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The updated Vienna Prediction Model for estimating recurrence risk after an unprovoked
venous thromboembolism (VTE) has been developed to identify individuals at low risk for
VTE recurrence in whom anticoagulation (AC) therapy may be stopped after 3 months. We
externally validated the accuracy of the model to predict recurrent VTE in a prospective
multicenter cohort of 156 patients aged >65 years with acute symptomatic unprovoked VTE
who had received 3 to 12 months of AC. Patients with a predicted 12-month risk within the
lowest quartile based on the updated Vienna Prediction Model were classified as low risk.
The risk of recurrent VTE did not differ between low- vs higher-risk patients at 12 months
(13% vs 10%; P = .77) and 24 months (15% vs 17%; P = 1.0). The area under the receiver
operating characteristic curve for predicting VTE recurrence was 0.39 (95% confidence
interval [Cl], 0.25-0.52) at 12 months and 0.43 (95% Cl, 0.31-0.54) at 24 months. In conclusion,
in elderly patients with unprovoked VTE who have stopped AC, the updated Vienna
Prediction Model does not discriminate between patients who develop recurrent VTE and
those who do not. This study was registered at www.clinicaltrials.gov as #NCT00973596.

Key Points

e The updated Vienna
Prediction Model was
developed to identify patients
with unprovoked VTE who are
at low risk of recurrence.

¢ In elderly patients with
unprovoked VTE, the model
does not discriminate
between patients who
develop recurrent VTE and
those who do not.

Introduction

(Blood. 2015;126(16):1949-1951)

Unprovoked venous thromboembolism (VTE) is associated with a
5% to 27% annual risk of recurrence after discontinuation of anti-
coagulation (AC), 1 and indefinite AC is recommended if the bleeding
risk is low to moderate.” However, in one-third of patients with
unprovoked VTE, the risk of recurrence is so low (<3% per year)
that anticoagulant therapy >3 months may not be necessary.*® Several
prediction rules were derived to identify patients with unprovoked
VTE who have a low recurrence risk.*”~ One is the original Vienna
Prediction Model, which was derived in 929 patients (median age,
54 years) with a first unprovoked VTE.® Based on 3 parameters, sex,
location of VTE (pulmonary embolism [PE]/proximal deep vein throm-
bosis [DVT] vs distal DVT), and a quantitative D-dimer level deter-
mined by enzyme-linked immunosorbent assay (ELISA) at 3 weeks
after discontinuation of AC, the risk of recurrent VTE can be estimated.
In an external validation study enrolling 904 older patients (median
age, 68 years), the model showed a less than optimal calibra-
tion, underestimating the observed cumulative recurrence rates at
12 months.'°

The updated Vienna Prediction Model is an improved version of the
original Vienna Prediction Model and allows prediction of recurrence at
several different time points after stopping AC.? It was developed in
a prospective cohort of 553 patients with unprovoked VTE and uses the
same clinical parameters (ie, sex, location of VTE, and a quantitative
D-dimer level determined by ELISA between 3 weeks and 15 months

after discontinuation of AC) to estimate the risk of recurrent VTE up
to 60 months, using nomograms or a web-based calculator (www.
meduniwien.ac.at/user/georg.heinze/dvpm/).° To our knowledge,
the updated Vienna Prediction Model has never been externally
validated. We aimed to validate the accuracy of the updated Vienna
Prediction Model to predict recurrence in elderly patients with
unprovoked VTE. Given that elderly patients are at higher risk of
bleeding,'" it is important to avoid extended AC in elderly patients
who have a low recurrence risk.

Study design

This study was performed as part of a prospective multicenter cohort to assess
medical outcomes in elderly patients with acute, symptomatic VTE from 9 Swiss
university and non-university hospitals between September 2009 and December
2013."> A detailed description of the study methods has been published previ-
ously."? Briefly, consenting consecutive patients aged =65 years with objectively
diagnosed, symptomatic DVT or PE were prospectively identified and followed
over time. The ethics committee at each participating center approved the study,
which followed the Helsinki protocol. For the sake of this analysis, only patients
with unprovoked VTE (defined as VTE in the absence of immobilization, major
surgery, oral estrogen therapy, or active cancer during the last 3 months) and who
had completed a 3- to 12-month course of AC were included.
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Table 1. Patient baseline characteristics
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All (N = 156) Low-risk patients (N = 39) Higher-risk patients (N = 117) p
n (%) or median (interquartile range)
Age (y)* 74.0 (69.0; 79.8) 73.0 (68.0; 77.0) 75.0 (69.0; 80.0) .27
Male sex 92 (59) 4 (10) 88 (75) <.01
PE and/or proximal DVT 137 (88) 28 (72) 109 (93) <.01
D-dimer (ng/ml)t 1022 (607; 1755) 717 (410; 1016) 1161 (694; 1913) <.01
BMI (kg/m?)* 27.5 (24.8; 30.5) 27.7 (24.9; 31.9) 27.5 (24.8; 30.4) 44
Prior VTE 23 (15) 8 (21) 15 (13) .30
Time since stopping AC (mo)t 5.7 (4.9; 6.9) 5.9 (5.0; 7.6) 5.6 (4.7; 6.6) .20
Duration of prior AC (mo) 6.3 (5.3;7.1) 6.0 (4.1; 6.9) 6.4 (5.5, 7.2) .20

BMI, body mass index.
*At the time of the index VTE.
1At 12 months after the index VTE.

Patients underwent quantitative D-dimer testing (ELISA, VIDAS, bio-
Meérieux) at 12 months after the index VTE. Only patients who were off anti-
coagulants at the time of D-dimer measurement were included. Follow-up started
after D-dimer measurement, ie, 12 months after the index VTE. The outcome
was the recurrence of symptomatic, objectively confirmed VTE within 12 and
24 months of D-dimer testing, defined as symptomatic new DVT or PE, based on
predefined imaging criteria or autopsy as previously described.'? Three blinded,
independent experts adjudicated all recurrences.

We determined the proportion of patients classified as low-risk (lowest
quartile of predicted 12-month risk of VTE recurrence) according to the updated
Vienna Prediction Model and compared the proportion of VTE recurrence at
12 and 24 months between low- and higher-risk patients. We examined the
goodness-of-fit of the model at 12 and 24 months using the Hosmer-Lemeshow
test. We also assessed the discriminative power of the model by calculating the
area under the receiver operating characteristic (ROC) curve for VTE recurrence
at 12 and 24 months. Our primary analysis included all patients with unprovoked
VTE. In a subgroup analysis, we excluded all patients who had a prior VTE
before the index event. Analyses were done using Stata 13 (Stata Corporation,
College Station, TX).

Results and discussion

Overall, 1003 patients were initially enrolled in our cohort. After the
exclusion of 394 patients with cancer-related or provoked VTE (14 had
hormone therapy), 280 who received anticoagulants beyond 12 months,
167 without D-dimer measurement, and 6 without initial AC therapy,
our final study sample comprised of 156 patients with acute unprovoked
VTE. A total of 20 patients with unprovoked VTE were excluded
because they had recurrent VTE between AC discontinuation and start
of follow-up, and thus were still under anticoagulants (n = 12) orhad no
D-dimer measurement (n = 8). Of these, 40% were men and 90% had
PE/proximal DVT. Overall, there was no age and sex difference
between excluded and analyzed patients (data not shown).

Analyzed patients had a median age of 74 years, 41% were women,
and 88% had PE or proximal DVT as the initial VTE event (Table 1).
Low-risk patients were less likely to be men and to have PE/proximal
DVT, and had lower D-dimer levels than higher-risk patients.

The proportion of VTE recurrence was 11% (17/156) after 12 months
and 17% (26/156) after 24 months. At 12 months, 5% of men had re-
current VTE compared with 19% of women (P = .02), 11% of patients
with PE/proximal DVT compared with 11% of patients with distal
DVT (P = 1.0), and 13% of patients with a D-dimer =1022 ng/mL
compared with 9% in those with a value <1022 ng/mL (P = .61). At
24 months, 12% of men had recurrent VTE compared with 23% of
women (P = .08), 17% of patients with PE/proximal DVT compared
with 16% of patients with distal DVT (P = 1.0), and 18% of patients

with a D-dimer =1022 ng/mL compared with 15% in those with a value
<1022 ng/mL (P = .83).

Based on the updated Vienna Prediction Model, patients with a
predicted 12-month risk <6.2% were classified as low-risk. The pro-
portion of recurrent VTE did not differ between low- vs higher-risk
patients at 12 months (13% vs 10%; P = .77) and 24 months (15% vs
17%; P = 1.0). Cumulative incidence curves did not differ between the
2 groups (P = .89, Figure 1). The Hosmer—Lemeshow test indicated
a suboptimal model fit at 12 and 24 months (P = .03 and P = .06,
respectively). The area under the ROC curve for predicting VTE
recurrence was 0.39 (95% confidence interval [CI], 0.25-0.52) at
12 months and 0.43 (95% CI, 0.31-0.54) at 24 months. The exclusion of
patients with prior VTE (n = 23) did not change the results. When we
assumed missing D-dimer values to be normal (379 ng/mL, median value
of patients with a D-dimer <500 ng/mL) or abnormal (1147 ng/mL,
median value of patients with a D-dimer =500 ng/mL) in a sensitivity
analysis, the area under the ROC curve for predicting recurrent VTE at
12 months was 0.37 (95% CI, 0.26-0.48) and 0.40 (95% CI, 0.28-0.51),
respectively, confirming the robustness of our results.

In our study of elderly patients with unprovoked VTE, the updated
Vienna Prediction Model did not discriminate between patients who
developed recurrent VTE and those who did not. Compared with the
derivation population, our patients were older (median age, 74 vs 53
years) and had higher D-dimer levels (median, 1022 vs 356 ng/mL).
Whether age itself is independently associated with VTE recurrence is
controversial.**”'3'* It is possible that the higher D-dimer levels in
elderly patients could decrease the accuracy of the model, which was

(=]
S l----- Low risk
Higher risk
g _________
]
c
1)
=]
Q
£
)
2
5
=
E
=
o
p=.894
T T T
0 5 1 1.5 2
Follow-up (years)
Number at risk
Low risk 39 32 29 20 12
Higherrisk 117 106 89 69 48

Figure 1. Kaplan—-Meier curve for VTE recurrence in low- vs higher-risk patients.
Low risk was defined as lowest quartile of predicted 12-month risk according to the
updated Vienna Prediction Model.
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derived in younger patients. Given that the increased recurrence risk in
men has been demonstrated predominantly in younger patients (mean
age, 45 to 68 years), > >!¢ it is uncertain whether sex is a risk factor for
recurrence in the elderly.

Our work has limitations. First, our study was part of a prospective
cohort of elderly patients with VTE, which was not primarily designed
to validate the updated Vienna Prediction Model. Thus, our sample was
relatively small and our study may not have sufficient power to detect
a difference in VTE recurrence. Second, because we validated the
model in the elderly, our results do not apply to younger patients. Third,
20 patients with unprovoked VTE had a recurrence between stopping
AC and the start of follow-up, and were excluded from analysis (mostly
because they were anticoagulated or had missing D-dimer values).
Thus, we cannot exclude that the model would have performed differ-
ently if these patients had been included in our analysis. Finally, we
used a quantitative ELISA-based D-dimer assay (VIDAS, bioMérieux)
that may not be entirely comparable to the test used in the derivation
study (Asserachrom D-dimer, Boehringer Mannheim).’

In conclusion, the updated Vienna Prediction Model may not be
suitable for identifying elderly patients with unprovoked VTE who are
atlow risk of VTE recurrence. Further studies should attempt to develop
an age-specific Vienna Prediction Model or to update the model, in-
cluding age as a predictor.

VALIDATION OF THE UPDATED VIENNA PREDICTION MODEL 1951

Acknowledgments

The authors thank all collaborators of the SWITCO65+ study.
The study was supported by a grant from the Swiss National
Science Foundation (SNSF) (33CSCO-122659/139470).

Authorship

Contribution: T.T., M.M., and A.L. were responsible for planning of
the study, statistical analyses, and drafting of the manuscript; N.R.
performed data collection, intellectual review of the manuscript, and
obtained funding from the SNSF; and D.A. was the principal inves-
tigator and was responsible for planning of the study, data collection,
drafting of the manuscript, and obtaining funding from the SNSF.

Conflict-of-interest disclosure: The authors declare no competing
financial interests.

Correspondence: Tobias Tritschler, Department of General
Internal Medicine, Bern University Hospital, Inselspital, 3010 Bern,
Switzerland; e-mail: tobias.tritschler @insel.ch.

thrombosis, 9th ed: American College of Chest
Physicians evidence-based clinical practice
guidelines [published correction appears in Chest.

Vienna Prediction Model with pooled individual
patient data. J Thromb Haemost. 2015;13(5):
775-781.

References

. Kearon C, Gent M, Hirsh J, et al. A comparison 2012;142(6):1698-1704]. Chest. 2012;141(suppl 11. Torn M, Bollen WL, van der Meer FJ, van der Wall
of three months of anticoagulation with extended 2):e419S-4948. EE, Rosendaal FR. Risks of oral anticoagulant
anticoagulation for a first episode of idiopathic 6. Eichinger S, Minar E, Bialonczyk C, et al therapy with increasing age. Arch Intern Med.
venous thromboembolism. N Engl J Med. 1999; : ) g N ¥ : 2005;165(13):1527-1532.
340(12):901-907. D-dimer Ievels' and risk of recurrent venous

thromboembolism. JAMA. 2003;290(8): 12. Méan M, Righini M, Jaeger K, et al. The

- Agnelli G, Prandoni P, Santamaria MG, et al; 1071-1074. Swiss cohort of elderly patients with venous

}/r\]l\?;f;irm Optimal Duration talian Trial 7. Tosetto A, lorio A, Marcucci M, et al. Predicting thromboembolism (SWITCO65-+): rationale and
gators. Three months versus one year of ) » ) : : methodology. J Thromb Thrombolysis. 2013;
oral anticoagulant therapy for idiopathic deep disease recurrence in patients wnh- previous 36(4)-475-483 )
venous thrombosis. N Engl J Med. 2001;345(3): unprovoked venous thromboembolism: ’ '
165-169. :pmposzeg&rzﬂ%“gq185:);61 g;gSH). J Thromb 13. Spencer FA, Gurwitz JH, Schulman S, et al.
Prandoni P, Noventa F, Ghirarduzzi A, et al. The aemost. 10(8): ' Venous thromboembolism in older adults:
risk of recurrent venous thromboembolism after 8. Eichinger S, Heinze G, Jandeck LM, Kyrle PA. a community-based study. Am J Med. 2014;
discontinuing anticoagulation in patients with Risk assessment of recurrence in patients with 127(6):530-537.
acute proximal dgep vein thrombpsis or unprO\‘Ioke.}d deep vemn thrornt.)OSIS or puimonary 14. Eischer L, Eichinger S, Kyrle PA. Age at first
pulmonary embolism. A prospective cohort study embolism: the Vienna prediction model. venous thromboembolism and risk of recurrence:
in 1,626 patients. Haematologica. 2007;92(2): Circulation. 2010:121(14):1630-1636. a prospective cohort study. Medicine (Baltimore).
199-205. 9. Eichinger S, Heinze G, Kyrle PA. D-dimer levels 2009;88(6):366-370.
Rodger MA, Kahn SR, Wells PS, et al. Identifying over time and the risk of recurrent venous )
unprovoked thromboembolism patients at low risk thromboembolism: an update of the Vienna 15. McRae S, Tran H, Schuiman S, Ginsberg J,
for recurrence who can discontinue anticoagulant prediction model. J Am Heart Assoc. 2014;3(1): Kearon C. Effect of patient's sex on risk
therapy. CMAJ. 2008;179(5):417-426. €000467. of recurrent venous thromboembolism:
a meta-analysis. Lancet. 2006;368(9533):

. Kearon C, Akl EA, Comerota AJ, et al. 10. Marcucci M, lorio A, Douketis JD, et al. Risk 371-378.
Antithrombotic therapy for VTE disease: of recurrence after a first unprovoked venous
antithrombotic therapy and prevention of thromboembolism: external validation of the 16. Douketis J, Tosetto A, Marcucci M, et al. Risk of

recurrence after venous thromboembolism in men
and women: patient level meta-analysis. BMJ.
2011;342:d813.


mailto:tobias.tritschler@insel.ch
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

From www.bloodjournal.org by guest on October 23, 2015. For personal use only.

‘Mo
‘.' 0 0 2015 126: 1949-1951
g doi:10.1182/blood-2015-04-641225 originally published

online September 4, 2015

Predicting recurrence after unprovoked venous thromboembolism:
prospective validation of the updated Vienna Prediction Model

Tobias Tritschler, Marie Méan, Andreas Limacher, Nicolas Rodondi and Drahomir Aujesky

Updated information and services can be found at:
http://www.bloodjournal.org/content/126/16/1949.full.html

Articles on similar topics can be found in the following Blood collections
Brief Reports (1851 articles)
Clinical Trials and Observations (4191 articles)
Free Research Articles (3425 articles)
Thrombosis and Hemostasis (906 articles)

Information about reproducing this article in parts or in its entirety may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests

Information about ordering reprints may be found online at:
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints

Information about subscriptions and ASH membership may be found online at:
http://www.bloodjournal.org/site/subscriptions/index.xhtml

Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published weekly by the American Society
of Hematology, 2021 L St, NW, Suite 900, Washington DC 20036.
Copyright 2011 by The American Society of Hematology; all rights reserved.


http://www.bloodjournal.org/content/126/16/1949.full.html
http://www.bloodjournal.org/cgi/collection/brief_reports
http://www.bloodjournal.org/cgi/collection/clinical_trials_and_observations
http://www.bloodjournal.org/cgi/collection/free_research_articles
http://www.bloodjournal.org/cgi/collection/thrombosis_hemostasis
http://www.bloodjournal.org/site/misc/rights.xhtml#repub_requests
http://www.bloodjournal.org/site/misc/rights.xhtml#reprints
http://www.bloodjournal.org/site/subscriptions/index.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml
http://www.bloodjournal.org/
http://www.bloodjournal.org/site/subscriptions/ToS.xhtml

