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ABSTRACT

Background: Several models have been developed to assess bleeding risk in patients with venous thromboembolism, such as
HAS-BLED, but their external validity has not been adequately assessed. Objective: The objective of the study was to evaluate
the discriminative ability and calibration of the HAS-BLED scale for predicting 1-month bleeding risk in patient’s anticoagulated
for venous thromboembolism. Materials and Methods: External validation study of a prediction model based on a retrospective
cohort of patients with venous thromboembolism treated between November 2019 and January 2022. Calibration of the
HAS-BLED scale was evaluated using the Hosmer—Lemeshow test and the ratio of observed to expect events within each risk
category. Discriminatory ability was assessed using the area under the curve (AUC) of a receiver operating characteristic curve.
Results: We included 735 patients (median age 64 years, female sex 55.2%), pulmonary embolism was diagnosed in most
patients (60.7%), and 4.9% presented bleeding events. Regarding calibration, the HAS-BLED scale systematically underestimates
the risk both in the general population (ROE 3.76, p < 0.001) and in cancer patients (ROE 4.16). The Hosmer—Lemeshow test
rejected the hypothesis of adequate calibration (p < 0.001). Discriminatory ability was limited both in the general population
(AUC = 0.57, 95% confidence interval [Cl]: 0.48-0.66) and in the subgroup with active cancer (AUC = 0.53, 95% Cl: 0.36-0.69).
Conclusion: The HAS-BLED scale in patients with venous thromboembolism underestimates the risk of bleeding at 1 month and
has a low ability to discriminate high-risk patients. Cautious interpretation of the scale is recommended until additional evidence
is available. (REV INVEST CLIN. 2024;76(4):199-204)
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INTRODUCTION

Venous thromboembolic disease (VTE) represents
a significant cause of morbidity and mortality,
ranking as the third leading cause of vascular dis-
ease globally and the primary cause of preventable
death in hospitals!. The annual incidence of deep
vein thrombosis (DVT) is estimated to be up to
162/100,000 population, while that of pulmonary
embolism (PE) is estimatedtobeupto 115/100,000
population?.

The primary treatment for VTE is anticoagulation,
which aims to prevent recurrence, embolization, and
mortality. The risk of these complications is particu-
larly elevated during the first 3-6 months following
diagnosis3->. Nevertheless, anticoagulant treatment
confers an important bleeding risk of up to 3% per
year with warfarin, which is lower with direct-acting
oral anticoagulants (DOAC)%’. The 1%t month of
treatment is associated with the highest risk of
bleeding?.

Given the importance of determining the bleeding risk
of each patient to individualize treatment, various
prediction models have been developed. One such
model is the HAS-BLED scale, which was initially de-
veloped to assess bleeding risk in patients with atrial
fibrillation®. This scale has recently been employed to
assess the risk of bleeding in patients with VTE, dem-
onstrating satisfactory predictive validity, provided
that the presence of cancer is considered as an ad-
ditional independent bleeding risk factor!®. To date,
the external validity of this scale has not been evalu-
ated in other populations with VTE. This is particu-
larly important given that patients treated with DOAC
have been poorly represented in the studies per-
formed to date.

The objective of this study is to validate the HAS-
BLED scale for estimating 30-day bleeding risk in pa-
tients with VTE receiving anticoagulant treatment.
This will include evaluating the scale’s ability to dis-
criminate between high- and low-risk patients and
assessing the relationship between observed and pre-
dicted events in a cohort of patients managed in a
referral hospital in Colombia.
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MATERIALS AND METHODS
Study design and participants

This study is an external validation of a prognostic
model based on a retrospective cohort. Patients en-
rolled in the institutional Anticoagulation Registry of
Hospital Universitario San Ignacio were included in the
study. Inclusion criteria were patients over 18 years
of age, treated at Hospital Universitario San Ignacio
in Bogota, Colombia, between November 5, 2019, and
January 27, 2022, with an indication for anticoagula-
tion due to acute PE and/or DVT, using anticoagulation
with warfarin, DOAC or low-molecular-weight heparin
(LMWH), and with at least 1 month of follow-up.
Patients who did not give verbal consent to partici-
pate by telephone, those who discontinued antico-
agulation for medical reasons, and those who died
before hospital discharge were excluded from the
study. The Institutional Research Ethics Committee
approved the study (approval number FM-CIE-0171-22).
Study data were collected and managed using RED-
Cap electronic data capture tools hosted at Hospital
Universitario San Ignaciot12.

Sociodemographic data, comorbidities, diagnostic test
reports, anticoagulation use, and pharmacologic choice
were collected from the institutional anticoagulation
registry, where information is systematically collected
at the point of care using standardized instruments,
and then periodic audits of the data collection process
are performed to identify areas for improvement and
ensure data quality. When missing information was
identified, it was supplemented by a retrospective re-
view of institutional electronic medical records. Bleed-
ing outcomes were assessed by telephone follow-up
1 month after hospital discharge. Missing information
on patients lost to follow-up was obtained by review-
ing the institutional electronic medical record.

The HAS-BLED scale, which has been validated in
VTEO, was used to estimate bleeding risk. The data
required to calculate the scale (age, uncontrolled ar-
terial hypertension, renal disease, liver disease, previ-
ous cerebrovascular event, previous major bleeding,
alcohol consumption, labile INR, or use of medications
predisposing to bleeding) corresponded to the time
of diagnosis of VTE. Major bleeding was defined as
bleeding requiring hospitalization, hemoglobin drop
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> 2 g/dL, transfusion requirement = 2 units of red
blood cells, critical site bleeding (intracranial, intraspi-
nal, intraocular, retroperitoneal, intraarticular, pericar-
dial, or intramuscular with compartment syndrome),
or fatal bleeding according to the International Soci-
ety on Thrombosis and Hemostasis guidelines!3. Non-
major bleeding was defined as any bleeding that did
not meet the previously described criteria.

Statistical analysis

Absolute and relative frequencies were used to de-
scribe qualitative variables. Measures of central ten-
dency and dispersion were calculated for quantitative
variables, mean and standard deviation for variables
with normal distribution, and median with interquar-
tile range for variables with non-normal distribution.
The Shapiro—Wilk test was used to assess the nor-
mality assumption.

The HAS-BLED scale was then validated by assessing
its calibration and discriminative ability. Calibration
was assessed by comparing the number of bleeding
events observed at 1-month follow-up with the num-
ber of events predicted by each score. The expected
proportions of bleeding events were obtained from
the original study by Brown in the derivation sample
for each HAS-BLED scorel0. Expected events were cal-
culated by multiplying the expected proportions by
the number of patients in each class. The hypothesis
of adequate calibration was evaluated using the Hos-
mer—Lemeshow statistical test!4. Discriminatory abil-
ity (ability of the prognostic model to discriminate
between patients with different outcomes) was as-
sessed with a receiver operating characteristic curve,
considering an adequate area under the curve (AUC)
> 0.7. Results were reported according to the recom-
mendations of the PROBAST tool!>.

Statistical analysis was performed using STATA (Sta-
ta Statistical Software: Release 16. College Station,
TX: StataCorp LLC).

RESULTS

Table 1 summarizes the demographic and clinical
characteristics of the 735 patients included in the
analysis. The median age was 64 years, with a higher
prevalence female sex (55.2%). The main diagnosis

201

Table 1. Sociodemographic characteristics of patients
with VTE

Variable n =735 (%)
Female sex, n (%) 406 (55.2)
Age in years, median (IQR) 64 (51-74)
Indication for anticoagulation n (%)

DVT 374 (50.9)

PE 446 (60.7)
GFR mL/min n (%)

<30 16 (2.3)

30-60 65 (9.3)
Diabetes mellitus n (%) 97 (13.2)
Uncontrolled hypertension n (%) 43 (5.9)
Liver disease n (%) 11 (1.5)
Kidney disease * n (%) 15 (2.0)
Previous stroke n (%) 26 (3.5)
Previous major bleeding n (%) 29 (4.0)
Alcohol consumption n (%) 7 (1.0)
Medications, n (%)

ASA 97 (13.2)

P2Y12 inhibitors 8 (1.1)

NSAID 27 (3.7)
Active cancer n (%) 206 (28.0)
Previous VTE n (%) 6 (0.82)
Mortality n (%) 44 (6.0)

*Defined as creatinine > 2.26 mg/dL, renal replacement therapy,
or renal transplantation according to HAS-BLED scale.

IQR: interquartile range; DVT: deep vein thrombosis; PE: pulmonary
embolism; GFR: glomerular filtration rate; ASA: acetylsalicylic acid;
NSAID: non-steroidal anti-inflammatory drug; VTE: venous
thromboembolic disease.

was PE (60.7%), 85 patients (11.6%) had concomitant
DVT and PE, and most cases of DVT were distal (74.3%).
Active cancer was the most common comorbidity
(28%). DOAC was the most commonly prescribed
anticoagulants (54.1%), followed by LMWH (38%)
and warfarin (7.6%). We identified 3.5% of patients
at high risk for major bleeding (HAS-BLED = 3).

In terms of outcomes of interest, there were 36 events
classified as “any bleeding” (4.8%). Of these, 47.2%
corresponded to major bleeding with the most com-
mon site being gastrointestinal (41.7%). Table 2 shows
the calibration of the model for predicting total bleed-
ing. Evaluation of the calibration of the HAS-BLED scale
showed that the observed bleeding events were higher
than expected with a ratio of observed to expected
events was 3.76, suggesting that the scale underesti-
mates the risk (p < 0.01). This result holds for each of
the scores. The Hosmer—Lemeshow statistic suggests
that the model is not calibrated (HL = 0.87 p = 0.64).



REV INVEST CLIN. 2024;76(4):199-204

Table 2. Calibration of HAS-BLED prognostic model as predictor of 30-day total bleeding in patients with venous thromboem-

bolic disease
Score n % total Expected Observed Expected Proportion O/E ratio
events events ratio observed
0 310 42.2 3.7 11 1.2 3.55 2.95
1 280 38.1 3.9 15 1.4 5.36 3.82
2 119 16.2 1.7 9 1.5 7.56 5.04
3 25 3.4 0.3 1 1.5 4 2.66
4 1 0.1 0.025 0 2.5 0 NE
Total 735 100 9.62 36 1.3 4.89 3.76

Hosmer—Lemeshow test = 0.87; p = 0.64. NE: not evaluable. Expected proportion of bleeding was obtained from the original study by Brown1©.
Expected events were calculated by multiplying the expected proportions by the number of patients in each class.

Table 3. Calibration of HAS-BLED prognostic model as predictor of 30-day total bleeding in patients with venous thromboem-

bolic disease in cancer patients

Score n % total Expected Observed Expected Proportion O/E ratio
events events ratio observed
0 73 35.4 0.88 5 2.5 6.85 2.74
1 96 46.6 1.82 5 1.9 5.25 2.76
2 31 15.1 0.58 4 1.9 129 6.78
3 6 2.9 0.08 0 1.4 0 NE
4 0 0 0 0 2.9 0 NE
Total 206 100 3.36 14 1.6 6.7 4.18

Hosmer—Lemeshow test = 0.03 p = 1. NE: not evaluable. Expected proportion of bleeding in cancer patients was obtained from the original
study by Brown'°. Expected events were calculated by multiplying the expected proportions by the number of patients in each class.

In cancer patients, the proportion of patients with
“any bleeding event” was 6.8%, of which 64.2% were
major bleeding events. Again, the scale overestimated
the risk in this population (ratio of observed/expected
events: 4.18), demonstrating that the model is not
calibrated (Hosmer-Lemeshow = 0.03, p = 1) (Table 3).

Figure 1. Discriminatory capacity of the HAS-BLED as predic-
tor of total bleeding at 30 days in patients with venous
thromboembolic disease.
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The discriminatory ability of the scale was low, with
an AUC of 0.57 (confidence interval [CI] 0.48-0.66)
in the general population and even lower in the cancer
subgroup (AUC 0.53; 95% Cl 0.36-0.69) (Fig. 1).

DISCUSSION

The aim of our study was to evaluate the predictive
ability of the HAS-BLED scale for major bleeding after
1 month of anticoagulation therapy in patients with
VTE. Our results suggest that the risk of bleeding is
underestimated and that the model has a poor ability
to discriminate high-risk patients.

Several validations have been performed in patients
with atrial fibrillation. Among them, a study by Pisters
et al. concluded that the HAS-BLED scale was able to
predict the risk of major bleeding (AUC 0.72)°. In a
further analysis, Apostolakis et al. found a moderate
ability to predict the risk of major bleeding (AUC
0.67)1%17 However, the available evidence for VTE is
limited and the results are similar to our study. Koo-
iman et al. evaluated the scale with an AUC of 0.55,
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suggesting that it may not be applicable or may have
limited ability to predict bleeding risk in this group16.18.

Brown et al., chose to include cancer as an indepen-
dent variable in the model because it was found to
have the most robust association of all covariates!©.
However, only changes from 3 to 4 points showed
significance. Our results suggest that HAS-BLED un-
derestimates the risk of bleeding at any of the cutoff
points, especially in patients classified as low risk,
both in the general population, and in the subgroup
of patients with active cancer.

The limitations of the scale are mainly related to the
lack of inclusion of the cancer variable. It should be
considered that cancer is a recognized risk factor for
both, venous thromboembolism and bleeding, due to
various factors inherent to the disease or its treat-
ment. In addition, the criterion of INR (international
normalized ratio) liability cannot be evaluated in the
context of DOAC, which do not require regular INR
monitoring due to their predictable and constant dos-
ing and because they have fewer food and drug inter-
actions than warfarin. Therefore, the use of this vari-
able in patients treated with DOACs is clinically
irrelevant and it could lead to an underestimation or
overestimation of the true bleeding risk®.

In addition, we found an AUC value of 0.57 (Cl 0.48-
0.66), demonstrating that the ability of the HAS-BLED
score to discriminate patients at high risk of bleeding
at 1 month is limited. This suggests the need to con-
sider other variables to include in the model or to
explore other predictive scales in this population.
These results are consistent with different research
groups that have evaluated the discriminative ability
of the scale in different contexts. For example, Poli et
al. evaluated 1078 patients over 80 years of age and
obtained a C-statistic of 0.55%°. Other studies con-
ducted in populations treated with Vitamin K antago-
nists for VTE and atrial fibrillation reported C-statistic
values of 0.57 and 0.672021,

One of the strengths of the present study is the close
follow-up and telephone contact with our patients, in
contrast to the original study in which outcomes were
identified by diagnosis code from the insurer’s data-
base?©. This probably allowed us to detect more events
and partially explains the large difference found be-
tween the number of expected and actual events.
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However, it is important to mention the limitations of
the study, among which the evaluation of outcomes
by patient self-report could lead to misclassification
bias, but the evaluation of medical records minimizes
this risk, especially in cases of major bleeding. In addi-
tion, although we included a large sample, the number
of events was relatively small, 36 for total bleeding
and 17 for major bleeding, which limits the precision
of our estimates. Prospective validation studies with
larger numbers of patients are therefore needed to
confirm our results.

In conclusion, the results described in the present study
suggest that the HAS-BLED prediction model has poor
discriminatory ability and underestimates the risk of
bleeding at 1 month in patients with VTE, and this re-
sult is consistent in the subgroup of patients with can-
cer, suggesting that these models have limited utility in
our population. Therefore, it may be necessary to reca-
librate the scale or consider the evaluation of other risk
stratification tools. In the meantime, clinical decisions
should be made with caution, using clinical judgment
on a case-by-case basis by the treating physician.
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