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Abstract The performance of validated bleeding risk scores in patients with venous thromboembo-
lism (VTE) could be different depending on the time after index event or the site of
bleeding. In this study we compared the “classic” Registro Informatizado de Enfermedad
TromboEmbólica (RIETE) score and the more recently developed VTE-BLEED score for the
prediction of major bleeding in patients under anticoagulant therapy in different time
intervals afterVTEdiagnosis.Outof 82,239patientswith acuteVTE, theproportionofhigh-
risk patients according to the RIETE and VTE-BLEED scores was 7.1 and 62.3%, respectively.
The performance of both scores across the different study periods (first 30 days after VTE
diagnosis, days 31–90, days 91–180, and days 181–360) was similar, with areas under the
receiving operating characteristics (ROC) curve (AUC) ranging between 0.69 and 0.72.
However, the positive predictive values were low, ranging between 0.6 and 3.9 (better for
early major bleeding than for later periods). A sensitivity analysis limited to patients with
unprovoked VTE showed comparable results. Both scores showed a trend toward a better

� A full list of the RIETE investigators is given in the appendix.
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Introduction

Anticoagulant therapy is themainstreamof themanagement
of venous thromboembolism (VTE).1 Currently, several
options are available: (1) initial parenteral therapy with
unfractionated heparin, low-molecular weight heparin
(LMWH), or fondaparinux followed by long-term oral
vitamin K antagonists (VKAs); (2) LMWH for initial and
long-term therapy (mostly used in cancer patients); and
(3) direct oral anticoagulants (DOACs) alone or after an initial
heparin lead-in period, depending on the drug.2 Usually, the
ideal length of treatment ranges between 3 months to
indefinite depending on the estimated risk of recurrent
VTE in case of discontinuing anticoagulation and the risk
of bleeding associated with its maintenance.3 Indeed, bleed-
ing is the most common and severe adverse event related to
anticoagulant drugs. Therefore, identification of patients at
increased risk for bleeding is critical for decision-making.

In the latest years, different attempts todevelopandvalidate
a prognostic score to identify VTE patients at increased risk for
bleeding have been performed, but their predictive values and
accuracy aremodest.4–6 Recently, a new score to predict major
bleeding in stable anticoagulated (i.e., after the first 30 days)
patients with VTE, named VTE-BLEED score (►Table 1), was
validatedafter apost-hoc analysis ofdata fromtwo randomized
clinical trials and a prospective cohort study comparing DOACs
versus VKAs for the long-term treatment of VTE.7–9 The long-
termpredictive abilityof the scorehas alsobeenconfirmed ina
retrospective study including consecutive patients with VTE,
despite marked differences in the proportion of high-risk
patients, 26 to 37% in the former studies versus 68% in the
latter retrospective real-world registry.10

The Registro Informatizado de Enfermedad TromboEmból-
ica (RIETE) is a multicenter, ongoing, international registry of
consecutivepatientswithobjectivelyconfirmed, symptomatic
acute VTE (ClinicalTrials.gov identifier: NCT02832245). Since
its inception in 2001, the aim of RIETE is to record data
including the clinical characteristics, treatment, and outcomes
in patients diagnosed with VTE.11–13 In the current study, we
aimed to compare the predictive ability of the novel VTE-
BLEED score with that of the previously developed RIETE
score14 (►Table 1) focusing on different time intervals after
the index VTE event, also taking into account other relevant
variables such as the site of the hemorrhage.

Methods

Patient Sample
The studypopulation comprised consecutivepatients enrolled
intheRIETEregistrybetweenMarch2001andDecember2019.

The rationale and methodology have been already reported
elsewhere.11–13 Patients participating in a randomized trial
with a blind medication were excluded. All suspected VTE
eventswere objectively confirmed by compression ultrasound
or contrast venography for deep vein thrombosis; helical
computed tomography, or ventilation/perfusion scan or
angiography for pulmonary embolism (PE). All patients or
their family members provided written or oral consent
for participation in the registry, in accordance with Local
Ethics Committee’s policies.

Study Variables
The following parameters are recorded in the RIETE Registry:
patients’ demographics, comorbidities, risk factors for VTE,
baseline laboratory data, and treatment received. In this study
both, the RIETE bleeding score and the VTE-BLEED score for

prediction of extracranial than intracranial major bleeding, the RIETE score resulting more
useful for early extracranial bleeding and the VTE-BLEED for late intracranial hemorrhages.
Our study reveals that the usefulness of available bleeding scores may vary depending on
the characteristics of the patient population and the time frameevaluated. Dynamic scores
could be more useful for this purpose.

Table 1 VTE-BLEED and RIETE scores

VTE-BLEED Score

Active cancer 2

Male with uncontrolled arterial hypertension 1

Anemiaa 1.5

History of bleeding 1.5

Age �60 y 1.5

Renal dysfunction (eGFR <60mL/min) 1.5

Risk categories

• Low risk <2 points

• High risk �2 points

RIETE Score

Recent major bleeding 2

Creatinine >1.2mg/dL 1.5

Anemiaa 1.5

Cancer 1

Clinically overt PE 1

Age >75 y 1

Risk categories

• Low risk 0 points

• Intermediate risk 1–4 points

• High risk >4 points

Abbreviations: eGFR, Estimated glomerular filtration rate; PE, pulmo-
nary embolism; RIETE, Registro Informatizado de Enfermedad Trom-
boEmbólica; VTE, venous thromboembolism.
aAnemia is defined as <13 g/dL in men and <12 g/dL in women.
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each patient were calculated. We defined active cancer when
the diagnosis of a malignancy wasmade in 3months previous
to the VTE event, and in those patients, who presented with
metastatic disease, or were receiving active therapy (chemo-
therapy, radiotherapy, hormonal therapy or palliative) at the
time of VTE diagnosis. Skin malignancies were excluded.
Uncontrolled hypertension was defined as values of systolic
blood pressure levels >140mm Hg at baseline.

Outcomes
Our primary outcomewas the risk for major bleeding, defined
as any bleeding that was overt and required transfusion of two
units or more of blood, or was retroperitoneal, spinal, or
intracranial, or was fatal.15We compared the ability to predict
major bleeding from both scores in patients receiving antico-
agulant therapy at four different time periods:first 30 days, 31
to 90 days, 91 to 180 days, and 181 to 360 days.

Statistical Analysis
The proportion of patients classified as low, intermediate, or
high risk for bleeding is described. A comparison between the
proportion of high-risk patients according to both scores was
performed using the Fischer’s exact test. The sensitivity,
specificity, positive and negative predictive values, and likeli-
hood ratios of both scores were estimated for the different
time intervals. We evaluated the discriminative power of each
score to predict major bleeding by calculating the area under
the receiver operating characteristics (ROC) curve (AUC).
Comparisons of the AUC derived from the same dataset
were performed using the Hanley and McNeil method.16

Sensitivity assessments in patients with unprovoked VTE,
and according to the site of the bleeding (intracranial vs.
extracranial) were performed. All calculations were done
using IBM SPSS Statistics (version 20).

Results

A total of 82,239 patients receiving anticoagulant therapy for
acute VTE were included. Of these, 1,187 patients (1.4%)
suffered a major bleeding event in the first 30 days after VTE
diagnosis. Among patients who continued anticoagulant
therapy 1 month after VTE diagnosis, 385 out 73,132 (0.5%)
suffered a major bleeding event between days 31 and 90 after
index VTE. The proportion of anticoagulated patients who
developed a major bleeding between days 91 to 80 and
days 181 to 360 was 243 out of 63,083 (0.4%) and 164 out of
35,685 patients (0.5%), respectively. The clinical characteristics
of patients with major bleeding across the different study
periods are depicted in ►Table 2.

First 30 Days after VTE Diagnosis
The most frequent sites of the 1,187 major bleeds were
gastrointestinal (31.9%), soft tissues (27.8%), and intracranial
(11.3%). According to the RIETE score, 14,713 patients (17.9%)
had a low risk for bleeding, 61,651 (75.0%) had intermediate
risk, and 5,875 (7.1%) had high risk. Using the VTE-BLEED
score, 30,974 patients (37.7%) were classified as low risk and
51,265 (62.3%) as high risk (►Table 3).

Thepositivepredictivevalues (PPVs)were3.9% for thehigh-
risk groupof theRIETE score and2.0% for theVTE-BLEEDscore,
while the negative predictive values (NPVs) were 98.7 and
99.5%, respectively (►Table 3). The AUCs were 0.71 (95%
confidence interval [CI] 0.70–0.73) and 0.69 (95% CI,
0.67–0.70), respectively (p<0.001) (►Fig. 1). Interestingly,
differences in the AUC were mainly due to the superiority of
the RIETE score for extracranial bleeding, while the perfor-
mance on both scores was similar for intracranial bleeding
(►Supplementary Fig. S1).

Day 31 to Day 90 after VTE Diagnosis
During this study period, there were 385 major bleeding
events. Again, gastrointestinal was the most frequent site
(153 events; 39.7%) followed by intracranial bleeding (85;
22.1%). According to the RIETE score, 14,030 patients (19.2%)
were classified as low risk for bleeding, 54,610 (74.7%) as
intermediate risk, and 4,492 (6.1%) as high risk. Using the
VTE-BLEED score, 28,697 patients (39.2%) were classified as
low risk and 44,435 (60.8%) as high risk (►Table 3).

ThePPVsof thehigh-risk stratawere1.3% for theRIETE score
and 0.8% for the VTE-BLEED score, while the NPVs were 99.5
and 99.8%, respectively. The AUCs were almost identical: 0.70;
(95% CI, 0.68–0.72) and 0.70 (95% CI, 0.68–0.73), respectively
(►Fig. 1).

Similar results were obtained in a sensitivity analysis
limited to patients with unprovoked VTE (N¼49,659)
(►Supplementary Table S1 and ►Supplementary Fig. S2).
In this period both scores showed higher AUC for extracranial
than for intracranial bleeding, without significant differ-
ences between them (►Supplementary Fig. S3).

Day 91 to Day 180 after VTE Diagnosis
During this time interval, 243 major bleeding events were
recorded. Again, gastrointestinal was the most frequent site
(91 events; 37.4%) followed by intracranial (72 events; 29.6%).
According to the RIETE score, 12,653 patients (20.1%) were
classified as low risk for bleeding, 46,941 (74.4%) as interme-
diate risk, and 3,489 (5.5%) as high risk. Using the VTE-BLEED
score, 25,743 patients (40.8%) were classified as low risk and
37,340 (59.2%) as high risk. The distribution of bleeding events
across the different risk categories of each score and their
performance is shown in ►Table 3.

ThePPVswere2.3% for theRIETEscoreand1.3% for theVTE-
BLEED score,while theNPVswere99.7 and99.9%, respectively.
The AUCswere similar: 0.69 (95% CI, 0.67–0.73) and 0.70 (95%
CI, 0.67–0.73), respectively (►Fig. 1).

In a sensitivity analysis limited to patients with unpro-
voked VTE (N¼44,375), similar findings were observed
(►Supplementary Table S2 and ►Supplementary Fig. S4).
Again, in this period both scores showed a trend
toward higher AUC for extracranial than for intracranial
bleeding, without significant differences between them
(►Supplementary Fig. S5).

Day 181 to Day 360 after VTE Diagnosis
Of the 164 major bleeding events recorded in this time
interval, 69 (42.1%) were gastrointestinal, and 44 (26.8%)
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intracranial. According to the RIETE score, 7,041 patients
(19.7%) were at low risk for bleeding, 26,839 (75.2%) at
intermediate risk, and 1,805 (5.1%) at high risk. Using the
VTE-BLEED score, 15,224 patients (42.7%) were classified as
low risk and 20,461 (57.3%) as high risk (►Table 3).

ThePPVswere1.7% for theRIETEscoreand0.6% for theVTE-
BLEED score,while theNPVswere99.6 and99.8%, respectively.
The AUCs were 0.72; (95% CI, 0.68–0.76) and 0.71 (95% CI,
0.67–0.75), respectively (►Fig. 1). Again, similar results were
obtained in a sensitivity analysis limited to patients with
unprovoked VTE (N¼26,312) (►Supplementary Table S3

and ►Supplementary Fig. S6).
In this time interval the RIETE score showed a better AUC

for extracranial bleeding than for intracranial bleeding,
while the opposite trend was observed for the VTE-BLEED
score. A trend toward a better performance of the RIETE score
for extracranial bleeding and of the VTE-BLEED score for
intracranial bleeding was noted (►Supplementary Fig. S7).

Discussion

Although the RIETE and the VTE-BLEED scores share several
common variables, we appreciate some differences in their
performance. The RIETE score performed slightly better than
the VTE-BLEED score for the evaluation of the risk within the
firstmonthof therapy. Thiswasnot unexpected since theVTE-
BLEED score was derived to assess the risk for bleeding in
patients under stable anticoagulation, at least 1 month after
the index VTE event.7,8,17 The possibility of presentation as PE
(variable included in theRIETE score but not in the VTE-BLEED
score) being a marker of early major bleeding cannot be
discarded. However, a difference of 0.02 in the AUC may not
be clinically relevant. Regarding later time intervals, despite
the RIETE score was initially validated for the prediction of
bleeding in the first 3 months, both scores performed rather

similar, even in patients with unprovoked VTE. Indeed, this
subgroupof patients is particularly relevant in clinical practice
since most guidelines recommend the use of indefinite anti-
coagulation if the risk of bleeding is not high.1,3

Accurate tools for the evaluation of thebleeding risk during
the course of anticoagulant therapy for VTE are needed. In the
short-term, high-risk patients could benefit from a narrower
surveillance and selection of drugs with a better safety
profile.18 In the long-term, the risk assessment should be
considered to decide the duration of anticoagulant therapy.19

Our study suggests that the usefulness of available bleeding
scores may vary depending on the characteristics of the
patient population and the time frame evaluated. In this
real-world population we confirm that the proportion of
patients with VTE classified at high-risk using the VTE-BLEED
score is much higher than that initially found in the random-
ized clinical trials that led to derivation and validation of the
score (62% in our series vs. 25–35%).10 According to the RIETE
score, 75% of the patients were allocated to the intermediate
risk category and 7% to the high-risk stratum.

Another interesting finding of the present study is that the
predictive ability of the two scores may also vary according to
the site of bleeding. Both, the RIETE and VTE-BLEED scores
showed higher AUC for extracranial than for intracranial
hemorrhages (ICHs)during thefirst 6months.On thecontrary,
for later bleeding events, the AUC of the VTE-BLEED score was
better for ICH than for extracranial bleeding. In fact, the better
performance of the RIETE score for early bleeding was associ-
ated mainly with extracranial bleedings, while late (beyond
thefirst 6months) ICHwasbetter predicted by theVTE-BLEED
score. A possible explanation is that the variable uncontrolled
hypertension is not included in the RIETE score. On the other
hand, extracranial hemorrhages occur more often in the first
days after VTEdiagnosis comparedwith ICH.20 In a recent sub-
analysis of the Hokusai-VTE and Recover trials, the pooled

Fig. 1 Receiver operating characteristic (ROC) curve for major bleeding in patients treated with anticoagulants.
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odds ratio of the VTE-BLEED score for predicting ICH or fatal
bleeding was 4.7 (95% CI 2.2–10), although the incidence of
the outcome was low.21 Similarly, in our series, the OR of the
VTE-BLEED score for ICH between day 31 and day 180 was 4.2
(data not shown).

It could be argued that the performance of the RIETE score
might have been overestimated, due to the inclusion of
the population from which it was developed. However, the
current study includes more than 82,000 patients while the
original report included 19,000 patients and was limited to
the first 3 months after index VTE. Similar results were
observed if the analysis was limited to patients registered
in RIETE after 2010 (data not shown). The higher number of
patients and events in the current study is a strength to take
into account regarding other previous studies that
have compared bleeding scores in VTE patients, in which
the c-statistic of the RIETE score was more modest.6,22 In
another recent prospective study, the AUC of the RIETE and
VTE-BLEED scores for the detection of in-hospital bleeding in
patients with acute PE were also high: 0.77 and 0.75,
respectively. The addition of D-dimer values could help to
improve their performance.23

Despite the results highlighted by this study, both scores
have a suboptimal predictive ability, particularly their PPV is
poor. Their usefulness should be tested in appropriately
designed clinical trials, for example as decision tools for
prolongation or withdrawal of anticoagulant therapy in
patients with unprovoked VTE after completion of 3 to
6 months of treatment. Our results open the debate about
the need of different scores depending on the time frame
evaluated, what would imply a more complex scenario.

Several limitations of the study are acknowledged. First,
the use of a single baseline evaluation for the assessment of
delayed bleeding risk is controversial. Probably, for decisions
on extension of anticoagulant therapy periodical evaluations
are required. Dynamic scores, not available yet, could be
more useful for this purpose. Second, most patients in our
registry received long-term therapy with VKAs. We lack
reliable data about the quality of INR monitoring. This data
could be particularly valuable for the evaluation of early
bleeding, sometimes relatedwith the transition from LMWH
to VKAs. In addition, the HAS-BLED and Seiler’s scores could
not be included in the evaluation, since we lacked informa-
tion for the item “labile INR”24,25. Finally, the number of
patients receiving treatment with DOACs is very low. A
different behavior of a score in a population of patients
uniformly treated with these drugs cannot be ruled out.

In conclusion, the RIETE and the VTE-BLEED score per-
formed similarly for the prediction of early and late bleeds,
with small differences depending on the time since VTE
diagnosis and the site of hemorrhage.
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