-analysis. Ann Intern Med. 2021;174:1420-
9.

Ensor J, Riley RD, Jowett S, Monahan M, Snell Kle, Bayliss S, et al.
Prediction of risk of recurrence of venous thromboembolism
following treatment for a first unprovoked venous thromboembo-
lism: systematic review, prognostic model and clinical decision rule,
and economic evaluation. Health Technol Assess. 2016;20:1-190.
https://doi.org/10.3310/hta20120. i-xxxiii.

Eichinger S, Heinze G, Jandeck LM, Kyrle PA. Risk assessment of
recurrence in patients with unprovoked deep vein thrombosis or
pulmonary embolism: the Vienna prediction model. Circulation.
2010;121:1630-6.

Kyrle PA, Eischer L, Sinkovec H, Gressenberger P, Gary T,
Brodmann M, et al. The Vienna Prediction Model for identifying
patients at low risk of recurrent venous thromboembolism: a pro-
spective cohort study. Eur Heart J. 2024;45:45-53.

Tosetto A, lorio A, Marcucci M, Baglin T, Cushman M, Eichinger S,
et al. Predicting disease recurrence in patients with previous
unprovoked venous thromboembolism: a proposed prediction score
(DASH). J Thromb Haemost. 2012;10:1019-25.

Timp JF, Braekkan SK, Lijfering WM, van Hylckama Vlieg A,
Hansen JB, Rosendaal FR, et al. Prediction of recurrent venous
thrombosis in all patients with a first venous thrombotic event: the
Leiden Thrombosis Recurrence Risk Prediction model (L-TRRiP).
PLoS Med. 2019;16:€1002883. https://doi.org/10.1371/journal.
pmed.1002883

Nagler M, van Kuijk SMJ, Ten Cate H, Prins MH, Ten Cate-Hoek AJ.
Predicting recurrent venous thromboembolism in patients with
deep-vein thrombosis: development and internal validation of a
potential new prediction model (Continu-8). Front Cardiovasc Med.
2021;8:655226. https://doi.org/10.3389/fcvm.2021.655226
Franco Moreno Al, Garcia Navarro MJ, Ortiz Sdnchez J, Martin
Diaz RM, Madronal Cerezo E, de Ancos Aracil CL, et al. A risk score
for prediction of recurrence in patients with unprovoked venous
thromboembolism (DAMOVES). Eur J Intern Med. 2016;29:59-64.
Rodger MA, Kahn SR, Wells PS, Anderson DA, Chagnon I, Le Gal G,
et al. Identifying unprovoked thromboembolism patients at low risk
for recurrence who can discontinue anticoagulant therapy. CMAJ.
2008;179:417-26.

Huang W, Goldberg RJ, Anderson FA, Cohen AT, Spencer FA.
Occurrence and predictors of recurrence after a first episode of
acute venous thromboembolism: population-based Worcester
Venous Thromboembolism study. J Thromb  Thrombolysis.
2016;41:525-38.

Albertsen IE, Sggaard M, Goldhaber SZ, Piazza G, Skjgth F,
Overvad TF, et al. Development of sex-stratified prediction models
for recurrent venous thromboembolism: a Danish nationwide
cohort study. Thromb Haemost. 2020;120:805-14.

Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M,
et al. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015: elaboration and explanation.
BMJ. 2015;350:g7647. https://doi.org/10.1136/bmj.g7647

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: the
PRISMA statement. Ann Intern Med. 2009;151:264-9. Wé4. https://
doi.org/10.7326/0003-4819-151-4-200908180-00135

[14]

[20]

[21]

[22]

(23]

[27]

[29]

Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al.
The Newcastle-Ottawa Scale (NOS) for assessing the quality of non-
randomised studies in meta-analyses. https://www.ohri.ca/
programs/clinical_epidemiology/oxford.asp; 2021 [accessed
January 15, 2026].

Boc A, Vene N, Kosmelj K, Mavri A. Impact of asymptomatic pul-
monary embolism on the long-term prognosis of patients with deep
venous thrombosis. Semin Thromb Hemost. 2017;43:24-9.

Cieslik J, Mrozinska S, Broniatowska E, Undas A. Altered plasma
clot properties increase the risk of recurrent deep vein thrombosis:
a cohort study. Blood. 2018;131:797-807.

Di Minno MN, Dentali F, Lupoli R, Ageno W. Mild antithrombin
deficiency and risk of recurrent venous thromboembolism: a pro-
spective cohort study. Circulation. 2014;129:497-503.

Jiménez D, Diaz G, Marin E, Vidal R, Sueiro A, Yusen RD. The risk of
recurrent venous thromboembolism in patients with unprovoked
symptomatic deep vein thrombosis and asymptomatic pulmonary
embolism. Thromb Haemost. 2006;95:562-6.

Kearon C, Spencer FA, O’Keeffe D, Parpia S, Schulman S, Baglin T,
et al, D-dimer Optimal Duration Study Investigators. D-dimer
testing to select patients with a first unprovoked venous throm-
boembolism who can stop anticoagulant therapy: a cohort study.
Ann Intern Med. 2015;162:27-34.

Kyrle PA, Eischer L, Sinkovec H, Eichinger S. Factor XI and recurrent
venous thrombosis: an observational cohort study. J Thromb Hae-
most. 2019;17:782-6.

Palareti G, Legnani C, Cosmi B, Valdré L, Lunghi B, Bernardi F, et al.
Predictive value of D-dimer test for recurrent venous thrombo-
embolism after anticoagulation withdrawal in subjects with a pre-
vious idiopathic event and in carriers of congenital thrombophilia.
Circulation. 2003;108:313-8.

Palareti G, Cosmi B, Legnani C, Antonucci E, De Micheli V,
Ghirarduzzi A, et al. D-dimer to guide the duration of anti-
coagulation in patients with venous thromboembolism: a manage-
ment study. Blood. 2014;124:196-203.

Palareti G, Poli D, Ageno W, Legnani C, Antonucci E, Bucherini E,
et al. D-dimer and reduced-dose apixaban for extended treatment
after unprovoked venous thromboembolism: the Apidulcis study.
Blood Adyv. 2022;6:6005-15.

Poli D, Grifoni E, Antonucci E, Arcangeli C, Prisco D, Abbate R, et al.
Incidence of recurrent venous thromboembolism and of chronic
thromboembolic pulmonary hypertension in patients after a first
episode of pulmonary embolism. J Thromb Thrombolysis.
2010;30:294-9.

Potaczek DP, Jankowska EA, Wypasek E, Undas A. Iron deficiency: a
novel risk factor of recurrence in patients after unprovoked venous
thromboembolism. Pol Arch Med Wewn. 2016;26:159-65.
Prandoni P, Noventa F, Ghirarduzzi A, Pengo V, Bernardi E,
Pesavento R, et al. The risk of recurrent venous thromboembo-
lism after discontinuing anticoagulation in patients with acute
proximal deep vein thrombosis or pulmonary embolism. A pro-
spective cohort study in 1,626 patients. Haematologica.
2007;92:199-205.

van Hylckama Vlieg A, Baglin CA, Luddington R, MacDonald S,
Rosendaal FR, Baglin TP. The risk of a first and a recurrent venous
thrombosis associated with an elevated D-dimer level and an
elevated thrombin potential: results of the THE-VTE study.
J Thromb Haemost. 2015;13:1642-52.

Zabczyk M, Plens K, Wojtowicz W, Undas A. Prothrombotic fibrin
clot phenotype is associated with recurrent pulmonary embolism
after discontinuation of anticoagulant therapy. Arterioscler Thromb
Vasc Biol. 2017;37:365-73.

Bradbury C, Buckley T, Sun YZ, Rose P, Fitzmaurice D. Patients with
high levels of circulating endothelial progenitor cells (EPC) following
at least three months of anticoagulation for unprovoked venous


https://orcid.org/0000-0001-5047-8502
https://orcid.org/0000-0001-5047-8502
https://orcid.org/0000-0001-5047-8502
https://orcid.org/0000-0003-1135-4878
https://orcid.org/0000-0003-1135-4878
https://orcid.org/0000-0003-1135-4878
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref1
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref1
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref1
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref1
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref1
https://doi.org/10.3310/hta20120
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref3
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref3
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref3
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref3
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref4
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref4
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref4
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref4
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref5
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref5
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref5
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref5
https://doi.org/10.1371/journal.pmed.1002883
https://doi.org/10.1371/journal.pmed.1002883
https://doi.org/10.3389/fcvm.2021.655226
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref8
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref8
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref8
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref8
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref9
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref9
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref9
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref9
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref10
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref10
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref10
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref10
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref10
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref11
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref11
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref11
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref11
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.7326/0003%2D4819%2D151%2D4%2D200908180%2D00135
https://doi.org/10.7326/0003%2D4819%2D151%2D4%2D200908180%2D00135
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref15
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref15
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref15
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref16
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref16
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref16
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref17
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref17
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref17
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref18
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref18
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref18
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref18
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref19
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref19
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref19
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref19
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref19
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref20
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref20
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref20
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref21
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref21
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref21
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref21
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref21
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref22
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref22
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref22
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref22
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref23
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref23
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref23
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref23
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref24
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref24
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref24
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref24
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref24
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref25
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref25
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref25
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref26
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref26
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref26
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref26
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref26
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref26
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref27
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref27
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref27
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref27
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref27
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref28
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref28
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref28
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref28

EISCHER ET AL

9 of 9

[30]

[31]

[32]

[33]

thromboembolism (VTE) are at low risk of recurrent VTE—results
from the EXACT randomised controlled trial. EClinicalMedicine.
2019;17:100218. https://doi.org/10.1016/j.eclinm.2019.11.011
Couturaud F, Sanchez O, Pernod G, Mismetti P, Jego P, Duhamel E,
et al. Six months vs extended oral anticoagulation after a first
episode of pulmonary embolism: the PADIS-PE randomized clinical
trial. JAMA. 2015;314:31-40.

Couturaud F, Pernod G, Presles E, Duhamel E, Jego P, Provost K,
et al. Six months versus two years of oral anticoagulation after a
first episode of unprovoked deep-vein thrombosis. The PADIS-DVT
randomized clinical trial. Haematologica. 2019;104:1493-501.
Eischer L, Gartner V, Schulman S, Kyrle PA, Eichinger S. AUREC-
FVIII investigators. 6 versus 30 months anticoagulation for recur-
rent venous thrombosis in patients with high factor VIII. Ann
Hematol. 2009;88:485-90.

Geersing GJ, Hendriksen JMT, Zuithoff NPA, Roes KC, Oudega R,
Takada T, et al. Effect of tailoring anticoagulant treatment duration
by applying a recurrence risk prediction model in patients with
venous thromboembolism compared to usual care: a randomized
controlled trial. PLoS Med. 2020;17:€1003142. https://doi.org/10.
1371/journal.pmed.1003142

[34]

(37]

| } m
research & practice
in thrombosis & haemostasis

Palareti G, Cosmi B, Legnani C, Tosetto A, Brusi C, lorio A, et al. D-
dimer testing to determine the duration of anticoagulation therapy.
N Engl J Med. 2006;355:1780-9.

Prandoni P, Prins MH, Lensing AW, Ghirarduzzi A, Ageno W,
Imberti D, et al. Residual thrombosis on ultrasonography to guide
the duration of anticoagulation in patients with deep venous
thrombosis a randomized trial. Ann Intern Med. 2009;150:577-85.
Schulman S, Rhedin AS, Lindmarker P, Carlsson A, Larfars G,
Nicol P, et al. A comparison of six weeks with six months of oral
anticoagulant therapy after a first episode of venous thromboem-
bolism. Duration of Anticoagulation Trial Study Group. N Engl J Med.
1995;332:1661-5.

Schulman S, Granqvist S, Holmstrom M, Carlsson A, Lindmarker P,
Nicol P, et al. The duration of oral anticoagulant therapy after a
second episode of venous thromboembolism. The Duration of
Anticoagulation Trial Study Group. N Engl J Med. 1997;336:393-8.

SUPPLEMENTARY MATERIAL
The online version contains supplementary material available at
https://doi.org/10.1016/j.rpth.2025.103317.


https://doi.org/10.1016/j.eclinm.2019.11.011
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref30
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref30
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref30
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref30
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref31
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref31
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref31
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref31
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref32
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref32
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref32
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref32
https://doi.org/10.1371/journal.pmed.1003142
https://doi.org/10.1371/journal.pmed.1003142
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref34
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref34
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref34
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref35
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref35
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref35
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref35
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref36
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref36
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref36
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref36
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref36
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref37
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref37
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref37
http://refhub.elsevier.com/S2475-0379(25)00641-7/sref37
https://doi.org/10.1016/j.rpth.2025.103317

	The incidence of early recurrent venous thromboembolism: a systematic review and meta-analysis
	1. Introduction
	2. Methods
	2.1. Protocol and registration
	2.2. Eligibility criteria
	2.3. Literature search
	2.4. Data extraction
	2.5. Risk of bias assessment
	2.6. Outcome measures
	2.7. Statistical analysis and data synthesis

	3. Results
	3.1. Characteristics of studies and patient populations
	3.2. Risk of bias
	3.3. Incidence and risk factors of early recurrent VTE

	4. Discussion
	4.1. Strengths
	4.2. Limitations

	5. Conclusion
	Funding
	Author contributions
	Relationship Disclosure
	References


