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Abstract. Venous thromboembolism (VTE) is a major
healthcare problem due to its high incidence, significant
mortality rate from pulmonary embolism, high recurrence
rate and morbidity from long-term complications. After a
first episode of VTE all patients must receive anticoagulant
treatment for 3 months. Further anticoagulation is recom-
mended in patients without transient risk factors for VTE or
patients with active cancer, if they are not at a high risk for
bleeding. The VTE-BLEED risk score was created with the
purpose of enabling a better stratification of the bleeding risk
during stable anticoagulation after a first VTE. Currently, it
is the most validated risk score in VTE settings (selected and
non-selected cohorts). It has a good prediction power for major
bleeding events in patients receiving any of the currently avail-
able classes of oral anticoagulants, and it can identify patients
at risk of intracranial and fatal bleeding events. The aim of our
review was to highlight the strengths of the VTE-BLEED risk
score, to acknowledge its weak points and to properly position
its use in current medical practice.
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1. Introduction

Venous thromboembolism (VTE) encompasses deep vein
thrombosis (DVT) and pulmonary embolism (PE) and
is ranked third among the most common cardiovascular
diseases, after acute coronary syndrome and stroke (1). It is
recognized as a worldwide major healthcare problem due to its
high incidence, significant mortality rate from PE (2,3), high
recurrence rate up to 30% at 10 years (4) and high morbidity
through long-term complications (post-thrombotic syndrome
and chronic thromboembolic pulmonary hypertension).

The main stream of treatment is anticoagulation. The
current international guidelines recommend a minimal
duration of 3 months of anticoagulant therapy after a first
episode of VTE (5). Beyond this period, an individualized
approach is sustained, weighing the risk of VTE recurrence
once the treatment is discontinued to the risk of fatal or major
bleeding during ongoing treatment. The risk of VTE recurrence
after stopping anticoagulation is different after a provoked
vs. an unprovoked thromboembolic event (6). Extended
anticoagulation is currently recommended in patients without
transient risk factors for VTE or patients with active cancer,
if they are not at a high risk for bleeding (7). Therefore, the
benefit-risk assessment of extended anticoagulation requires
objective and reliable tools with which to predict both the VTE
recurrence risk and the bleeding risk.

The fear of major bleeding is often present in the minds
of the physicians prescribing anticoagulant treatment, but it
should not be allowed to lead to unwarranted restraint from
anticoagulant therapy. For this reason, various predictive
models and hemorrhagic risk scores have been developed over
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time to aid in the therapeutic decision of anticoagulation. In
2016, a new score for bleeding risk assessment was proposed,
the VTE-BLEED risk score, derived from a post hoc analysis of
patients included in the RE-COVER (8) and RE-COVERII (9)
trials. In the following years, the score underwent multiple
external validations in selected and non-selected cohorts. With
many promising results, the VTE-BLEED has all the chances
to become the most widely used risk score in daily practice.

We conducted this review to highlight the strengths of the
VTE-BLEED risk score, to acknowledge its weak points and to
properly position its use in current medical practice. Automatic
searches of Web of Science and Scopus databases were
performed using the term ‘“VTE-BLEED’ from January 2016
to October 2020. This key word was searched in the titles and
abstracts of the articles. Review articles, meta-analyses and
publications in a language other than English were excluded
from further analysis. The reference lists of all remaining
publications were assessed to retrieve relevant studies not
identified by the initial search.

2. Premises for a new bleeding risk score

Major bleeding is the most relevant and frequent complication
of therapeutic anticoagulation for VTE events, leading to
increased morbidity and mortality. In patients enrolled in
clinical trials, which are closely monitored, the bleedings
are still a major concern and even more in unselected
patients receiving usual care. The International Society
of Thrombosis and Haemostasis (ISTH) defines major
bleeding as fatal bleeding and/or symptomatic bleeding in a
critical area or organ (intracranial, intraspinal, intraocular,
retroperitoneal, intra-articular or pericardial, or intramuscular
with compartment syndrome) and/or bleeding causing a fall
in hemoglobin level of =2 g/dl or leading to transfusion of
>2 units of whole blood or red cells (10).

Several clinical prediction scores and models for
major bleeding are currently available. While some of
them (HAS-BLED, HEMORR,HAGES and ATRIA)
were developed for patients with atrial fibrillation (11-13),
others (RIETE, EINSTEIN, Hokusai, ACCP models) were
specifically designed for VTE patients (14). Yet, no widely
accepted prediction rule for VTE exists. VTE patients are
usually younger than atrial fibrillation patients and have a
different comorbidity profile (cancers are more prevalent than
renal dysfunction), that could explain the limited usefulness of
hemorrhagic risk scores derived from atrial fibrillation patients
in the VTE settings. The RIETE score was designed to predict
the risk of major bleeding only during the first 90 days of
anticoagulation (15). The EINSTEIN model can be calculated
only using a spreadsheet, thus being difficult to implement in
current practice (16). The Hokusai score is validated only for
edoxaban-using patients and the predictive power decreases
after the first 3 months of treatment (17). The American
College of Chest Physicians (ACCP) recommendations consist
of a list of 18 variables identified from cohort studies (18), but
incorporate poorly defined factors such as comorbidity and
reduced functional capacity, and frequent falls.

Therefore, the VTE-BLEED risk score was developed at a
time when there was no widely accepted and used bleeding risk
scores for VTE patients, much less one directly focused on the

hemorrhagic risk during extended anticoagulation. Based on
the hypothesis that early bleeding events, included in previous
risk assessment models, were not relevant for the prediction
of bleeds during long-term and extended anticoagulant treat-
ment, the VTE-BLEED score authors tried to identify those
conditions that persist and influence the patient's hemorrhagic
risk in the above mentioned time frame.

There are many data suggesting that the bleeding risk is not
constant throughout the anticoagulant treatment period (16,19).
The highest occurrence of major bleeding is at the onset of
anticoagulation and may reflect the importance of the patient's
underlying diseases (20). Moreover, overlapping two types of
anticoagulants in the very early phase of the treatment, either
low-molecular-weight heparin (LMWH) or unfractionated
heparin (UFH) with a vitamin K antagonist (VKA), raises
the bleeding risk. In addition, due to the pharmacokinetic
and pharmacodynamic properties of warfarin, the initial
response to anticoagulant treatment may be variable and a
stable anticoagulation may be achieved after up to several
weeks (18,21). Thus, for multiple reasons, some related to the
patient's acute and chronic conditions and others related to the
anticoagulation treatment itself, the bleeding risk is the highest
in the first month after initiating anticoagulant treatment.
Therefore, in developing this score, patients were considered
on stable anticoagulation after the first 30 days of treatment
following acute VTE, this new approach being rationale and
fully justifiable.

3.Development and internal validation of the VTE-BLEED
risk score

VTE-BLEED is a clinical risk score and it was developed
based on a patient-level post hoc analysis of patients enrolled in
two randomized controlled trials (RCTs), the RE-COVER (8)
and RE-COVER 1II (9) trials. Only patients from dabigatran
arms were included in the derivation analysis, due to the early
stable effect of the drug in contrast to warfarin. All major and
non-major clinically relevant bleeding events occurring during
the 6 months of study were considered. Using logistic regres-
sion analysis, six variables were identified and included in the
VTE-BLEED risk score, and each predictor received points
according to the regression coefficients: active cancer (2p), male
patients with uncontrolled arterial hypertension (Ip), anemia
(1.5p), history of bleeding (1.5p), age =60 years (1.5p) and
renal dysfunction (1.5p) (22). The c-statistic for VTE-BLEED
risk score was 0.72 (95% CI, 0.67-0.76). The threshold was
set at 2 points, a value that optimally differentiates patients
with low (0-1.5 points) and high (=2 points) bleeding risk. The
risk of bleeding was 5 times higher in the high-risk category
compared to the low-risk category (OR=5.0; 95% CI, 3.5-7.1).

When applied to the warfarin group, the VTE-BLEED
indicated a significantly lower statistical efficacy (P<0.001)
compared to the dabigatran group, but still with a c-statistic
above 0.5 (0.59; 95% CI, 0.55-0.63) (22). When only major
bleedings in patients on stable anticoagulation (after the first
30 days of treatment) were considered, good VTE-BLEED
performance was noted, regardless of the anticoagulant
type. Applying the 2 point threshold to dabigatran- and
warfarin-treated patients, the risk of major bleeding was
6.5 times higher in the high-risk category compared to the
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low-risk category for both anticoagulants (OR=6.5; 95% ClI,
2.0-21 for the dabigatran group and OR=6.5; 95% CI, 2.8-15
for the warfarin group) (22). The score also showed reliable
performance when applied to dabigatran patients, regardless
of whether they had acute PE or DVT, with a c-statistics of
0.74 (95% C1, 0.67-0.80) and 0.71 (95% CI, 0.65-0.76), respec-
tively (22).

When VTE-BLEED, HAS-BLED, ATRIA and
HEMORR,HAGES scores were applied to the same dabigatran
patient population (22) to assess their performance for
predicting major bleeding events during stable anticoagulation,
the VTE-BLEED score best identified patients at risk of
bleeding (major and non-major clinically relevant bleeding)
when considering the complete study period.

The advantages of the score quickly became visible. The
VTE-BLEED score variables are clearly defined, easy to assess,
largely objective and fairly constant over time (23). ‘Male with
uncontrolled arterial hypertension’ is the only potentially
inconstant variable. As a result, the score is more consistent
and reliable than other bleeding risk scores that incorporates
poorly defined or time-varying predictors (18,24). Given that
some variables can be found both in anticoagulant-related
bleeding risk scores and VTE recurrence risk scores, it should
be acknowledged that the VTE-BLEED score is free from
this potential ambiguous effect as it does not include any
predictor to be found in the VTE recurrence risk estimation
scores (25,26). Moreover, the binary risk stratification in
high- and low-risk categories facilitates the therapeutic
decisions regarding the extent of anticoagulation by excluding
the ambiguity that usually exist in the management of patients
from the ‘intermediate risk’ category.

4. External validation of the VTE-BLEED risk score

The accuracy of the VTE-BLEED risk score to predict major
bleeding during stable anticoagulant treatment was inves-
tigated in patients from the Hokusai-VTE trial. This study
enrolled patients with acute VTE and was designed to assess
the efficacy and safety of edoxaban (60 mg once daily or 30 mg
once daily in selected patients) compared to standard treat-
ment which consisted of LMWH or UFH followed by warfarin
in dose adjusted according to International Normalized Ratio
(INR).

Applying the 2 point threshold, the risk of major bleeding
was constantly and significantly higher in the high-risk
category compared to the low-risk category, with OR=5.04
(95% CI, 2.62-9.69) in the warfarin-treated patients group,
with OR=3.09 (95% ClI, 1.54-6.22) in the edoxaban-treated
patient group and with OR=4.04 (95% CI, 2.51-6.48) in the all
study population (27). Patients with a total score of two points
or more had a 4-fold increased risk of developing a major
bleeding during stable anticoagulation compared to low-risk
patients.

The score showed moderate predictive power for major
bleeding in patients on stable anticoagulant treatment across
all groups, with a c-statistic of 0.63 (95% CI, 0.54-0.72)
for the edoxaban group, 0.69 (95% CI, 0.61-0.77) for the
warfarin group and 0.66 (95% CI, 0.61-0.72) for the all study
population (27). Even if the score performed slightly poorer
than in the derivation cohort, this should not be seen as a

cause for concern or doubt. Validation of the risk score in
its derivation cohort can be subjected to overestimation of
the predictive accuracy (28). Moreover, there were relatively
low number of major bleeding in both trials, and two of the
determinants of the bleeding risk, active malignancy and
history of bleeding, were more frequent in the RE-COVER
trials than in Hokusai-VTE, with the possibility of influencing
the final result.

Still, in all subgroup analyses (sex, age, patients with PE vs.
DVT, with vs. without cancer, with vs. without chronic kidney
disease, treatment length less than 180 days vs. 180 days or
longer), the VTE-BLEED score was consistently able to iden-
tify patients at a 2.5- to 11-fold higher risk of bleeding.

This validation study is important at least for three reasons.
First, the performance of the score was assessed in patients
who received anticoagulant treatment for more than 6 months,
due to the 12-month follow-up period of the Hokusai VTE trial.
Second, the direct anticoagulant used in Hokusai-VTE was
edoxaban, a factor Xa inhibitor, which allowed the evaluation
of the score performance in a population anticoagulated
differently than RE-COVER trial patients that received
dabigatran, a factor Ila inhibitor. Third, subgroup analyses
demonstrated the good predictive power of the score across all
relevant patient subcategories.

As in the derivation cohort, the Hokusay VTE trial excluded
patients with creatinine clearance <30 ml/min; therefore, data
regarding the performance of the score in this category of
patients were lacking.

5. VTE-BLEED risk score performance in identifying
patients at high risk of severe major bleedings

The most severe hemorrhagic events, intracranial (ICH) and
fatal bleedings, raise the highest concerns (29). Therefore,
the performance of the VTE-BLEED risk score to identify
patients at risk of developing these complications during stable
oral anticoagulation after a first episode of VTE was assessed
in patients enrolled in the RE-COVER and Hokusai-VTE
trials. In this large population, three outcomes were analyzed:
ICH, fatal bleeding and a composite outcome of ICH or fatal
bleeding. Although the incidence of those events was low in
all studies (8,9,30), the VTE-BLEED score showed a good
prediction ability. The ORs for ICH were 4.4 (95% CI, 0.74-26),
3.8 (95% CI, 1.5-10) and 4.0 (95% CI, 1.7-9.3) in RE-COVER,
Hokusai-VTE and all study population, respectively (31).
The OR for fatal bleeding were 4.4 (95% CI, 0.74-26), 6.7
(95% C1, 1.3-35) and 5.6 (95% ClI, 1.7-19) in the RE-COVER,
Hokusai-VTE and all study population, respectively (31). Finally,
the ORs for ICH or fatal bleeding were 4.9 (95% CI, 1.2-21),
4.6 (95% CI, 1.8-12) and 4.7 (95% CI, 2.2-10) in RE-COVER,
Hokusai-VTE and all study population, respectively (31). The
OR for all three outcomes ranged between 3.8 and 6.7 in the
RE-COVER and Hokusai-VTE trials, and between 4.0 and 5.6
in polled data, supporting the value of the score in identifying
patients at risk for the most severe major bleeding events (ICH
and fatal bleeding), which is more important than predicting
major bleeding in general. Bleeding risk assessment based on
hard clinical outcome (ICH and fatal bleeding) is crucial in
patients with a high risk for recurrent VTE in whom tailoring
the duration of anticoagulant treatment assumes continuing the
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anticoagulant therapy as long as the benefit in the prevention of
recurrent thrombosis outweighs the risk of bleeding events.

6. VTE-BLEED risk score performance in practice-based
conditions

Patients enrolled in RCTs are highly selected due to the
rigorous inclusion criteria; therefore, they usually have less
severe comorbidities and a lower risk of hemorrhage compared
to patients with VTE encountered in current practice. To
overcome this aspect, evaluation of the score performance in
‘real-world” cohorts is of high importance.

The VTE-BLEED risk score ability to identify patients with
high bleeding risk under stable anticoagulation was assessed in
patients from the prospective XALIA study. Patients with DVT
alone or with concomitant acute PE received either rivaroxaban
or conventional anticoagulant therapy (parenteral anticoagulants
followed by a VK A) and were followed up for at least 12 months.
In this population, the VTE-BLEED risk score was able to
differentiate patients with high-from those with low-risk of
major bleeding during stable anticoagulation, with an OR for
1-point score increase of 1.4 (95% CI, 1.2-1.7) in the overall
studied population, and without significant differences related
to sex, age or the type of anticoagulant used (32). The ORs for
1-point score increase were 1.5 (95% CI, 1.1-2.2) and 1.3 (95%
CI, 1.1-1.6) in the rivaroxaban and VKA arm, respectively (32).
Particular for cancer patients, increases in the score were less
predictive for major bleeding, with an OR of 1 (95% CI,0.61-1.7)
most likely because they were all from the beginning in a
‘high-risk’ category, as the diagnosis of active cancer is scored
with 2 points. When only major bleeding events occurring
after 90 days of anticoagulation were considered, the c-statistic
improved from 0.68 to 0.71 (32). The OR for 1-point score
remained 1.4 (95% CI, 1.1-1.7) in the overall studied population.
The c-statistic also improved from 0.64 to 0.71 in patients with
unprovoked VTE, a category of patients for whom accurate
prediction of major bleeding on long-term anticoagulation was
most relevant. As the score contains ‘active cancer’ as a major
predictor, the performance of the score could have been lower
in patients with unprovoked VTE, but the results proved the
opposite and strengthened the value of the score.

In a non-selected cohort of consecutive patients with
acute symptomatic VTE from the COMMAND VTE
(COntemporary ManageMent AND outcomes in patients with
Venous ThromboEmbolism) Registry, a large observational
real-world Japanese database, the cumulative 5-year incidence
of major bleeding in patients from the high-vs. low-risk
groups of VTE-BLEED risk score was compared. The
cumulative 5-year incidence of major bleeding during stable
anticoagulation with VKA or DOAC (apixaban, dabigatran,
edoxaban, rivaroxaban) was significantly statistically higher in
the high-risk group than in the low-risk group (13.2 vs. 5.4%,
P<0.001) (33). The VTE-BLEED risk score successfully
identified patients with high-risk of major bleeding during
chronic anticoagulant treatment and also those with high-risk
of ICH or fatal bleeding. The cumulative 5-year incidence of
ICH or fatal bleeding were 4.1% in high-risk patients and 1.4%
in low-risk patients (P=0.073) (33).

In an Italian prospective cohort of consecutive patients with
VTE receiving DOAC, the VTE-BLEED risk score accurately

identified the patients with increased bleeding risk. The
patients from the high-risk category had a significantly higher
risk of major bleedings compared to the patients from the
low-risk category (HR 16.11; 95% CI, 2.18-119.09; P=0.006).
It should be noted that 15.9% of patients had active cancer
and 14.4% had creatinine clearance <50 ml/min. Despite the
wide confidence interval and the modest c-statistics of 0.674
(95% CI, 0.593-0.755) for the entire 12-month study period,
the score still has an acceptable discrimination power (34).
The highest differences in the occurrence of major bleeding
between high- and low-risk categories were recorded in patients
with DVT only (3.6 vs. 0.5%; HR 8.71; 95% CI, 1.12-67.45)
and in those with unprovoked VTE (3.6 vs. 0.4%; HR 9.86;
95% CI, 1.28-75.80). Similarly to previous results (23), no
significant increase in bleeding events was observed in cancer
patients compared to those without cancer (HR 1.93; 95% ClI,
0.72-5.17, P=0.191).

The VTE-BLEED risk score ability to predict the bleeding
risk in high-compared to low-risk category was recently
assessed in patients with VTE from the RIETE Registry (35).
The low discriminative power of the score (c-statistic of 0.56)
could be the result of the small number of patients with major
bleeding events in the studied population (8 patients in the
low-risk category and 6 patients in the high-risk category). In
support of this hypothesis is the equally low performance of
the RIETE and HAS-BLED risk scores when applied to the
same population.

VKA and DOAC are different in terms of pharmacokinetic
and pharmacodynamic properties. This fact influences their
safety profile (the general hemorrhagic risk and the prevalent
bleeding site) and could also change the importance of some
predictors within the bleeding risk scores. For instance, labile
INR has impact only on VKA-treated patients (36), while in
patients receiving DOAC the status of renal function is of great
importance (37). Therefore, some predictors could weigh more
and significantly influence the bleeding risk. Nevertheless the
VTE-BLEED risk score showed good ability to differentiate
patients with high-vs. low-risk of bleeding irrespective of oral
anticoagulant type, VKA or DOAC.

In patients with a VTE-BLEED risk score =2 points,
the duration of anticoagulant treatment is expected to be
shorter compared to patients at low-risk. If patients at high
risk of bleeding would have an increased rate of recurrent
thromboembolic events due to withdrawal of anticoagulation,
the utility of the VTE-BLEED risk score would be
questionable. This aspect has a vital importance in patients
requiring indefinite anticoagulation and having a high-risk
of bleeding. For this reason, the incidence of recurrent VTE
after discontinuation of anticoagulation was assessed post hoc
in the PADIS-PE study population (23). Patients with a first
unprovoked PE were enrolled and received 6 or 24 months
of VKA treatment. Active cancer was an exclusion criterion
of this trial. During a 24-month follow-up period after
cessation of anticoagulation, the cumulative incidence of
recurrent VTE was 16% (95% CI, 10.0-26.1) in the high-risk
VTE-BLEED group and 15% (95% CI, 10.4-20.3) in the
low-risk VTE-BLEED group (23). This finding indicated that
patients with a VTE-BLEED risk score =2 points did not have
a higher risk of developing recurrent VTE than patients with
a VTE-BLEED score <2 points (adjusted HR 1.16; 95% CI,
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0.62-2.19), that supports the utility of this score in appreciating
the duration of anticoagulant treatment according to the
individual bleeding risk in patients without cancer. Further
evidence is needed for cancer patients.

7. VTE-BLEED risk score performance in predicting
in-hospital major bleedings

Although designed and validated to identify patients with
high hemorrhagic risk during stable oral anticoagulation, the
VTE-BLEED risk score performed better than HAS-BLED
in identifying patients with a high risk of major bleeding
during in-hospital anticoagulation for a first acute PE. Both
scores were applied on patients from the real-world cohort
of PERGO (Pulmonary Embolism Registry of Goettingen).
While HAS-BLED risk score =2 points was not able to predict
major bleeding (OR, 1.1; 95% CI, 0.4-2.9),a VTE-BLEED risk
score of =2 points was a good predictor of in-hospital major
bleeding events with OR 3.7 (95% CI, 1.1-13.0) (20).

The ability of four bleeding risk scores (HAS-BLED,
HEMORR,HAGES, RIETE and VTE-BLEED) to predict
major and clinically relevant non-major bleeding events during
in-hospital anticoagulation for acute VTE were assessed in
the PE-aWARE registry, a real-world cohort of unselected
patients. The VTE-BLEED, RIETE and HEMORR,HAGES
risk scores had similar predictive power, with a c-statistic of
0.75 (95% CI, 0.70-0.80), 0.77 (95% CI, 0.72-0.81) and 0.76
(95% CI, 0.70-0.80), respectively. All performed better than
the HAS-BLED risk score, which had a c-statistic of 0.51
(95% CI, 0.46-0.57) (38). The different performance was
probably due to the fact that the variable ‘cancer’ is not part
of the HAS-BLED risk score as in the other three scores.
Combining the score with the values of D-Dimer measured
at admission, as an expression of clot burden and severity of
the coagulation system alterations, the prediction ability of
RIETE, HEMORR,HAGES and HAS-BLED risk scores was
improved, but not that of the VTE-BLEED risk score, probably
due to the fact that the VTE-BLEED risk score was designed
and validated for assessing bleeding risk beyond 30 days from
the acute VTE.

8. Conclusions

Treatment duration needs to be appreciated on an individual
basis in patients requiring extended anticoagulation. Therefore
identifying high-risk bleeding patients is mandatory and
demands reliable tools. The VTE-BLEED risk score was
created with the purpose of enabling a better stratification
of the bleeding risk during stable anticoagulation after a first
VTE.

It uses six simple and objective clinical variables, easy to
assess. None of its predictors are part of the VTE recurrence
risk estimation scores; therefore, the VTE-BLEED risk score
is free from this potential ambiguous effect. The binary risk
stratification in high- and low-risk categories excludes the
ambiguity surrounding the management of patients from
the ‘intermediate risk’ category, thus helping the therapeutic
decision.

It is the most validated bleeding risk score in VTE patients.
It was derived and initially validated in the setting of RCTs,

and then it was externally validated in another RCT, in a
selected cohort and in non-selective cohorts. It has the ability
to identify patients at high risk of major bleeding during
stable anticoagulant treatment, regardless if they have PE or
DVT, and for any of the currently available classes of oral
anticoagulants. The score can reliable identify patients at risk
of ICH and fatal bleeding events, which is more important
than just predicting major bleeding in general.

The score limitation should also be acknowledged.
The score has not been studied in patients with recurrent
thromboembolism, which is why the performance of the score
in this category of patients is not known. Although the score
contains the ‘active cancer’ parameter, there is no stratification
of the risk according to the type of neoplasia in order to
increase the accuracy of the score in the neoplastic population.

Although there is still a lot to be known in determining the risk
of major bleeding during long-term and extended anticoagulant
therapy, the VTE-BLEED risk score has accumulated over time
an extensive body of evidence to support its clinical utility.
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