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Abstract

HAS-BLED score was developed for bleeding prediction in patients with atrial fibrillation (AF). Recently, it was also used in
patients undergoing percutaneous coronary interventions (PCI). This study analyzes the HAS-BLED predictivity for bleed-
ings and mortality in patients with acute coronary syndromes (ACS) without AF, and evaluates the utilization of alternative
criteria for renal dysfunction. The study population was composed of 704 patients with ACS. Six-hundred and eleven patients
completed the follow-up. The HAS-BLED score was calculated both using the original definition of renal dysfunction, both
using three alternative eGFR thresholds (< 30, < 60 and <90 ml/min/1.73 mq). In-hospital and post-discharge bleedings and
mortality were recorded, and calibration and discrimination of the various risk models were evaluated using the Hosmer—
Lemeshow test and the C-statistic. In-hospital bleedings were 4.7% and mortality was 2.7%. Post-discharge bleedings were
3.1% and mortality was 4.4%. Regarding bleeding events and in-hospital mortality, the HAS-BLED original risk model
demonstrated a moderate-to-good discriminative performance (C-statistics from 0.65 to 0.76). No significant differences
were found in predictive accuracy when applying alternative definitions of renal dysfunction based on eGFR, with the
exception of post-discharge mortality, for which HAS-BLED model assuming an eGFR value < 60 ml/min/1.73 mq showed
a discriminative performance significantly higher in comparison to the other risk models (C-statistic 0.71 versus 0.64—0.66).
In conclusion, in our ACS population, the HAS-BLED risk score showed a fairly good predictive accuracy regarding in-
hospital and follow-up bleeding events and in-hospital mortality. The use of renal dysfunction alternative criteria based on
eGFR values resulted in out-of hospital mortality predictive accuracy enhancement.
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Introduction

Antithrombotic therapy represents the mainstay pharmaco-
logic strategy both for patients affected by atrial fibrillation
(AF) and for those with acute coronary syndromes (ACS).
In the last decades, the use of new potent antithrombotic
agents, the utilization of combined drugs regimens, the
widespread application of invasive procedures, and the
aging of the patients, all have determined an increase of
bleeding events incidence. In particular, they represent
the most common non-cardiac in-hospital complication
in patients with ACS and they keep being a frequent event
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also during chronic maintenance phase [1-5]. Moreover,
evidences exist about the worse clinical outcome conferred
by bleeding in these patients, as it represents an independ-
ent risk factor for mortality, showing an hazard equivalent
or greater than that of myocardial infarction [1, 6-11].
Increased awareness about the importance of bleedings
in ACS patients has prompted the development of bleed-
ing stratification risk scores to guide the implementation
of preventive strategies [12]. In the recent years, various
risk models have been developed and validated [13-18].
Although they showed overall a satisfactory performances
regarding in-hospital and acute bleedings, the utility of
these models to predict long-term bleeding is unclear [19].
The HAS-BLED score was initially developed to assess
the bleeding risk in patients with AF receiving chronic
anticoagulant therapy [20]. In these patients, it has also
been shown to predict cardiovascular events and long-term
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outcome [21]. The observation by Pisters et al. [20] that
HAS-BLED predictive efficacy was particularly high in
patients receiving antiplatelet therapy led to its evaluation
in predicting bleeding events and major acute cardiovascu-
lar events (MACE) in patients receiving dual antiplatelet
therapy (DAPT) after percutaneous coronary interventions
(PCI) and stenting with or without AF [22-27]. Moreover,
the HAS-BLED score predictive performance was tested
in patients with ACS receiving DAPT or triple antithrom-
botic therapy, showing moderate accuracy [28-30]. The
principal objective of this study was to evaluate the predic-
tive performance of the HAS-BLED risk score regarding
in-hospital and long-term bleeding events and mortality
in ACS patients without atrial fibrillation. In addition, we
evaluated the effects of an alternative definition of renal
dysfunction based on eGFR estimation on predictive accu-
racy of the risk model.

Materials and methods
Study population

Individuals admitted to the Coronary Care Unit (CCU) of
San Paolo Hospital in Milan (Italy) between November 2012
and 2014 and between June 2016 and December 2017, with
a final diagnosis of acute coronary syndrome (ACS), were
considered for the study. The diagnosis of ACS was based on
new onset symptoms consistent with cardiac ischemia plus
at least one of the following objective criteria: electrocardio-
graphic changes indicative of myocardial ischemia, troponin
elevation above the 99th percentile threshold of a healthy
reference population, with 10% coefficient of variability
(Troponin I, Vitros ES assay, Ortho Clinical Diagnostics),
previously documented coronary artery disease, defined as
history of myocardial infarction, or previous angiographic
demonstration of coronary stenosis >50%. Patients were
classified as having ST-elevation myocardial infarction
(STEMI) and non-ST-elevation ACS (NSTE-ACS) accord-
ing to the standardized electrocardiographic criteria. The
diagnosis of unstable angina required the absence of diag-
nostic elevation of troponin. All-comers design study was
adopted with no restriction on age or on critically ill patient
inclusion. The only exclusion criteria were a history of atrial
fibrillation and the need of chronic anticoagulant therapy. A
post-discharge 12-month follow-up was performed by phone
call and/or ambulatory visits. This study was a retrospective
analysis of prospectively collected data in a clinical regis-
try database. The study complies with the Declaration of
Helsinki and was approved by the Clinical Research Eth-
ics Committee of our Institution. All the patients signed a
standard consent regarding sensitive personal data treatment.
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Study design

Baseline clinical characteristics, medical history, bio-
chemical and electrocardiographic findings, angiographic
data, treatments administered during hospitalization, and
incidence of in-hospital and out-of-hospital adverse events
were collected on an electronic database (Microsoft Excel,
Microsoft Office 2010 package) designed for ACS patients
admitted to our CCU. In particular, in the database, all the
elements pertinent to the definition of the HAS-BLED score
were included (Table 1). Thus, for all the patients, the score
was calculated based on admission clinical and laboratory
data. Since patients with atrial fibrillation and/or the need
of chronic anticoagulant therapy were excluded from the
study, the item L, corresponding to the INR values trend,
was set to O for all the patients. The score was calculated
both using the renal dysfunction definition proposed in the
original publication (that is, renal transplant/dialysis or
serum creatinine > 200 umol/L or >2.26 mg/dL) [20], and
by replacing it with an alternative renal dysfunction criteria
based on eGFR calculation using the Chronic Kidney Dis-
ease Epidemiology Collaboration (CKD-Epi) equation [31].
In particular, three alternative eGFR cut-off levels were ana-
lyzed: <30, <60, and <90 ml/min/1.73 mq, assigning one
point for each alternative cut-off level. Moreover, for all the
HAS-BLED scores obtained, patients were stratified into
three bleeding risk categories (low risk: score =0-1; moder-
ate risk: score =2; high risk: score > 3). Finally, the analysis

Table 1 Variables composing the HAS-BLED bleeding risk score

Letter Variable Criteria Score
H Hypertension SBP> 160 mmHg NO
Y1
A Abnormal renal function Renal transplant/ NO
dialysis, serum cre- Y1
atinine > 200 umol/L
or>2.26 mg/dL
Abnormal liver function Chronic hepatic disease, NO
biochemical evidence Y1
of significant hepatic
dysfunction
S Stroke Prior stroke NO
Y1
B Bleeding Anemia or bleeding history N 0
Y1
L Labile INRs Therapeutic time in NO
range < 60% Y1
E Elderly >65 years NO
Y1
D Drugs Antiplatelet agents/NSAIDs N 0
Y1
Alcohol use >8 U/week NO
Y1
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of the database allowed the determination of the incidence of
in-hospital and post-discharge 12-month bleeding events and
mortality. Bleedings were recorded in the database using the
Bleeding Academic Research Consortium (BARC) standard-
ized definition criteria [32].

Statistical analysis

Continuous variables are described as mean + standard
deviation (SD) or median and inter-quartile range (IQR), as
appropriate. Categorical variables are described as absolute
values and percentages. Comparisons between continuous
variables were performed with Mann—Whitney test and
ANOVA method as appropriate and associations between
categorical variables were studied by the Chi-square test,
the Fisher’s exact test, or the Cochran—Armitage Trend test,
as appropriate. Risk models calibration was assessed by the
Hosmer—Lemeshow test which determines how close is the
correspondence between predicted and observed incidence
of events [33]. In this test, a p <0.05 indicates a lack of
model adjustment. The discriminatory capacity of the risk
models was assessed deriving their C-statistics, using receiv-
ing-operating characteristic (ROC) curves. The calibration
and discrimination of the risk models were assessed with
respect to in-hospital and post-discharge 12-month overall
bleeding events (defined as BARC >2), in-hospital major
bleeding events (defined as BARC 3 or 5; coronary artery
bypass graft (CABG)-related bleedings were not considered
in the study), and in-hospital and post-discharge mortality.
The C-statistics of the risk models were compared using the
DeLong’s test [34]. MedCalc Statistical Software version
16.2.0 (MedCalc Software bvba, Ostend, Belgium; https
://'www.medcalc.org; 2016) was used for all the statistical
analysis. Statistical significance was defined as p <0.05.

Results
Baseline characteristics

A total of 704 patients composed the final-study popula-
tion. The demographic and clinical baseline characteristics
of study patients and in-hospital treatments are shown in
Table 2. Median age was 67 years (IQR 57-77) and 28%
were females. In 48% of patients, the diagnosis was of
NSTE-ACS and in 52% of STEMI. Regarding risk factors,
25% had a history of diabetes, 63% were affected by arte-
rial hypertension, and 48% had dyslipidaemia. The GRACE
score showed a median value of 131 (IQR 106-154). Most
patients were treated with dual oral antiplatelet therapy,
while only 27% received glycoprotein IIb/IIla antago-
nists. In-hospital anticoagulant therapy was used in 90%
of patients. Coronary angiography was performed in 97%

Table 2 Baseline clinical characteristics and in-hospital management

of the whole-study population

n=704
Age (years) 67 (57-77)
Female sex 197 (28)
BMI (kg/mq) 25 (23-29)
Medical history
Arterial hypertension 445 (63)
Diabetes 179 (25)
Dyslipidaemia 338 (48)
Active smoking 272 (39)
Prior MI 145 (21)
Prior PCI 144 (21)
Prior CABG 45 (6.4)
Prior stroke 36 (5)
Peripheral arteriopathy 130 (18.5)
Clinical presentation
NSTE-ACS 339 (48)
STEMI 365 (52)
GRACE score 131 (106-154)
Killip class >2 108 (15.3)
EF (%) 54 (45-58)
Serum creatinine (mg/dL) 0.9 (0.8-1.1)
GFR (ml/min/mq) 81.5 (61.5-96)
Renal failure >3 155 (22)
Haematocrit (%) 42 (39-45)
Anemia 138 (19.7)
Leucocyte (giga/l) 9.7 (71.7-12.2)
In-hospital management
Coronary angiography 680 (96.6)
Radial vascular access 421 (62)
PCI 519 (77)
IABP 9(1.3)
Pharmacological therapy
Aspirin 686 (97.4)
P2Y12 inhibitors 644 (91.5)
Glycoprotein IIb/I1Ia inhibitors 190 (27)
Anticoagulant therapy 633 (90)
Statins 676 (96.2)
ACE inhibitors 550 (78.1)
ARBs 50 (7.1)
Beta-blockers 636 (90.3)

Values are n (%) or median (IQR)

ARBs angiotensin receptor blockers, BMI body mass index, CABG
coronary artery bypass grafting, EF ejection fraction, eGFR esti-
mated Glomerular Filtration Rate, GRACE Global Registry of Acute
Coronary Events, IABP intra-aortic balloon pump, MI myocardial
infarction, NSTE-ACS non-ST-elevation acute coronary syndrome,
PCI percutaneous coronary intervention, STEMI ST-elevation myo-
cardial infarction

@ Springer


https://www.medcalc.org
https://www.medcalc.org

1624

Heart and Vessels (2019) 34:1621-1630

of patients, using a vascular radial approach in 62% of
cases, and a percutaneous coronary intervention (PCI) was
performed in 77% of them. None of the patients included
in the study was referred for urgent CABG. Finally, in 9
patients (1.3%), an intra-aortic balloon catheter was used.
Of the 685 patients discharged from the hospital, 611 (89%)
completed the post-discharge follow-up (mean value of
11.6 £ 0.8 months) and the characteristics of the follow-up
population did not show statistically significant differences
in comparison to the patients lost at follow-up, with the
exception of an higher prevalence of arterial hypertension
and dyslipidaemia (Table 3). In Table 4 are shown sepa-
rately the mean values of HAS-BLED scores in the whole
population and in the subgroup of patients that completed
the follow-up period.

In-hospital and follow-up adverse events

As far as in-hospital period is concerned, 33 patients under-
went a bleeding event, in 19 cases a BARC type 2 and in 14
cases a BARC type 3 bleeding. As a result, the incidence
rate of overall bleedings was 4.7% and that of major bleed-
ings was 2%. No fatal bleedings were observed. Considering

Table 4 HAS-BLED values in the whole population and in follow-up
patients

Whole population Follow-up (n=611)
(n=704)
HAS-BLED 1.89+0.96 1.88+0.95
HAS-BLED <30 1.90+0.97 1.89+0.97
HAS-BLED < 60 2.09+1.14%* 2.09+1.14%*

HAS-BLED <90 2.53 £1.16%** 2.53+1.16%%*

Values are presented as mean+ SD
*#p <0.0001 vs HAS-BLED, HAS-BLED < 30
##%p <0.0001 vs HAS-BLED, HAS-BLED < 30, HAS-BLED < 60

overall bleedings, in 15% of cases, the event was related to
the vascular access site, in 30% of cases to gastrointesti-
nal bleeding, in 9% of cases to genitourinary bleeding, in
6% of cases to bronco-pulmonary bleeding, and in 40% of
cases was related to multiple sites or undetected single site.
Twenty-four patients (3.4%) underwent blood transfusions.
In-hospital mortality was 2.7%. Regarding the follow-up
period, the incidence rate of overall bleedings was 3.1%.
In 52% of cases, the event was related to gastrointestinal

Table 3 Main baseline clinical

N . Follow-up population No follow-up population  p value

characteristics of patl.ents that (n=611) (n=74)

completed the post-discharge

12-month follow-up period and Age (years) 67 (57-77) 62 (53-76) 0.06

of patients lost at follow-up Female sex 161 (26) 27 (36) 0.06
Arterial hypertension 394 (64) 37 (50) 0.01
Diabetes 148 (24) 20 (27) 0.59
Dyslipidaemia 306 (50) 26 (35) 0.01
Prior MI 132 (22) 11 (15) 0.17
Prior PCI 129 (21) 12 (16) 0.32
Prior CABG 39 (6) 4(5) 0.74
Prior stroke 31 (5) 4(5) 0.90
NSTE-ACS 294 (48) 38 (51) 0.59
STEMI 317 (52) 36 (49)
GRACE score 130 (107-151) 123 (93-161) 0.33
Killip class >2 83 (13) 11 (15) 0.76
EF (%) 54 (45-59) 55 (41-58) 0.51
Renal failure >3 131 (21) 11 (15) 0.18
Anemia 109 (18) 20 (27) 0.06
Aspirin 597 (98) 71 (96) 0.35
P2Y12 inhibitors 557 (91) 70 (95) 0.31
Glycoprotein IIb/II1a inhibitors 170 (28) 16 (22) 0.25
Coronary angiography 595 (97) 72 (97) 0.96
PCI 454 (74) 53 (72) 0.49

Values are n (%) or median (IQR)

CABG coronary artery bypass grafting, EF ejection fraction, eGFR estimated Glomerular Filtration Rate,
GRACE Global Registry of Acute Coronary Events, MI myocardial infarction, NSTE-ACS non-ST-eleva-
tion acute coronary syndrome, PCI percutaneous coronary intervention, STEMI ST-elevation myocardial

infarction
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bleeding, in 31% of cases to genitourinary bleeding, and
in 17% of cases, it was not related to a single detectable
site. In 12 patients, the bleeding event led to modification or
discontinuation of dual antiplatelet therapy. No fatal bleed-
ings were observed. Finally, out-of-hospital mortality was
4.4%. As shown in Table 5, the incidence of bleedings and
of mortality rises across the risk categories for each of the
HAS-BLED risk models considered, concerning both the
in-hospital and follow-up periods, with significant results for
the Cochran—Armitage test for trend, with the exception of
in-hospital major bleedings and follow-up overall bleedings
for HAS-BLED <90.

Risk score calibration and discrimination

In Table 6 are summarized the calibrations and discrimina-
tions of each of the HAS-BLED risk models evaluated for
in-hospital and follow-up overall bleedings, major bleed-
ings, and mortality. As shown, the calibration of all the risk
models was good, as demonstrated by the non-significant
results of the Hosmer-Lemeshow test. The discrimina-
tory capacity was moderate-to-good for all in-hospital and
follow-up events considered (C-statistic from 0.65 to 0.68
for in-hospital overall bleedings, from 0.68 to 0.73 for in-
hospital major bleedings, from 0.71 to 0.76 for in-hospital
mortality (Fig. 1), from 0.65 to 0.66 for follow-up overall

bleedings, and from 0.64 to 0.71 for follow-up mortality
(Fig. 2)). No statistically significant differences were found
between the discriminatory capacity of the risk models for
all the events considered, with the exception of out-of-hos-
pital mortality for which HAS-BLED model assuming an
eGFR value < 60 ml/min/1.73 mq as criteria for renal dys-
function showed a discriminative performance significantly
higher in comparison to the other risk models.

Discussion

The main results of the present study can be summarized as
follows: (1) in our population, the HAS-BLED score dem-
onstrated an overall moderate predictive accuracy for in-hos-
pital and follow-up bleeding events, (2) the risk model also
showed a fairly good predictive performance for in-hospital
mortality, while the predictive accuracy was lower for post-
discharge mortality, and (3) the utilization of eGFR-based
alternative definitions of renal dysfunction resulted in a simi-
lar predictive accuracy for all the events considered, except
when considering out-of-hospital mortality for which HAS-
BLED with a <60 ml/min/1.73 mq eGFR cut-off resulted in
a significantly higher predictive performance.

Although the HAS-BLED score was established to pre-
dict bleeding and clinical outcomes in patients with AF

Table 5 Distribution of observed bleeding events and mortality across HAS-BLED risk categories in the whole population and in the follow-up

patients
HAS-BLED In-hospital (n=704) Post-discharge (n=611)

LR (36.5) MR (39.2) HR (24.3) LR (35.8) MR (39.9) HR (24.2)
Overall bleeding 3(1.2) 16 (5.8) 14 (8.2) 3(1.4) 7(2.9) 9 (6.1)
Major bleeding 1(0.4) 6(2.2) 7(@4.1)
Mortality 2(0.8) 6(2.2) 11 (6.4) 4 (1.8) 13 (5.3) 10 (6.8)
HAS-BLED < 30 LR (36.8) MR (38.6) HR (24.6) LR (36.2) MR (39.4) HR (24.4)
Overall bleeding 3(1.2) 15 (5.5) 15 (8.7) 3(1.4) 7(2.9) 9 (6.0)
Major bleeding 1(0.4) 5(1.8) 8 (4.6)
Mortality 2(0.8) 6(2.2) 11 (6.4) 4(1.8) 13(5.4) 10 (6.7)
HAS-BLED < 60 LR (34.4) MR (32.7) HR (33) LR (33.9) MR (33.2) HR (32.9)
Overall bleeding 3(1.2) 13 (5.7) 17 (7.3) 3(1.4) 4(2) 12 (6.0)
Major bleeding 1(0.4) 4(1.7) 9(@3.9)
Mortality 0(0) 6 (2.6) 13 (5.6) 4(1.9) 3(1.5) 20 (10)
HAS-BLED <90 LR (19.7) MR (27.8) HR (52.4) LR (19) MR (28) HR (53)
Overall bleeding 1(0.7) 8 (4.1) 24 (6.5) 2(1.7) 2(1.2) 15 (4.6)*
Major bleeding 1(0.7) 2(1) 11 (3)*
Mortality 0(0) 3(1.5) 16 (4.3) 2(1.7) 2(1.2) 23(7.1)

Data are presented as absolute values and percentages. The Cochran—Armitage trend test was statistically significant (p <0.02) for all the events,

except for *

LR low risk (score =0-1), MR moderate risk (score =2), HR high risk (score >3)
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Table 6 Calibration and discrimination values of the various HAS-
BLED risk models

p H-L test C-statistic (95% CI)

IH PD IH PD

HAS-BLED

Overall bleeding 0.33 0.78
Major bleeding  0.79
Mortality 0.98 0.42
HAS-BLED < 30

Overall bleeding 0.43 0.41
Major bleeding  0.88
Mortality 0.98 0.57
HAS-BLED <60

Overall bleeding 0.31 0.18
Major bleeding  0.77
Mortality 0.35 0.07
HAS-BLED <90

Overall bleeding 0.63 0.65
Major bleeding  0.97
Mortality 0.68 0.12

0.68 (0.64-0.71)
0.71 (0.67-0.74)
0.73 (0.69-0.76)

0.65 (0.61-0.69)
0.64 (0.60-0.68)
0.69 (0.65-0.72)

0.73 (0.69-0.76)
0.72 (0.69-0.76)

0.65 (0.61-0.69)
0.64 (0.60-0.68)
0.67 (0.63-0.70)

0.71 (0.67-0.74)
0.76 (0.73-0.79) 0.71* (0.67-0.75)

0.66 (0.61-0.69)

0.65 (0.62-0.69)
0.68 (0.64-0.71)
0.71 (0.68-0.75)

0.65 (0.61-0.69)

0.66 (0.62-0.70)

In the table are presented, for each of the risk score models, the p val-
ues of the Hosmer—Lemeshow test and the C-statistics values related
to the in-hospital and follow-up adverse events

IH in-hospital, PD post-discharge

*p<0.005 HAS-BLED, HAS-BLED <30
BLED <90

versus and HAS-

receiving anticoagulant therapy, in the study of Pisters et al.
[20], it showed a high predictive accuracy for bleeding
events in the subgroup of patients on antiplatelet therapy.
Based on this observation, the applicability of the HAS-
BLED risk model has been investigated in patients receiv-
ing DAPT after PCI with or without AF. While two studies
[22, 23] found that HAS-BLED score could not be used
to assess the long-term risk of bleeding or MACE in AF
patients undergoing PCI; in the PCI patients population
without AF, the HAS-BLED score showed a fairly good pre-
dictive performance for the long-term occurrence of MACE
and bleeding events [24-27]. A few studies were conducted
in patients with ACS. Smith et al. [28] showed that HAS-
BLED score significantly predicted the 1-year spontaneous
bleeding events (C-statistic 0.67) in ACS patients receiving
triple antithrombotic therapy and Hsieh et al. [29, 30] dem-
onstrated that the HAS-BLED score show an high predictive
accuracy for in-hospital major bleeding (C-statistic 0.80), no
statistically different from that of CRUSADE and ACUITY-
HORIZONS, and for 3-year survival (C-statistic 0.76), in
ACS patients without AF.

Our study was conducted on a real-world population of
ACS patients without AF. In our patients, the HAS-BLED
score showed an adequate calibration and overall a moderate
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Fig.2 Receiver-operating characteristic curves of the HAS-BLED
risk models for post-discharge bleeding events and mortality. a Over-
all bleedings; b mortality. C-statistic values are shown in Table 6

or fairly good predictive accuracy for in-hospital bleeding
events (C-statistic of 0.68 for >2 BARC bleedings and of
0.71 for major bleedings) and mortality (C-statistic of 0.73),
and for post-discharge 12-month bleeding events (C-statistic
of 0.65 for >2 BARC bleedings), and mortality (C-statistic
of 0.64). When compared with the studies by Hsieh et al. [29,
30], our results confirm the overall fairly good performance
of HAS-BLED in predicting in-hospital bleeding events,
although with lower C-statistic values, while a less satisfac-
tory predictive accuracy was observed for long-term mortal-
ity. Our study differs in some aspects from those by Hsieh
et al. Our study population was composed of non-selected
patients with ACS, both of NSTE and STEMI types, while
Hsieh studied only patients with non-ST-elevation myocar-
dial infarction. Moreover, we evaluated in-hospital occur-
rence of both bleedings and mortality and post-discharge

1-year bleedings and mortality, while Hsieh considered only
in-hospital major bleedings and 3-year mortality. Finally, in
our population, almost 59% of patients received ticagrelor
or prasugrel and 27% were treated with a glycoprotein 11b/
IITa antagonist, while all patients studied by Hsieh were on
clopidogrel and none received a glycoprotein IIb/IIla antago-
nist. Despite the wide utilization of more potent antiplatelet
agents in our population, we observed a low 2% incidence of
in-hospital major bleedings, with a 4.7% incidence of over-
all bleedings, figures largely lower than those observed by
Hsieh et al. As pointed out in their study, the high incidence
of in-hospital major bleeding (6.5%) which they observed
might be explained, at least partially, by race-ethnic differ-
ences in responses to antiplatelet therapy observed in Asian
patients [29, 35, 36]. Anyhow, the high incidence of in-hos-
pital bleeding events can partially explain the higher predic-
tive accuracy showed by HAS-BLED in their study. Accord-
ing to this, the high long-term mortality which they observed
(15.4%) can partially explain the higher C-statistic that they
obtained in comparison to our results regarding predictive
accuracy of HAS-BLED for post-discharge mortality. As
further aspects of differentiation, based on the observations
pointing out a significant association also of minor grades
of BARC bleedings with long-term mortality [10, 11, 37],
we evaluated the predictivity of the HAS-BLED score not
only for major bleedings but also for overall bleedings, that
is >2 BARC grade bleedings. We observed a moderately
good performance regarding in-hospital events and, more
importantly, also for post-discharge bleedings (C-statistic of
0.65). We think that this result might be particularly useful
in the clinical practice, since BARC type > 2 bleedings were
demonstrated to effectively predict interruption of long-term
antiplatelet therapy [38] and risk scores specifically devel-
oped in ACS patients show overall only a modest predictive
accuracy for post-discharge bleedings [19].

Renal insufficiency is associated with an increased risk of
bleeding and it has been consistently found to be a power-
ful predictor of hemorrhagic complications in ACS patients,
acting through a series of mechanisms of which platelet dys-
function, endothelial cells dysregulation, fibrinolytic system
activation, and antithrombotic drugs overdosing/accumula-
tion appear to be particularly relevant [12, 39]. Moreover,
renal failure is associated with an increased risk of MACE
and mortality in patients with ACS and in patients under-
going PCI [40, 41]. As a consequence of this, the majority
of the risk models developed to predict bleeding compli-
cations and MACE includes a measure of renal function.
The HAS-BLED risk model contains serum creatinine
dosing to evaluate renal function and the presence of renal
impairment is defined, besides renal transplant or dialysis,
as serum creatinine > 200 umol/L (>2.26 mg/dL) (Table 1)
[20]. Although age is a component of the risk model, sex and
race are not included, thus potentially producing inaccuracy
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in glomerular filtration rate estimation. Moreover, eGFR
is widely accepted as a more accurate indicator of renal
function. Based on these considerations, in our study, we
evaluated if replacing the original creatinine-based renal
impairment definition with an alternative renal dysfunction
criteria based on eGFR calculation using the Chronic Kid-
ney Disease Epidemiology Collaboration (CKD-Epi) equa-
tion [31] might enhance the discriminative performance of
HAS-BLED model. We tested separately three different
eGFR cut-off criteria corresponding to mild, moderate, and
severe definitions of chronic renal failure, that is, <90, < 60,
and <30 ml/min/1.73 mq. As shown in Table 4, no statisti-
cally significant differences were found between mean val-
ues of HAS-BLED scores obtained using the usual model
and the <30 eGFR model, both in the whole population
and in the post-discharge population, suggesting that, in
our population, the creatinine cut-off used in the original
HAS-BLED model corresponds roughly to a condition of
severe renal failure as obtained using the eGFR-based meas-
urement. The utilization of less restrictive criteria for renal
impairment, that is <90 and < 60 ml/min/1.73 mq eGFR,
resulted in significantly higher HAS-BLED mean values,
due to the allocation of more patients in the higher bleeding
risk categories, as shown in Table 5. When compared to the
original HAS-BLED, all the alternative eGFR-based models
showed a good calibration with a similar predictive accuracy
for bleeding events, both in-hospital and post-discharge. As
shown in Table 6, no statistically significant differences were
found between the C-statistic of the various risk models for
all the bleeding events considered. On the other hand, the
risk model incorporating the < 60 ml/min/1.73 mq eGFR
definition of renal impairment showed, in comparison to
the original HAS-BLED, a significantly higher predictive
accuracy for post-discharge mortality (C-statistic 0.71 vs
0.64) and a not significant trend for in-hospital mortality
(C-statistic 0.76 vs 0.73), suggesting that this threshold for
renal impairment ensures a more favorable accuracy profile,
combining a fairly good accuracy for bleeding events with
the best one for mortality. Until now, we know no other stud-
ies in literature on this topic. However, the results which
we obtained are in agreement with observations, suggesting
that, in patients undergoing surgery, postoperative mortality
rises more steeply once eGFR falls below 60 ml/min/1.73
mq [42].

Limitations of the study

The present study presents some limitations. The first one is
the relatively limited sample size and the consequent small
number of events. This did not allow the evaluation of the
risk model performance in patients’ subgroups, such as
STEMI and NSTE-ACS patients as an example. Other limi-
tations are that it was designed as a retrospective analysis of
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prospectively collected data from a clinical registry, includ-
ing limitations inherent to such study designs, and that it is a
single-institution experience, limiting the generalizability of
our findings to other populations. However, we think that our
population, although relatively small, is well balanced, rep-
resenting a contemporary ACS population, almost equally
subdivided between STEMI and NSTE-ACS cases and man-
aged according to current clinical practice, with the great
majority of patients referred to coronary angiography, 77%
to percutaneous coronary interventions, and the majority
being treated with new P2Y 12 agents.

Conclusions

The conclusions that we can draw from our study can be
summarized in two main points. First, the HAS-BLED score
seems to perform reasonably well in ACS patients without
AF to predict in-hospital and post-discharge bleeding events
and in-hospital mortality. This might be particularly useful,
because, using a single simple score, easier to calculate than
other bleeding and MACE oriented scores, we can predict
with moderate-to-good accuracy both overall in-hospital
main adverse events and post-discharge hemorrhagic com-
plications. Second, the utilization of eGFR with a cut-off
value of < 60 ml/min/1.73 mq as the threshold for renal
impairment definition seems to enhance the predictive per-
formance of the risk model, adding a better discriminative
capacity for post-discharge mortality.
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