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ABSTRACT Attempts at identifying patients with an elevated risk of bleeding while on anticoagulation
following acute venous thromboembolism (VTE) have largely been unsuccessful thus far. We sought to
develop a clinical prediction score for bleeding during stable anticoagulation treatment after acute VTE.

We performed a post hoc analysis of the pooled RE-COVER studies, two double-blind randomised
“sister” trials evaluating dabigatran versus standard treatment in 5107 VTE patients.

A score was derived from patients randomised to dabigatran using logistic regression analysis covering
the complete follow-up period. The final model, named VTE-BLEED, included six variables and yielded a
c-statistic of 0.72 (95% CI 0.67–0.76). Patients from the derivation cohort in the low-risk group (<2 points;
74% of the derivation population) had a bleeding incidence of 2.8% compared to 12.6% in the elevated-
risk group (OR 5.0; 95% CI 3.5–7.1). The score proved accurate for our primary end-point, i.e. prediction
of major bleeding after day 30 (“stable” anticoagulation), both in patients on dabigatran (c-statistic 0.75,
95% CI 0.61–0.89) and those on warfarin (0.78, 95% CI 0.68–0.86; p=0.77 for difference).

The new VTE-BLEED score accurately predicted major bleeding events in VTE patients on stable
anticoagulation with both dabigatran and warfarin.
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Introduction
Current guidelines recommend anticoagulation treatment for 3 months after an episode of venous
thromboembolism (VTE) associated with a transient risk factor, and for ⩾3 months after the first episode
of “unprovoked” VTE associated with persistent risk factors or in the absence of a risk factor [1, 2]. In the
latter patient category, the decision to continue or stop anticoagulant treatment after this period should be
made by weighing the risk of recurrent VTE once treatment is discontinued against the risk of bleeding
during ongoing treatment. In this regard, dependable validated clinical tools for predicting both the
thrombotic and the bleeding risk over the long term are crucial for decision making in individual cases.
However, importantly, and in contrast to the robust bleeding scores available for patients with atrial
fibrillation, no widely accepted prediction rule(s) exist for VTE [1–4].

In the past, attempts to identify independent risk factors for bleeding in patients with VTE resulted in
various scores which, for the most part, failed external validation [5–9]. Moreover, widely used bleeding
risk scores for patients with atrial fibrillation generally exhibited low accuracy in the VTE setting [8–13].
Of note, a key prerequisite for a successful bleeding prediction rule after acute VTE is its performance in
patients on long-term, stable anticoagulation, which may take up to several weeks to achieve [4]. It is this
chronic clinical course that will be relevant for the decision whether to stop or continue anticoagulation
after the “compulsory” 3-month treatment period. Conversely, early bleeding complications that were
included in previous bleeding score studies reflect, at least in part, the acute disease of the patient and the
variable initial response to anticoagulant treatment, and may not be relevant for the prediction of bleeding
in the long term [4, 14].

Based on these considerations, our aim was to develop and test a clinical prediction score for major
bleeding during stable anticoagulation treatment for acute VTE. For this purpose, we performed a
patient-level post hoc analysis of patients included in the RE-COVER study programme. RE-COVER and
RE-COVER II were “sister” studies designed to compare the efficacy and safety of dabigatran etexilate,
given 150 mg twice daily, to international normalised ratio (INR)-guided warfarin, both following initial
parenteral treatment with unfractionated or low molecular weight heparin for ⩾5 days [15, 16].

Methods
Design of the RE-COVER trials
The study design, inclusion and exclusion criteria, outcome measures and baseline population characteristics
of the RE-COVER study programme have been presented in the original reports of these trials [15, 16].
Briefly, RE-COVER and RE-COVER II had an identical design, being randomised, double-blind,
active-control, non-inferiority studies in patients with symptomatic and confirmed proximal deep vein
thrombosis (DVT) or acute pulmonary embolism (PE). Patients were followed-up for 6 months for the
occurrence of recurrent symptomatic or fatal VTE (primary efficacy outcome) as well as for major or clinically
relevant non-major bleeding complications occurring during active treatment (primary safety outcome).

Major bleeding was defined based on the criteria of the International Society on Thrombosis and
Haemostasis [17]. Online supplementary appendix 1 demonstrates the definition of clinically relevant
non-major bleeding. All bleeding events were adjudicated by independent central committees whose
members were unaware of the treatment assignment.

Aim and design of the present study
The primary objective of our analysis was to derive a robust clinical score for predicting anticoagulant-
associated major bleeding in patients on “stable” anticoagulation (defined as the treatment period after the first
30 days) following acute VTE. However, the score was derived from all patients who were included in
RE-COVER and RE-COVER II and were randomised to receive dabigatran. The rationale for focusing on the
dabigatran (and not the warfarin) population at this first step was based on the following considerations: 1) it
takes approximately five half-lives of warfarin to reach steady-state concentrations after initiation of therapy or
after dosage adjustments; 2) the steady state of anticoagulation is not achieved until the levels of the vitamin
K-dependent clotting factors also reach a new equilibrium; and 3) concomitant early use of parenteral heparin
during titration of vitamin K antagonists generates an additional bleeding risk during the first days of
anticoagulation. As a result, and in contrast to the new target-specific oral anticoagulants like dabigatran, it
may take several weeks to achieve stable anticoagulation under warfarin [14, 18], the first weeks usually not
being representative of the entire treatment period with this drug.

For the derivation of a robust clinical score, ⩾10 events per potential risk factor should be available for the
regression analysis. Recognising that the number of bleeding events in the RECOVER study programme
was low and with the aim of achieving maximum power for the derivation analysis based on an
appropriate large number of bleeding events, we further included all major or non-major clinically relevant
bleeding events that occurred during the total study period as end-points of the derivation analysis.
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Following the derivation step, we pursued our primary end-point by evaluating the new score in the
patients receiving “chronic” treatment with dabigatran, and subsequently tested the score in patients
receiving “chronic” treatment with warfarin (in both cases after the first 30 days following randomisation).

Further objectives of our study were to test the performance of the newly derived score in patients who
presented with DVT versus PE separately. Finally, we compared the predictive accuracy of the derived
score to that of existing bleeding scores [5–7, 10–12] (online supplementary appendix 3).

Statistical analysis
Out of all recorded baseline variables in the RE-COVER programme, we first filtered and included in the
univariate analysis those variables which were statistically (based on the number of events) and/or medically
(as judged by three of the authors: FAK, AC and SK) related to bleeding events (online supplementary
appendix 2). To find potential combinations of variables which might predict the bleeding risk, we used
classification and regression tree (CART) analyses on the RE-COVER data sets. Combinations of variables
that showed a large deviance reduction in the splits of CART analyses and defined larger robust subgroups of
patients were added to the initial variable list (online supplementary appendix 2). Next, we calculated
univariate odds ratios and p-values for all these variables. To do so, continuous variables were categorised at
an optimal threshold. For this purpose, we calculated odds ratios for different splits and used the smallest
p-value or took a nearby established clinical split (for example, creatinine clearance ⩽60 mL·min−1 as
calculated using the Cockroft–Gault formula, which indicates at least moderate kidney dysfunction according
to the Kidney Disease Outcomes Quality Initiative criteria). Notably, patients with an estimated glomerular
filtration rate (eGFR) <30 mL·min−1 were excluded from the RECOVER trials and thus also from this
analysis. Univariate predictors with a significance level of p<0.10 were included in a multivariate logistic
regression model. On 1000 bootstrap samples we performed stepwise selection regression based on a
significance level of p<0.05. Variables which were significant in >50% of the runs were retained in the final
model. Furthermore, we verified the quality of the multivariate models using the Akaike information criterion
and Bayesian information criterion and checked method robustness by applying different regression
techniques: least absolute shrinkage and selection operator, forward and backward regression.

Based on the final model, we constructed a risk score by assigning points to each predictor according to
the regression coefficients, by multiplying them with a common factor (if convenient) and rounding to the
nearest integer. The diagnostic quality of the proposed risk score was examined using receiver operator
characteristic curve analysis. The bleeding score was considered beforehand to discriminate well in the
derivation set if its c-statistic was significantly greater than 0.5 (lower limit of 95% CI >0.50). The score
point distribution together with the frequency of bleeding indicates an optimal two-level threshold. An
odds ratio with 95% confidence interval was calculated to quantify the risk differences between the
low-risk and elevated-risk categories. In the next step, the c-statistic and odds ratio of the score in
dabigatran-treated patients after the first 30 days were determined for major bleeding events only.
Subsequently, we evaluated the performance of the newly derived score in predefined patient subgroups
and clinical settings as mentioned above by determining, weighing and comparing the c-statistic and odds
ratios of the newly derived score between the predefined subgroups and clinical scenarios. Data processing
and analyses were performed using SAS software for Windows version 9.2 or later (SAS Institute, Inc.,
Cary, NC, USA). Where convenient, we used packages from R version 3.0.2 (www.r-project.org).

Results
Patient population and derivation of the prediction score in patients receiving dabigatran
5107 patients from the RE-COVER and RE-COVER II studies were available for analysis. Of these, 2553
were randomised to receive dabigatran and 2554 to warfarin; the baseline characteristics of the study
subjects have been described previously [15, 16].

In the dabigatran arm of the pooled study population, 37 (1.4%) patients suffered major bleeding and
another 101 (4.0%) patients experienced clinically relevant non-major bleeding events at any time point
following randomisation (table 1). The derivation of the new score was based on these 138 patients with
events, and on the 2415 patients who remained free of clinically relevant haemorrhage.

CART analyses suggested potentially relevant combinations of variables showing a high association with
bleeding events. However, most of the tree results defined small groups of patients and were thus not
reliable. Further univariate analyses resulted in three combined variables in addition to the initial
single-variable list: male patients with systolic blood pressure ⩾140 mmHg at baseline, patients aged
⩾70 years with a BMI of ⩾30 kg·m−² and male patients aged ⩾70 years (online supplementary appendix
2). 13 of the variables were associated with bleeding in the univariate analysis (p<0.1) and were
subsequently entered in the multivariate analysis (table 2). The final multivariate model included six
independently significant clinical variables (or combinations thereof): active cancer (2 points); male patients
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with uncontrolled arterial hypertension at baseline (1 point); anaemia (1.5 points); history of bleeding
(1.5 points); age ⩾60 years (1.5 points); and renal dysfunction (1.5 points) (table 3). The c-statistic for this
newly derived VTE-BLEED score was 0.72 (95% CI 0.67–0.76), with the lower limit of the 95% confidence
interval largely exceeding the predefined 0.50 threshold for acceptable accuracy (fig. 1). Based on the
distribution of bleeds in patients with various scores within the study population, the optimal threshold was
set at 2 points, a value which best differentiated between patients with low (0–1.5 points) and elevated
(⩾2 points) bleeding risk on stable anticoagulation. Using this cut-off, a total of 1880 patients (74% of the
pooled RE-COVER population) were classified into the low-risk category (bleeding incidence 2.8%) and
673 (26%) into the elevated-risk category (bleeding incidence 12.6%). The calculated odds ratio indicated a
5.0 times (95% CI 3.5–7.1) higher risk of bleeding for patients belonging to the elevated-risk category
compared to the low-risk category.

Performance of the VTE-BLEED score in patients receiving warfarin
In the warfarin arm (2554 patients) of the pooled RE-COVER study population, 51 (2.0%) patients
suffered a major bleed and another 167 (6.5%) patients experienced clinically relevant non-major bleed
events at any time point following randomisation (table 1). The c-statistic of the new prediction score was
0.59 (95% CI 0.55–0.63) for patients treated with warfarin; this was lower (p<0.001) than that in the
derivation sample. This difference was not unexpected, since as mentioned above, the early kinetics of
warfarin anticoagulation differ from those during the initiation of new non-vitamin-K dependent oral
anticoagulants.

TABLE 1 Overview of bleeding events in the study population

Major bleeding Non-major clinically relevant bleeding

Dabigatran
Complete period 37 (1.4) 101 (4.0)
“Stable” anticoagulation 13 (0.54) 67 (2.8)

Warfarin
Complete period 51 (2.0) 167 (6.5)
“Stable” anticoagulation 25 (1.0) 85 (3.5)

Data are presented as n (%). The number of patients with events in the present analysis exceeds by two the
number (n=136) previously reported in the pooled RE-COVER population [15]. The reason is that in the
present study, and in contrast to the previous analysis, we considered all events that occurred after
randomisation, regardless of whether the patient received study medication; thus, the two additional
bleeding events included here are those that occurred before initiation of the study drug.

TABLE 2 Results of univariate analysis

Occurrence in derivation population OR (95% CI) p-value

Subjects n 2553
Active cancer 114 (4.4) 4.18 (2.50–7.02) <0.0001
Age ⩾60 years 1054 (41) 3.24 (2.24–4.67) <0.0001
Renal dysfunction (creatinine clearance 30–60 mL·min−1) 274 (11) 3.09 (2.05–4.63) <0.0001
History of bleeding 123 (4.8) 2.83 (1.62–4.93) 0.0007
Anaemia 227 (8.9) 2.55 (1.63–4.01) 0.0002
Age ⩾70 years and BMI ⩾30 kg·m−² 134 (5.3) 2.35 (1.33–4.13) 0.0054
Use of aspirin 258 (10) 1.55 (0.95–2.54) 0.0819
Asian patient 272 (11) 1.55 (0.96–2.51) 0.0871
Uncontrolled hypertension 753 (29) 1.52 (1.07–2.16) 0.0270
Male patient with uncontrolled hypertension 480 (19) 2.26 (1.46–3.51) 0.0003
Active use of platelet aggregation inhibitors 548 (21) 1.42 (0.96–2.02) 0.0874
Prior use of vitamin K antagonists 651 (25) 1.39 (0.96–2.02) 0.0874
Prior use of vitamin K antagonists and/or active use of
platelet aggregation inhibitors

1052 (41) 1.50 (1.07–2.12) 0.0208

Data are presented as n (%), unless otherwise stated. The table shows variables associated with anticoagulation-associated major or clinically
relevant non-major bleeding over a 6-month follow-up period in patients who received at least one dose of dabigatran in the RE-COVER studies.
Definitions are provided in online supplementary appendix 1. Only univariate variables with p<0.1 are shown. BMI: body mass index.
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Primary study end-point: performance of the VTE-BLEED score for predicting major bleeding
events during stable anticoagulation
During the period between day 30 after randomisation and 6-month follow-up, 13 (0.54%) patients in the
dabigatran arm and 25 (1.0%) patients in the warfarin arm had a major bleeding complication (table 1). The
c-statistics of our prediction model improved in both treatment arms to 0.75 (95% CI 0.61–0.89) and 0.78
(95% CI 0.68–0.86) for the dabigatran- and warfarin-treated patients, respectively (fig. 1). For this cohort, a
total of 1790 (74%) patients in the dabigatran treatment arm were classified into the low-risk category for
major bleeding (incidence 0.22%) and 624 (26%) into the elevated-risk category (incidence 1.4%). This
difference corresponded to an odds ratio of 6.5 (95% CI 2.0–21) for patients categorised into the elevated
bleeding risk category compared to the low-risk category. In the warfarin-allocated cohort, 1800 (75%) patients
were classified into the low-risk category (major bleeding risk 0.44%) and 601 (25%) into the elevated-risk
category (major bleeding risk 2.8%). This also corresponded to an odds ratio of 6.5 (95% CI 2.8–15).

Performance of the VTE-BLEED score in specific patient subgroups and comparison to existing
bleeding scores
The VTE-BLEED score performed comparably well in the RE-COVER patients randomised to dabigatran
who had suffered acute PE and in those with DVT, with c-statistics of 0.74 (95% CI 0.67–0.80) and 0.71
(95% CI 0.65–0.76), respectively.

Finally, we determined in the pooled RE-COVER population the point estimates of the c-statistic for
existing bleeding scores derived from patients with atrial fibrillation or VTE. All these values were below
the lower limit of the 95% confidence interval of that of the VTE-BLEED score in the derivation cohort
(table 4). For the prediction of major bleeding during chronic “stable” anticoagulant treatment, the
HAS-BLED, ATRIA and HEMORR2HAGES scores had comparable predictive power.

TABLE 3 Results of multivariate analysis and score derivation

p-value Regression coefficient Points in score

Active cancer 0.0002 1.03 2
Male patient with uncontrolled hypertension 0.0020 0.62 1
Anaemia 0.0016 0.77 1.5
History of bleeding 0.0059 0.83 1.5
Renal dysfunction (creatinine clearance 30–60 mL·min−1) 0.0043 0.66 1.5
Age ⩾60 years 0.0001 0.79 1.5

Single individual predictors awarded <2 points do not represent a high bleeding risk.
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FIGURE 1 Receiver operator characteristic curves for the newly derived VTE-BLEED score for the derivation
cohort (dabigatran starting at moment of randomisation) and validation cohorts (warfarin and dabigatran,
starting after 30 days from randomisation, focused on major bleeding (MB) only).
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Discussion
The present analysis allowed us to develop a practical and fairly robust clinical score for predicting major
bleeding complications during stable oral anticoagulation, either with dabigatran or with warfarin, after an
episode of acute VTE. This VTE-BLEED score consists of six simple and objective clinical variables.
Importantly, the score appeared to be valid both in patients who presented with DVT and those with PE.
Across all patient subgroups and clinical scenarios, the score identified approximately one quarter of the
patients who may have an up to 6.5 times higher bleeding risk than the majority of patients who are at
low risk. Of note, and according to its label, dabigatran is contraindicated in patients with an eGFR
<30 mL·min−1; our score is thus not applicable to this specific patient group. Finally, our results suggest
the new VTE-BLEED score may outperform bleeding scores previously proposed for VTE. In this regard,
it should be noted that bleeding scores derived from and used in patients with atrial fibrillation exhibited
comparable performance to VTE-BLEED for predicting major bleeding during the “stable” anticoagulation
period in our patient population. This seems consistent with their purpose which is the prediction of
bleeding complications during chronic anticoagulant treatment. However, in our opinion, a limitation of
those scores as opposed to VTE-BLEED is that they provide more “vague” definitions of at least some of
the included variables, and are thus more difficult to reproduce (online supplementary appendix 3).

In contrast to the target-specific mechanism of action of the “new”, non-vitamin-K dependent oral
anticoagulants, the anticoagulant activity of warfarin depends on the clearance of functional clotting
factors from the circulation, with half-lives ranging from 6 h for factor VII to 72 h for factor II. Net
clearance of these factors starts as early as 1 day after administration of the first warfarin dose, but it may
not be fully evident until the fifth day of therapy [14, 19]. As a result, it may take up to 21 days to achieve
stable anticoagulation using warfarin [14, 18]. Moreover, concomitant initial use of parenteral heparin
during titration of vitamin K antagonists generates an additional bleeding risk during the first days of
anticoagulation [4, 14]. Accordingly, the different profile of anticoagulation treatment using warfarin
compared to dabigatran may explain, at least in part, the somewhat lower performance of the
dabigatran-derived bleeding prediction score in the warfarin arm of the RE-COVER studies when the
entire treatment period following randomisation was taken into account. Indeed, the treatment arm related
differences in the performance of the score diminished when we focused on the period of stable
anticoagulation, during which the mean time in the therapeutic international range of the normalised ratio
range was reported to increase from 51% to 62% in the RE-COVER studies [15, 16].

In accordance with our findings, a recent observational study [9] reported that focusing on the chronic phase
of anticoagulation improved the c-statistics of the HAS-BLED score (derived from patients with atrial
fibrillation) in a PE cohort. A subanalysis of the EINSTEIN programme confirmed our hypothesis that risk
factors for bleeding change over time [20]. In that study, a prediction model for bleeding events was developed
and tested for the initial 3 weeks and the period thereafter. Several risk factors overlap between the EINSTEIN
score and the VTE-BLEED score, such as age, body weight, sex, cancer and anaemia. Disadvantages of the
score proposed by DI NISIO et al. [20] is that it includes the item “rivaroxaban versus enoxaparin/vitamin K
antagonist”, which is not easily generalisable, and the fact that its performance decreased in the chronic
treatment period to a c-statistic of “only” 0.68 (compared to 0.75 and 0.78 for the VTE-BLEED score).

TABLE 4 C-statistics of receiver operator characteristic curves for the new bleeding prediction score derived from the
RE-COVER and RE-COVER II trials in comparison to the performance of existing scores for dabigatran-treated patients

C-statistic complete
study period# for dabigatran

C-statistic “stable” anticoagulation
period¶ for dabigatran

C-statistic “stable” anticoagulation
period¶ for warfarin

VTE-BLEED score 0.72 (0.67–0.76) 0.75 (0.61–0.89) 0.78 (0.68–0.86)
Kuijer score [5] 0.66 (0.62–0.71) 0.60 (0.4–0.76) 0.68 (0.59–0.77)
OBRI [6] 0.64 (0.59–0.68) 0.69 (0.56–0.80) 0.72 (0.61–0.81)
RIETE score [7] 0.65 (0.60–0.70) 0.73 (0.59–0.85) 0.65 (0.51–0.77)
HAS-BLED score [10] 0.64 (0.59–0.68) 0.76 (0.65–0.85) 0.72 (0.62–0.81)
ATRIA score [11] 0.60 (0.55–0.64) 0.75 (0.63–0.86) 0.73 (0.62–0.83)
HEMORR2HAGES score [12] 0.63 (0.59–0.68) 0.80 (0.68–0.90) 0.76 (0.68–0.84)

Data are presented as c-statistic (95% CI). The parameters included in the other scores of bleeding risk, and the definition of risk categories, are
shown in online supplementary appendix 2. 95% confidence intervals were derived from bootstrap analysis. VTE-BLEED: active cancer, male
patients with uncontrolled arterial hypertension at baseline, anaemia, history of bleeding, age ⩾60 years and renal dysfunction; OBRI: outpatient
bleeding risk index; RIETE: Registry of Patients with Venous Thromboembolism; HAS-BLED: hypertension, abnormal renal/liver function, stroke,
bleeding history or predisposition, labile international normalised ratio, elderly, drugs/alcohol; ATRIA: anticoagulation and risk factors in atrial
fibrillation; HEMORR2HAGES: hepatic or renal disease, ethanol abuse, malignancy, older age, reduced platelet count or function, re-bleeding,
hypertension, anaemia, genetic factors, excessive fall risk and stroke. #: major and non-major clinically relevant bleeding; ¶: major bleeding only.
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The VTE-BLEED score was able to identify 25% of patients with an elevated bleeding risk during chronic
anticoagulation, regardless of whether they were treated with dabigatran or warfarin. However, it cannot be
ruled out that risk factors for bleeding while on treatment with dabigatran (or another target-specific oral
anticoagulant) may slightly differ from those predicting warfarin-associated bleeding. This latter notion
appears to be supported by the pooled analysis of phase III trials comparing dabigatran with warfarin for
atrial fibrillation or VTE [21]. Similarly, the predictive value of the HAS-BLED and ATRIA scores was
reported to deteriorate, compared with the original warfarin-treated derivation cohorts, when they were
applied to patients with atrial fibrillation treated with rivaroxaban [22].

We emphasise that the VTE-BLEED score was not designed to contradict or even question the currently
established indications for oral anticoagulation, or to interfere with the choice of the oral anticoagulant in
patients suffering an episode of acute VTE. Rather than interfering with these issues, this study aimed to
address two other unmet medical needs: 1) to identify the minority of patients who may need closer attention
while on anticoagulation after VTE; and 2) to provide a tool that can be helpful in the decision-making process
regarding the extension of anticoagulant treatment beyond the first 3–6 months. In this sense, our score may
be used to complement previously developed clinical decision rules which predict the risk of VTE recurrence
after cessation of anticoagulation therapy [23–25]. Optimally, and in addition to further external validation of
the VTE-BLEED score, a “net clinical benefit” assessment will be needed to increase the applicability and
clinical relevance of our prediction model. This analysis should preferably be in the form of a prospective
cohort study focusing on patients with a high VTE-BLEED score and assessing the risks versus benefits of
continuing different intensities and drug classes of anticoagulation over longer follow-up periods of ⩾1 year.

Bleeding complications of oral anticoagulation are more likely to occur in the first days or weeks of treatment.
This is particularly true for vitamin K antagonists, but may also apply to other types of anticoagulant drugs.
Accordingly, the decision on whether to extend anticoagulant treatment after the first 3 or 6 months will need
to take into consideration the patient’s “chronic” bleeding risk, i.e. after the initial phase. This important
aspect was the focus of the present paper and will need further validation in external cohorts and with longer
follow-up periods.

In our opinion, strong points of the current study are the analysis of high-quality patient-level data from
two double-blind randomised clinical trials, which included a large number of patients with very low rates
of loss to follow-up and independent adjudication of clinically relevant haemorrhage. In addition, we
applied advanced statistical methods, which are in accordance with the recently published TRIPOD
(transparent reporting of a multivariable prediction model for individual prognosis or diagnosis) statement
[26], and we included only objective variables in the analysis to ensure the applicability of the score in
clinical practice. Moreover, we explicitly focused on patients on chronic, stable anticoagulation after VTE.
Finally, none of the available bleeding prediction scores have been validated for patients treated with a
non-vitamin-K dependent oral anticoagulant as well as for a vitamin K antagonist.

The most relevant study limitation is that the new score will also need formal external validation,
particularly in a so-called “real-world” cohort of VTE patients, in the period after the initial 6 months of
treatment, for other non-vitamin-K dependent oral anticoagulants and for different intensities of
long-term anticoagulation. Patients in randomised trials are selected based on strict criteria that, in the
case of RE-COVER and the other phase 3 studies on new non-vitamin-K dependent oral anticoagulants,
may have excluded patients with the highest risk of bleeding. Furthermore, it is not known whether the
risk factors for bleeding in the first 3–6 months can be extrapolated to the extended anticoagulant
treatment thereafter, although it is quite likely that these remain very similar. In addition, previously
developed bleeding scores used for comparison in the present study were calculated in the RE-COVER
population post hoc, which may be a source of bias since not all variables such as “stable INR” were
available at baseline (online supplementary appendix 3). Finally, to achieve sufficient statistical power and
design a robust multivariate model, we chose to include the complete follow-up period (starting at
randomisation) initially as well as both major and clinically relevant non-major bleeding in the derivation
analysis, and to subsequently perform a subgroup analysis for major bleeding events only after the first
30 days. The finding that the new score accurately predicted major bleeding during the stable
anticoagulation phase in both treatment arms supports the validity of our study design.

In conclusion, we derived a six-variable clinical prediction score that identifies one quarter of patients
having an elevated bleeding risk while on chronic anticoagulation treatment after an episode of VTE. The
VTE-BLEED score may, if weighed against the individual patient’s risk of long-term VTE recurrence,
prove helpful in decision making regarding the possible extension of anticoagulation beyond the first
3–6 months. Further research will need to validate this bleeding score outside clinical trial conditions,
confirm that it is applicable to oral anticoagulants other than dabigatran or warfarin and ultimately move
towards integrating the patient’s recurrence and bleeding risk into a single practical decision score.
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