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Abstract

Background and 
Aims

Patients with unprovoked venous thromboembolism (VTE) have a high recurrence risk, and guidelines suggest extended- 
phase anticoagulation. Many patients never experience recurrence but are exposed to bleeding. The aim of this study 
was to assess the performance of the Vienna Prediction Model (VPM) and to evaluate if the VPM accurately identifies these 
patients.

Methods In patients with unprovoked VTE, the VPM was performed 3 weeks after anticoagulation withdrawal. Those with a predicted 
1-year recurrence risk of ≤5.5% were prospectively followed. Study endpoint was recurrent VTE over 2 years.

Results A total of 818 patients received anticoagulation for a median of 3.9 months. 520 patients (65%) had a predicted annual re
currence risk of ≤5.5%. During a median time of 23.9 months, 52 patients had non-fatal recurrence. The recurrence risk was 
5.2% [95% confidence interval (CI) 3.2–7.2] at 1 year and 11.2% (95% CI 8.3–14) at 2 years. Model calibration was adequate 
after 1 year. The VPM underestimated the recurrence risk of patients with a 2-year recurrence rate of >5%. In a post-hoc 
analysis, the VPM’s baseline hazard was recalibrated. Bootstrap validation confirmed an ideal ratio of observed and expected 
recurrence events. The recurrence risk was highest in men with proximal deep-vein thrombosis or pulmonary embolism and 
lower in women regardless of the site of incident VTE.

Conclusions In this prospective evaluation of the performance of the VPM, the 1-year rate of recurrence in patients with unprovoked 
VTE was 5.2%. Recalibration improved identification of patients at low recurrence risk and stratification into distinct low-risk 
categories.
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Structured Graphical Abstract

How can patients with unprovoked venous thromboembolism (VTE) and a low recurrence risk, in whom extended phase anticoagulation 
may not be justified, be identified? 

The recalibrated Vienna Prediction Model (VPM) allowed identification of patients with unprovoked VTE at low recurrence risk, and 
further stratification into distinct risk categories.

The recalibrated VPM facilitates informed decision-making on the optimal duration of secondary thromboprophylaxis, especially when 
the balance between risks and benefits is uncertain.

Key Question

Key Finding

Take Home Message

0

Cumulative recurrence risk

100%

75%

50%

25%

0%

0 3 6 9 12 15 18 21 24

Months after anticoagulation
3 6 9 12 15 18 21 24

0.0%

5.0%

10.0%

15.0%

20.0%

Cumulative recurrence
risk (%) at 12 months

0

1

2

3

4

5

6

7

100 200 300 400 500 1000 2000
D-Dimer (μg/L)

Cumulative recurrence
risk (%) at 24 months

0

2.1

4.2

6.3

8.3

10.4

12.4

14.3

520

Predicted risk of recurrent VTE by
the recalibrated Vienna Prediction Model

https://clinicalbiometrics.shinyapps.io /VPM_lowrisk/

Female, Distal DVT
Female , Proximal DVT
Female, Pulmonary Embolism

Male, Distal DVT
Male , Proximal DVT
Male, Pulmonary Embolism

Cumulative probability of
recurrent VTE

Dashed lines indicate 95% con�dence intervals

Patients at risk

494 457 441 430 417 411 339472

The left part of the figure shows the cumulative probability of recurrence in patients with unprovoked VTE and a low risk identified by the VPM. The 
right part of the figure shows the predicted risk of recurrent VTE by the recalibrated VPM, which can be assessed by a web-based calculator (https:// 
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Introduction
Venous thromboembolism (VTE) is a potentially fatal disease with an 
annual incidence of 1–2 per 1000 persons.1 The most common site 
of VTE is deep-vein thrombosis (DVT) of the leg, which causes pulmon
ary embolism when the thrombus dislocates. Venous thromboembol
ism tends to recur. Patients with VTE provoked by a transient risk 
condition have a lower recurrence risk2–8 than patients with a persisting 
risk provoked by cancer, inflammatory bowel disease, or antiphospho
lipid antibodies.9–11 Patients with VTE in the absence of a risk condition, 
so-called unprovoked VTE, are within the highest recurrence risk cat
egory.12–15 In a systematic review, these patients had a 5-year recur
rence risk of 25% with a case fatality rate of 4%.16 Consequently, 

expert panels suggest offering extended-phase anticoagulation to pa
tients with unprovoked VTE.17–19 However, many patients will never 
experience recurrence while being exposed to a bleeding risk. 
According to a meta-analysis, the incidence of major bleeding during 
extended-phase anticoagulation is considerable with 1.74 events per 
100 person-years for vitamin K antagonists and 1.12 events per 100 
person-years for the direct oral anticoagulants.20 There are some argu
ments that question the concept of extended-phase anticoagulation for 
all patients with unprovoked VTE: (i) the follow-up in trials may not 
have been long enough to indisputably determine that the benefits of 
extended-phase anticoagulation outweigh the bleeding risk, (ii) the find
ings of trials may not reflect the risks and benefits of extended-phase 
anticoagulation in routine care, and (iii) the benefit from extended- 
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phase anticoagulation may not be large enough to justify the burden and 
costs of long-term therapy. Therefore, identifying patients at low recur
rence risk who may be candidates for limited duration of anticoagula
tion is of utmost clinical importance. Prediction models based on 
clinical and laboratory variables that had been evaluated in large-scale 
clinical studies look promising in achieving this goal.21–29 One of 
them, the Vienna Prediction Model (VPM), estimates the probability 
of recurrence in patients with an unprovoked VTE by integrating sex, 
thrombosis site, and D-dimer.29 In the original VPM, two-thirds of 
the patients with unprovoked VTE had a recurrence risk of <5% within 
1 year after anticoagulation withdrawal. We externally validated the 
model by using a pooled individual patient database and confirmed 
the ability of the VPM to stratify patients according to their recurrence 
risk.30 The analysis also revealed that after 1 year the predicted cumu
lative recurrence rates tended to underestimate the observed cumula
tive rates. In a study from the Netherlands, the clinical impact of the 
VPM on reducing the recurrence risk in patients with unprovoked 
VTE was compared with usual care.31 The VPM showed good discrim
inative performance with a c-statistic of 0.76. Again, the model under
estimated the recurrence risk, particularly above a threshold of 5%.

In 2013, we initiated a prospective cohort study in patients with un
provoked VTE and a low recurrence risk estimated by the VPM. The 
first objective was to assess the performance of the VPM in identifying 
patients with a low recurrence risk. The second objective was to evalu
ate if updating the VPM improved its performance.

Methods
Patients and study design
We performed a prospective cohort study at the Division of Hematology 
and Hemostasis, Department of Medicine I, Medical University of Vienna, 
and at the Division of Angiology, Department of Medicine, Medical 
University of Graz, both Austria (clinical trial registration NCT01 
972243). The study was approved by the ethics committees of both institu
tions and was conducted according to the Declaration of Helsinki. All pa
tients gave written informed consent.

Patients with an objectively diagnosed symptomatic DVT of the leg and/ 
or symptomatic pulmonary embolism were eligible. Patients were included 
if they were 18 years of age or older, were treated with an oral anticoagu
lant for at least 3 but not longer than 7 months, and had no reason for long- 
term anticoagulation other than VTE. We excluded patients with a history 
of VTE; muscle vein thrombosis; VTE associated with surgery, trauma, preg
nancy, active cancer, and immobilization (defined as 75% of daytime bedrid
den for more than 3 days); oestrogen use within 3 months prior to VTE; and 
known laboratory thrombophilia (deficiency of antithrombin, protein C, or 
protein S, homozygosity or double heterozygosity of factor V Leiden or the 
prothrombin mutation, and presence of antiphospholipid antibodies).

D-dimer was measured by a quantitative immunoassay 3 weeks after an
ticoagulation had been discontinued. At that time, the VPM risk assessment 
was performed using a web-based calculator. Patients with a VPM risk score 
of more than 180 points which corresponds to a predicted 1-year recur
rence risk of more than 5.5% were informed about their high recurrence 
risk. Their anticoagulant management and follow-up were left at the discre
tion of their physician.

Patients with a VPM risk score of 180 points or less did not resume antic
oagulation and were followed prospectively. They were informed on signs 
and symptoms of VTE and were instructed to contact their physician or the 
study centre if such signs or symptoms occurred. Women were instructed 
to refrain from using female hormones. All patients were seen in person 
after 3, 12, and 24 months. At baseline, a compression ultrasound of 
both legs was performed to obtain reference imaging. In risk situations, 
thromboprophylaxis was performed according to guidelines. All other 

treatments that might have influenced the recurrence risk including com
pression stockings, antiplatelet therapy, or statins were left at the discretion 
of the physician.

Diagnosis of incident venous 
thromboembolism
The diagnosis was established by compression ultrasound, venography, spir
al computed tomography, or lung scan according to published criteria.29 Of 
note, the diagnosis of isolated distal DVT was only made when the throm
bus was in the tibial anterior, peroneal, or tibial posterior veins. Patients 
with both pulmonary embolism and DVT were classified as pulmonary 
embolism.

Outcome measures
The study endpoint was objectively confirmed symptomatic DVT of the leg 
or fatal or symptomatic non-fatal pulmonary embolism. Recurrent DVT 
was diagnosed by compression ultrasound.32 There had to be a new non- 
compressible venous segment or an increase of 4 mm or more in thrombus 
diameter with compression or an extension in length. If the compression 
ultrasound was negative or non-diagnostic and there was clinical suspicion 
of DVT, a compression ultrasound was repeated within 1 week.

The diagnosis of recurrent pulmonary embolism was established by spiral 
computed tomography or lung scan. There had to be an intraluminal filling 
defect in at least one segmental or larger artery or a segmental perfusion 
defect with normal ventilation, i.e. a ventilation perfusion mismatch. Fatal 
pulmonary embolism had to be diagnosed by autopsy or classified by death 
that could not be attributed to a documented cause and for which pulmon
ary embolism could not be ruled out. The diagnosis of recurrent VTE was 
adjudicated by an independent clinician and by a radiologist.

Statistical analysis
In our previous study,29 the observed cumulative recurrence risk at 1 and 2 
years among patients with a VPM risk score of 180 points or less was 4.4% 
(95% CI 2.7–6.2) and 8.3% (95% CI 5.7–10.7). Sample size calculation was per
formed based on an official communication of the Scientific and 
Standardization Committee of the International Society on Thrombosis and 
Haemostasis that cohort studies should be powered to exclude a 1-year re
currence risk of 8%.33 By simulating 1000 trials consisting of 500 patients with 
a VPM risk score of 180 points or less, who were randomly selected with re
placement, we calculated that a sample size of 500 patients was needed to 
provide a 92.2% (simulation standard error 0.8%) power at a one-sided signifi
cance level of 2.5% to reveal that the cumulative recurrence risk at 1 year was 
<8%. The study had 90.5% (standard error 0.9%) power at the same signifi
cance level to detect a cumulative recurrence risk at 2 years <13%.

Baseline characteristics were described by medians and interquartile ranges 
for continuous variables and by absolute frequencies and percentages for cat
egorical variables. Patients were followed from the day of discontinuation of 
anticoagulation until recurrent VTE, reinitiation of anticoagulation, completed 
follow-up of 24 months, or until they were lost to follow-up, whichever came 
first. We treated observations as censored if no recurrence occurred and es
timated the cumulative incidence of recurrence by the Kaplan–Meier method, 
along with 95% confidence intervals. The recurrence rate in the second year of 
follow-up was estimated with the actuarial method.34

We tested the null hypothesis that the 1-year cumulative recurrence risk 
is ≥8% against the alternative hypothesis that it is <8%. We performed a 
single-sample z test based on a normal approximation at a one-sided signifi
cance level of 0.025. We tested the null hypothesis that the 2-year cumu
lative recurrence risk is ≥13%. A data safety monitoring board reviewed 
all incidences at pre-defined intervals and evaluated the study based on a 
priori agreed stopping rules.

Calibration was assessed by comparing observed and mean predicted cu
mulative incidence of recurrence at 2 years. We estimated the calibration 
slope by fitting a Cox regression model to the study cohort in which the 
linear predictors from the VPM (the sum of predictors multiplied by their 
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predictor weights as defined by the VPM) were included as a single covari
ate. We computed the ratio of observed events and the number of events 
that were predicted by the VPM (O/E ratio) to assess general under- or 
overestimation. We also evaluated discrimination of the VPM in the study 
cohort by computing Uno’s concordance index (c-statistic).35

As post-hoc analysis, we evaluated whether analysis of the study cohort’s 
recurrence profile suggested modifying the weights assigned to each predict
or by the VPM. We first estimated a Cox regression model including the cov
ariates of the VPM, i.e. sex, location of index VTE, and log-base-2 
transformed D-dimer, while considering the linear predictors of the VPM 
as an offset, i.e. as a covariate with a fixed predictor weight of 1. Rather 
than re-estimating new predictor weights, this model suggests how the pre
dictor weights of the VPM should be modified to provide an ideal fit in the 
study cohort. We used a likelihood ratio test to test whether any of these 
suggested predictor weight modifications was different from 0 and should 
be updated. To recalibrate the model, we left the predictor weights of the 
VPM unchanged but re-estimated the baseline hazard function. Ninety-five 
percent confidence intervals were obtained by the bootstrap percentile 
method, re-estimating the baseline hazard function on 1000 resamples 
drawn with replacement from the original cohort. Harrell’s optimism- 
correcting bootstrap method was used to internally validate the O/E ratio 
after recalibration.36 R software (Version 4.0.2, 2018, R Core Team, 
Vienna, Austria) was used for statistical analysis. Reporting of this study com
plied to the Transparent Reporting of a Multivariable Prediction Model for 
Individual Prognosis or Diagnosis (TRIPOD) statement.37

Results
Patients
Between January 2013 and May 2019, 818 patients with a first unpro
voked DVT of the leg or pulmonary embolism were included (Figure 1). 

Fifteen patients left the study before VPM risk assessment: seven pa
tients had early recurrence, five patients had reasons for indefinite an
ticoagulation other than VTE, two patients withdrew their consent, and 
one patient was diagnosed with cancer. The VPM risk assessment was 
performed in 803 patients 3 weeks after oral anticoagulation had been 
stopped. A total of 283 patients (35%) with a VPM risk score of more 
than 180 points (corresponding to a 1-year recurrence risk of more 
than 5.5%) were classified as high-risk patients and were further man
aged by their physician. Characteristics of the 520 patients with a low 
risk of recurrence based on a VPM risk score of 180 points or less 
are shown in Table 1. They were followed for a median of 23.9 months. 
Their median age was 52 years and 56% were male. A total of 88 pa
tients (17%) had isolated distal DVT, 206 patients (40%) had proximal 
DVT, and 226 patients (43%) had pulmonary embolism. A total of 441 
patients (85%) had been treated with a direct oral anticoagulant for 
their incident VTE. In 68 patients, follow-up ended prematurely: restart 
of anticoagulation for other reasons (56 patients), death from cardiac 
failure (1 patient), withdrawal of consent (1 patient), and lost-to- 
follow-up (10 patients). These patients were included in the analysis 
as censored observations.

Recurrent venous thromboembolism
Fifty-two of the 520 patients had recurrent VTE (Table 2). Seven pa
tients (13%) had symptomatic isolated distal DVT, 17 patients (33%) 
had symptomatic proximal DVT, and 28 patients (54%) had symptom
atic pulmonary embolism. Recurrence was unprovoked in 45 patients 
(87%) and was associated with a transient risk factor in 7 patients 
(13%; trauma in 3 patients, surgery in 2 patients, and acute medical ill
ness in 2 patients). Of the 20 patients with DVT as index event, 14 had a 

15 pa�ents le� the study before VPM risk
assessment:

Recurrent VTE (7)
Other indica�on for an�coagula�on (5)
Withdrawal of consent (2)
Diagnosis of cancer (1)

803 pa�ents underwent VPM risk
assessment a�er 3 weeks

818 pa�ents with a first unprovoked
VTE gave informed consent and
stopped an�coagula�on

520 pa�ents had < 180 VPM risk
points (= low risk) and were
scheduled for a follow up of 2 years

283 pa�ents had > 180 VPM risk points
(=high risk), le� the study and were
managed by their physicians

68 pa�ents censored during follow up:

Other indica�on for an�coagula�on (56)
Death from cardiac insufficiency (1)
Withdrawal of consent (1)
Lost to follow up (10)

52 pa�ents with recurrent VTE
400 pa�ents without recurrence a�er 2 years

Figure 1 Patient flow

48                                                                                                                                                                                                     Kyrle et al.



DVT and 6 had pulmonary embolism as recurrence. Of the 32 patients 
with a pulmonary embolism as index event, 10 patients had a DVT and 
22 patients had pulmonary embolism as recurrence. The cumulative re
currence risk after 12 and 24 months was 5.2% (95% CI 3.2–7.2) and 
11.2% (95% CI 8.3–14.0) (Figure 2), respectively. Recurrence occurred 
in the first year with an incidence rate of 5.3 events per 100 patient- 
years (95% CI 3.4–7.8) and in the second year with an incidence rate 
of 6.5 events per 100 patient-years (95% CI 4.3–9.4).

Calibration of the Vienna Prediction Model
The 1-year cumulative incidence of recurrence was significantly lower 
than the threshold value of 8% set in our null hypothesis (P = .003). 
The 2-year cumulative incidence was not significantly lower than the 
pre-specified threshold value of 13% (P = .11). Calibration comparing 
the risk of recurrent VTE predicted by the VPM with the observed re
currence rate was adequate at 1 year. At 2 years, calibration was ad
equate for patients with a predicted risk below 5%, while the VPM 
underestimated the recurrence risk above that value. The calibration 
slope, ideally at 1.0, was estimated at 1.3 (95% CI 0.3–2.4). The ratio 
of observed and expected events (O/E ratio), equal to 52/32 = 1.6 
(95% CI 1.2–2.0), indicated general underestimation of recurrence 
probabilities.

Updating of the Vienna Prediction Model
To address the VPM’s apparent underestimation of the recurrence risk, 
we first evaluated whether the risk predictors (sex, VTE location, and 
D-dimer) require adjustment. There was no evidence of lack of fit of 
the predictor weights (P = .32). In a post-hoc analysis, we recalibrated 
the model by re-estimating the baseline hazard function. Internal 

bootstrap validation of this recalibration step indicated an O/E ratio 
of 1.03 (95% CI 0.55–1.74) of the updated VPM. The recurrence risks 
predicted by the updated VPM for men and women according to the 
location of the index VTE and D-dimer are depicted in Figure 3. It 
was highest in men with proximal DVT or pulmonary embolism and 
lowest in women with isolated distal DVT. An intermediate risk was 
found in women with proximal DVT or pulmonary embolism and in 
men with isolated distal DVT. In all groups, the recurrence risk in
creased log-linearly with the D-dimer level. The recurrence risk can 
be calculated using a web-based calculator (https://clinicalbiometrics. 
shinyapps.io/VPM_lowrisk/).

Discussion
Patients with unprovoked VTE have a high risk of recurrence, which is 
why expert panels suggest extended-phase anticoagulation.17–19

However, many patients will never experience a recurrent event but 
are exposed to a bleeding risk and other burdens of long-term anticoa
gulation. Hence, we set out to evaluate whether the VPM can identify 
this subset of low-risk patients in whom limited duration of anticoagu
lation might be considered. We only followed patients with a predicted 
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Table 1 Baseline characteristics of 520 patients with a 
first unprovoked venous thromboembolism and a low 
recurrence risk as estimated by the Vienna Prediction 
Model

Characteristic Patients

Age—years, median (interquartile range) 52 (42, 65)

Sex, number (%)

Male 289 (56)

Female 231 (44)

D-dimer—ng/mL, median (interquartile range) 280 (190, 450)

Location of incident event, number (%)

Isolated distal deep-vein thrombosisa 88 (17)

Proximal deep-vein thrombosis 206 (40)

Pulmonary embolism 226 (43)

Type of anticoagulant, number (%)

Vitamin K antagonist 79 (15)

Direct oral anticoagulation 441 (85)

Duration of anticoagulation—months, median 
(interquartile range)

3.9 (3.3, 5.7)

Follow-up, median (interquartile range) 23.9 (23.8, 23.9)

aDefined as a thrombus in the tibial anterior, peroneal, or tibial posterior veins.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Characteristics of 52 patients with recurrence 
after a first unprovoked venous thromboembolism

Patient characteristics Value

Age—years, median (interquartile range) 54 (40–66)

Sex, number (%)

Male 30 (58)

Female 22 (42)

D-dimer—ng/mL, median (interquartile range) 240 (190–475)

Location of index venous thromboembolism, 
number (%)

Proximal deep-vein thrombosis 17 (32)

Isolated distal deep-vein thrombosis 3 (6)

Pulmonary embolism 32 (62)

Location of recurrence, number (%)

Isolated distal deep-vein thrombosis 7 (13)

Proximal deep-vein thrombosis 17 (33)

Pulmonary embolism 28 (54)

Fatal 0 (0)

Provoking factor, number (%)

Absent 45 (87)

Present 7 (13)

Type of anticoagulant, number (%)

Vitamin K antagonist 11 (21)

Direct oral anticoagulant 41 (79)

Duration of anticoagulation—months, median 
(interquartile range)

3.5 (3.2–5.9)
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1-year recurrence risk of ≤5.5%. In this set of patients, the cumulative 
recurrence risk after 1 year was 5.2% and thus low (Structured Graphical 
Abstract). We found that the VPM underestimated the recurrence risk 
of patients who had a 2-year recurrence rate of more than 5% 
(Structured Graphical Abstract). Poorer model performance in a new 
set of patients was to be expected and can be explained by a different 
case mix, change in patient care including novel treatments, as well as by 
more sensitive diagnostic tools, such as the development of high- 
resolution imaging techniques for diagnosis of pulmonary embolism.38

We did not find strong evidence that the weight of the predictors com
prising sex, VTE location, and D-dimer required modification and reca
librated only the baseline hazard. The updated VPM stratifies patients 
into distinct subgroups according to their recurrence risk (Figure 3). 
Women with a low to moderate D-dimer and men with a low 
D-dimer are within a lower risk category regardless of thrombosis 
site, while men with a pulmonary embolism or proximal DVT have a 
higher recurrence risk. The VPM can be accessed via a web-based 
risk calculator (https://clinicalbiometrics.shinyapps.io/VPM_lowrisk/).

Our findings complement those of Geersing et al.31 who studied the 
performance of the VPM in a randomized controlled trial. A major dif
ference between VISTA and our study is that in VISTA patients with un
provoked VTE were included regardless of their recurrence risk, while 
we studied only patients with a predicted low recurrence risk. In the 
subset of VISTA patients with a predicted low 1-year recurrence risk 
(2%–4%), the observed risk of recurrence was indeed low (2.5%). 
This finding is in agreement with our observation that the VPM exhibits 
good discriminative power and good calibration in patients at the lower 
spectrum of the predicted risk.

Our observation of a low recurrence risk among women is in line 
with findings of a prospective management study evaluating the 
HERDOO2 rule.39 According to that rule, women with a first unpro
voked VTE event and none or only one of the HERDOO2 criteria (signs 
of post-thrombotic syndrome, of a high D-dimer, and of a high body 
mass index or at younger age) have a low risk of recurrent VTE, while 
no subgroup of men could be identified at low recurrence risk.

To establish the optimal duration of anticoagulation, the individual risk 
of recurrent VTE must be weighed against the individual bleeding risk 
also considering the respective case fatality rates. A meta-analysis 
showed an incidence of major bleeding during extended-phase anticoa
gulation of 1.68 per 100 patient-years with incidence rates per 100 
person-years for vitamin K antagonists of 2.00 (95% CI 1.56–2.50) and 
for direct oral anticoagulants of 1.20 (95% CI 0.74–1.77).20 The case fa
tality rate of major bleeding was 8.4% and thus twice that of recurrent 
VTE.16 In a prospective cohort study of 839 patients, we even recorded 
a lower incidence of fatal pulmonary embolism with 4 out of 263 patients 
with recurrence.15 Besides bleeding, extended-phase anticoagulation can 
be associated with inconveniences in lifestyle, work conditions, and leis
ure activities causing a limitation of patient satisfaction.

Thus, patients and their physicians may well have their own, individ
ual assessment on the balance of risks of recurrence and bleeding which 
could deviate from that suggested by guidelines. For instance, patients 
with a higher bleeding risk may accept a somewhat higher risk of recur
rent VTE. Estimation of the recurrence risk by the VPM could also sup
port informed decision-making when the balance between risks and 
benefits is uncertain or in patients who are undecided or even reluctant 
towards indefinite anticoagulation.

When applying the VPM, anticoagulation needs to be stopped short
ly before D-dimer measurement which carries a risk of early recurrent 
VTE. Indeed, in our study, a very small proportion of patients had recur
rent VTE within 3 weeks after stopping anticoagulation. For these pa
tients, an obvious and clinically meaningful pattern of patient 
characteristics and risk factors was not identifiable. This small risk of 
early recurrence must be balanced against the benefit of identifying pa
tients at low recurrence risk in whom limited duration of anticoagula
tion might be justified. Clearly, this feature of the VPM must be 
discussed with the patients. Bridging with a platelet function inhibitor 
might reduce the recurrence risk during this period, but its effect on 
the performance of the VPM is unclear. Notably, except for the 
HERDOO2 rule, D-dimer is measured after anticoagulation in all other 
prediction models.

Figure 2 Cumulative probability of recurrent venous thromboembolism. Dashed lines indicate 95% confidence intervals
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The recurrence risk of patients with unprovoked distal DVT is less 
well studied, as often also patients with provoked DVT or muscle 
vein thrombosis were included.40,41 We included only patients who 
had unprovoked symptomatic thrombosis in the tibial anterior, pero
neal, and/or tibial posterior veins. In this subset of patients, we and 
others recorded a 10-year recurrence risk of about 20% with a consid
erable proportion of patients with pulmonary embolism at recur
rence.15,42 Regarding the duration of anticoagulation, guidelines do 
not differentiate between patients with isolated distal or proximal 
DVT.17,18 Whereas women with an isolated distal DVT in our study 
had a very low recurrence risk, we recorded a higher risk in men which 
was in the range of that of women with proximal DVT. We believe that 
assessment of the risk of recurrence in patients with isolated distal DVT 
could be clinically relevant and is a valuable feature of our model.

Our study has several strengths. We studied a homogenous cohort 
of patients by excluding patients with a history of VTE before the index 
event and patients with VTE provoked by a transient risk factor includ
ing oestrogen use.7 The proportion of patients within the low-risk cat
egory as identified by the VPM was as high as 65% of the total 
population with unprovoked VTE. We performed a baseline compres
sion ultrasound to facilitate the diagnosis of recurrence according to an 
algorithm.32 Patients were seen in person, and few were lost to follow- 
up. Most patients were treated with a direct oral anticoagulant for their 
first VTE rather than with a vitamin K antagonist.

Our study has limitations. We did not screen for laboratory throm
bophilia but excluded patients with already documented major throm
bophilia. We included few patients with another ethnicity than 

Caucasian. We did not evaluate the recurrence risk in patients with a 
VPM risk score of more than 180 risk points, which corresponds to a 
1-year recurrence risk of more than 5.5%. From our view, withdrawal 
of anticoagulation is not justified in these high-risk patients. The recali
brated VPM should preferably be externally validated.

In this prospective evaluation of the performance of the VPM, the 1-year 
rate of recurrent VTE was 5.2%, which may be regarded by some as too 
high as to withhold anticoagulation. Recalibration improved the perform
ance, and the VPM identifies patients with a first unprovoked VTE and a 
lower risk of recurrence and further stratifies them into different low-risk 
subcategories. Such a personalized risk assessment could facilitate in
formed decision-making on the duration of secondary thromboprophy
laxis when the optimal balance between risks and benefits is uncertain.
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Correction to: 2023 Focused Update of the 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: 
Developed by the task force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology 
(ESC) With the special contribution of the Heart Failure Association (HFA) of the ESC

This is a correction to: Theresa A McDonagh, Marco Metra, Marianna Adamo, Roy S Gardner, Andreas Baumbach, Michael Böhm, Haran 
Burri, Javed Butler, Jelena Čelutkienė, Ovidiu Chioncel, John G F Cleland, Maria Generosa Crespo-Leiro, Dimitrios Farmakis, Martine 
Gilard, Stephane Heymans, Arno W Hoes, Tiny Jaarsma, Ewa A Jankowska, Mitja Lainscak, Carolyn S P Lam, Alexander R Lyon, John J V 
McMurray, Alexandre Mebazaa, Richard Mindham, Claudio Muneretto, Massimo Francesco Piepoli, Susanna Price, Giuseppe M C Rosano, 
Frank Ruschitzka, Anne Kathrine Skibelund, ESC Scientific Document Group, 2023 Focused Update of the 2021 ESC Guidelines for the diag
nosis and treatment of acute and chronic heart failure: Developed by the task force for the diagnosis and treatment of acute and chronic heart 
failure of the European Society of Cardiology (ESC) With the special contribution of the Heart Failure Association (HFA) of the ESC, European 
Heart Journal 2023;44:3627–3639, https://doi.org/10.1093/eurheartj/ehad195

The originally published version of this Guidelines paper has been corrected.

The following two references and their in-text citations have been added to the manuscript as Reference 39a and 39b respectively:

Perkovic V, Jardine MJ, Neal B, Bompoint S, Heerspink HJL, Charytan DM, Edwards R, Agarwal R, Bakris G, Bull S, Cannon CP, Capuano G, 
Chu PL, Zeeuw D De, Greene T, Levin A, Pollock C, Wheeler DC, Yavin Y, Zhang H, Zinman B, Meininger G, Brenner BM, Mahaffey KW. 
Canagliflozin and renal outcomes in type 2 diabetes and nephropathy. N Engl J Med 2019;380:2295–2306.

Bhatt DL, Szarek M, Pitt B, Cannon CP, Leiter LA, McGuire DK, Lewis JB, Riddle MC, Inzucchi SE, Kosiborod MN, Cherney DZI, Dwyer JP, 
Scirica BM, Bailey CJ, Díaz R, Ray KK, Udell JA, Lopes RD, Lapuerta P, Steg PG. Sotagliflozin in Patients with Diabetes and Chronic Kidney 
Disease. N Engl J Med 2021;384:129–139.

In ‘Recommendation Table 4’, the following sentence has been updated:

In patients with T2DM and CKD,c SGLT2 inhibitors (dapagliflozin or empagliflozin) are recommended to reduce the risk of HF hospitalization 
or CV death.5,7,35

The sentence now reads as follows:

In patients with T2DM and CKD,c SGLT2 inhibitors are recommended to reduce the risk of HF hospitalization or CV death.35

This article is co-published with permission in the European Heart Journal and the European Journal of Heart Failure. All rights reserved. © The European Society of 
Cardiology 2023. The articles are identical except for stylistic differences in keeping with each journal’s style. Either citation can be used when citing this article. For 
permissions, please e-mail: journals.permissions@oup.com
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