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Abstract
AIM: To derive and validate a score for the prediction 
of mid-term bleeding events following discharge for 
myocardial infarction (MI).

METHODS: One thousand and fifty patients admitted 
for MI and followed for 19.9 ± 6.7 mo were assigned 
to a derivation cohort. A new risk model, called BLEED-
MI, was developed for predicting clinically significant 
bleeding events during follow-up (primary endpoint) 
and a composite endpoint of significant hemorrhage 
plus all-cause mortality (secondary endpoint), incor-
porating the following variables: age, diabetes mel-
litus, arterial hypertension, smoking habits, blood urea 
nitrogen, glomerular filtration rate and hemoglobin at 
admission, history of stroke, bleeding during hospital-
ization or previous major bleeding, heart failure during 
hospitalization and anti-thrombotic therapies prescribed 

at discharge. The BLEED-MI model was tested for cali-
bration, accuracy and discrimination in the derivation 
sample and in a new, independent, validation cohort 
comprising 852 patients admitted at a later date.

RESULTS: The BLEED-MI score showed good calibra-
tion in both derivation and validation samples (Hosmer-
Lemeshow test P  value 0.371 and 0.444, respectively) 
and high accuracy within each individual patient (Brier 
score 0.061 and 0.067, respectively). Its discrimina-
tive performance in predicting the primary outcome 
was relatively high (c-statistic of 0.753 ± 0.032 in the 
derivation cohort and 0.718 ± 0.033 in the validation 
sample). Incidence of primary/secondary endpoints in-
creased progressively with increasing BLEED-MI scores. 
In the validation sample, a BLEED-MI score below 2 
had a negative predictive value of 98.7% (152/154) for 
the occurrence of a clinically significant hemorrhagic 
episode during follow-up and for the composite end-
point of post-discharge hemorrhage plus all-cause mor-
tality. An accurate prediction of bleeding events was 
shown independently of mortality, as BLEED-MI pre-
dicted bleeding with similar efficacy in patients who did 
not die during follow-up: Area Under the Curve 0.703, 
Hosmer-Lemeshow test P  value 0.547, Brier score 0.060; 
low-risk (BLEED-MI score 0-3) event rate: 1.2%; in-
termediate risk (score 4-6) event rate: 5.6%; high risk 
(score ≥ 7) event rate: 12.5%.

CONCLUSION: A new bedside prediction-scoring 
model for post-discharge mid-term bleeding has been 
derived and preliminarily validated. This is the first 
score designed to predict mid- term hemorrhagic risk in 
patients discharged following admission for acute MI. 
This model should be externally validated in larger co-
horts of patients before its potential implementation.
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tions[7,8,10,13-15]. However, prediction of  mid- and long-
term hemorrhagic events following an acute coronary 
syndrome has received surprisingly scarce attention from 
the scientific community. To the best of  our knowledge, 
to this date no risk score has been developed for predict-
ing the mid-term risk of  bleeding complications following 
discharge for a MI. In the context of  bleeding assessment, 
evidence-based decision making should lead to selection 
of  appropriate pharmacologic and nonpharmacologic 
treatments, invasive or conservative strategies that may 
offer the best balance of  benefit and risk. Furthermore, 
identification of  those patients at highest hemorrhagic 
risk allows application of  more aggressive preventive 
strategies and potential optimization of  outcomes.

The purpose of  this investigation was to derive and 
preliminarily validate a new risk score for the prediction 
of  mid-term bleeding events in patients discharged fol-
lowing admission for a MI.

MATERIALS AND METHODS
Study design
We included all patients admitted at our hospital’s Acute 
Coronary Care Unit (ACCU) with a diagnosis of  MI be-
tween December 1, 2006 and August 31, 2009 in a deri-
vation cohort. Using collected baseline data at the time 
of  MI diagnosis and outcome data from this cohort, we 
developed a new algorithm for the prediction of  post-
discharge bleeding events-BLEED-MI score. This model 
was evaluated for its overall predictive performance, 
discriminatory power and calibration in the derivation 
sample and in a different cohort comprising patients ad-
mitted at our institution for a MI between September 1, 
2009 and September 30, 2011.

Patients and eligibility criteria
One thousand and fifty patients consecutively admitted 
to the ACCU of  a tertiary referral hospital and university 
centre with a MI were included in the derivation sample, 
while 852 patients admitted at a later date to the ACCU 
with a MI were assigned to the validation cohort. Eligible 
patients were required to have a diagnosis of  MI accord-
ing to the Universal Definition of  MI[16]. Patients were 
classified as having acute MI with ST-segment elevation 
(STEMI) or MI without ST-segment elevation (NSTEMI). 
Patients with previously known left bundle branch block 
or ventricular pacemaker rhythm were included in the 
NSTEMI group.

Data collection
The following data were collected: demographic features, 
cardiovascular risk factors and previous medical history, 
physical examination (including weight, height, body 
mass index, blood pressure and heart rate) and analyti-
cal study at admission (including complete blood count, 
glycaemia, NT-proBNP, C-reactive protein, creatinine, 
urea, troponin Ⅰ), maximum troponin Ⅰ levels, results of  
coronary angiography and eventual revascularization pro-
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Core tip: Prediction of mid- to long-term clinically signif-
icant bleeding following discharge for a myocardial in-
farction has received scarce attention from the scientific 
community. The BLEED-myocardial infarction (MI) pre-
diction model is the first score designed to predict mid-
term hemorrhagic risk in these patients. Easy to use 
and comprising clinical and analytical items that can 
be collected in a few minutes, BLEED-MI showed good 
calibration, accuracy and discriminative performance 
for predicting post-discharge hemorrhagic episodes and 
a composite endpoint of bleeding events plus all-cause 
mortality. Importantly, an accurate prediction of bleed-
ing events was shown independently of mortality. Fur-
thermore, a progressively increasing risk of the primary 
and secondary endpoints was seen with increasing 
BLEED-MI scores and our results suggested a very high 
capability of the BLEED-MI rule in identifying low-risk 
patients. Depending on its potential external validation 
in larger cohorts of patients, the BLEED-MI score may 
eventually help tailor therapeutic decisions
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INTRODUCTION
Bleeding has emerged as a predictor of  early and late 
mortality in patients with a myocardial infarction (MI)[1-5]. 
Extensive data indicate that bleeding complications occur 
with relative frequency (up to 11.4% of  patients depend-
ing on the type of  MI, comorbid illnesses, performance 
of  coronary revascularization procedures or whether 
patient was given thrombolytic therapy[6-9]), independently 
affect outcomes, carry similar importance in adversely in-
fluencing mortality risk as ischemic events, can be grossly 
predicted by recognizing patient, presentation, treatment 
and procedural risk factors for hemorrhagic complica-
tions and may be prevented by pharmacologic or non-
pharmacologic measures[10].

Despite the proven benefits of  anti-platelet or anti-
thrombotic drugs, they are mechanistically linked to an in-
creased risk of  bleeding. Newer, more potent, agents may 
decrease risk of  further ischemic events at a cost of  in-
creased bleeding risk, which may decrease compliance[11,12].

A thorough understanding of  the prediction of  hem-
orrhagic complications following discharge for acute 
coronary syndromes is therefore a particularly sensitive 
concern, as we pursue our common goal of  maximizing 
efficacy of  antithrombotic drugs while minimizing bleed-
ing risk. Multiple studies have addressed the prediction 
of  bleeding events in the acute/sub-acute phases of  a MI 
or early post-discharge period (30 d within admission) or 
in patients undergoing percutaneous coronary interven-



cedures, inhospital bleeding complications, pre-discharge 
thoracic echocardiogram (when performed) and post-
discharge antithrombotic therapies. Glomerular filtration 
rate (GFR by MDRD formula) and the GRACE scores 
for intrahospital and 6-mo post-discharge mortality were 
calculated for all patients.

Study end points
The primary endpoint of  this study was the occurrence 
of  clinically significant bleeding events during follow-
up. In-hospital bleeding events were censored, as only 
post-discharge hemorrhage was considered. Clinical 
significance of  a documented hemorrhage was analyzed 
according to its severity, localization and associated he-
modynamic compromise. Heterogeneous definitions are 
frequently observed in the trials assessing the benefits of  
antithrombotic drugs in acute coronary syndromes (ACS), 
with the Thrombolysis in MI (TIMI) and GUSTO being 
the two bleeding definitions most commonly used in tri-
als on ACS[17,18]. 

Therefore, clinically significant hemorrhage included: 
(1) major, severe or life-threatening bleeding events, namely 
those at intracerebral location, those resulting in substan-
tial hemodynamic compromise requiring treatment or in 
reduction of  hemoglobin of  5 g/dL or more (or > 15% 
in hematocrit); and (2) moderate bleeding, defined by the 
need for transfusion, a drop in hemoglobin of  3-5 g/dL 
(or in hematocrit from 10% to 15%) from previous blood 
tests to the time of  admission, the occurrence of  sponta-
neous gross hematuria or hematemesis even in the absence 
of  hemoglobin drop higher than 3 g/dL, or unobserved 
loss of  4 g/dL or more in hemoglobin

Minor bleeding, referring to hemorrhagic events not 

included in the previous categories, nor requiring transfu-
sion or causing hemodynamic compromise or substantial 
fall in haemoglobin levels, was not assigned to the prima-
ry endpoint. Also, blood loss attributable to new revascu-
larization or other surgical procedures was not included.

The secondary endpoint of  this study was a compos-
ite outcome of  post-discharge clinically significant bleed-
ing event plus all-cause mortality.

Patient follow-up
Patients assigned to the derivation cohort were followed 
for 19.9 ± 6.7 mo following their discharge, while those 
in the validation sample were followed for a mean period 
of  13.4 ± 8.1 mo. Follow-up data was obtained from 
clinical records from outpatient clinic and hospital ward 
and emergency department admission(s), and through 
phone calls by the end of  a 2-year period after discharge 
for patients not followed at our hospital.

Statistical analysis
Statistical analysis was done using SPSS, v.17.0. When 
needed, baseline characteristics are described with mean 
± SD for continuous data and counts and proportions 
for categorical data. The Kolmogorov-Smirnov test was 
used to test the normal distribution of  continuous vari-
ables. A model for the prediction of  post-discharge mid-
term clinically significant bleeding episode was developed 
in the derivation cohort, comprising several parameters 
that have been shown before to predict bleeding events in 
different clinical contexts: age, hemoglobin at admission, 
GFR by MDRD formula at admission, blood urea nitro-
gen at admission, history of  stroke, bleeding event during 
hospital stay for the index MI or history of  major hemor-
rhage (defined as non-fatal hemorrhagic stroke or history 
of  serious bleeding requiring transfusion), signs of  heart 
failure before discharge, previously known hypertension, 
diabetes mellitus, smoking habits and post-discharge treat-
ment with anti-platelet or anticoagulant agents. Gender 
was indirectly considered, as it is one of  the parameters 
used for the GFR calculation with the MDRD formula. 
Type of  MI, performance of  revascularization proce-
dures, implanted stent type per se and atrial fibrillation 
at admission have not been consistently shown before to 
predict mid to long-term bleeding events following a MI. 
Furthermore, as these parameters did not help predict the 
occurrence of  bleeding events during follow-up in univar-
iate analysis, they were not included in our model. Table 
1 unveils predictors of  clinically significant hemorrhage 
in univariate analysis and Table 2 illustrates BLEED-MI 
score calculation.

Patients were divided into three risk categories: (1) 
BLEED-MI score 0-3: Low risk; (2) BLEED-MI score 
4-6: Intermediate risk; and (3) BLEED-MI score ≥ 7: 
High risk.

In both the derivation and validation cohorts, we 
assessed the discriminatory power of  the BLEED-MI 
model by calculating the area under each receiver oper-
ating characteristic (ROC) curve [area under the curve 
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Table 1  Prediction of mid-term bleeding events in univariate 
analysis

Bleeding event No bleeding event P  value

Age (yr)         74.6            67.2 < 0.001
Female gender 41.40% 34.50% 0.292
NSTEMI 67.20% 57.50% 0.095
Diabetes mellitus 50.00% 33.50% 0.011
Previous arterial 
hypertension

84.50% 73.80% 0.072

Smoking habits 29.30% 17.20% 0.049
History of stroke/TIA 17.50%   8.10% 0.015
Atrial fibrillation at 
admission

16.70% 13.50% 0.516

Bleeding during 
hospitalization

19.30%   7.10% 0.001

Maximum killip class           1.62              1.39 0.004
Hemoglobin at admission 
(g/dL)

       12.0            13.5 < 0.001

GFR at admission 
(mL/min)

       55.0            71.6 < 0.001

Blood urea nitrogen at 
admission (mg/dL)

         13.5              8.7 < 0.001

Submitted to revascular-
ization procedures

58.60% 63.90% 0.422

NSTEMI: Non-ST elevation myocardial infarction; TIA: Transient isch-
aemic attack; GFR: Glomerular filtration rate.
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(AUC)]. Discrimination, measured in terms of  the AUC, 
refers to BLEED-MI score’s ability to assign a higher 
probability to patients with hemorrhagic events than to 
those without bleeding episodes. The same analysis was 
performed for the secondary endpoint, post-discharge 
all-cause mortality.

Binary logistic regression was performed including 
the BLEED-MI model exclusively to obtain estimated 
probabilities of  significant bleeding event. Thereafter, 
the accuracy of  the score was analyzed through the Brier 
score[19]. Accuracy is a measure of  the average distance 
(residual) between the observed outcome and its pre-
dicted probability for each individual patient. A popular 
accuracy measure is the Brier score, which is the squared 
mean of  the residual values. The Brier score is sensitive 
to both discrimination as well as calibration of  the pre-
dicted probabilities and describes how well a particular 
model predicts the likelihood of  an outcome in an indi-
vidual patient (a score of  0.0 implies perfect prediction, 
while a Brier score of  0.25 suggests lack of  utility in end-
point prediction).

The overall tendency of  increasing event rates with 
increasing risk score was tested using chi-square for trend 
(gamma) and Kaplan-Meier curves were created in the 
validation sample to evaluate bleeding risk during follow-
up and overall event-free survival in each risk category.

Finally, comparison through ROC curve analysis and 
the integrated discrimination improvement index (IDI) 
was performed between the BLEED-MI model and the 
CRUSADE score[20]. The IDI, which may be seen as a 
continuous form of  the net reclassification improvement 
index, assesses improvement in risk discrimination by 
estimating the change in the difference in the mean pre-
dicted probabilities of  the outcome between those with 
and without the outcome in question. This comparison 
was performed in the validation sample only.

RESULTS
Baseline characteristics
Table 3 describes both study samples. Of  the 1050 
patients assigned to the derivation cohort, 91 (8.6%) 
died during hospitalization, 62 (6.2%) and 200 (21.8%) 
reached the primary and secondary endpoints during the 
19.9 ± 6.7 mo follow-up, respectively. Significant bleeding 
events occurred in 7.5% (n = 60) of  patients included in 
the validation cohort, while 15.6% (n = 124) reached the 
secondary outcome during a 13.4 ± 8.1 mo follow-up.

Fifteen point seven percent of  patients in the deriva-
tion sample were assigned to the low-risk category, while 
49.9% and 34.4% were included in the intermediate and 
high risk strata, respectively. Similarly, 22.9% of  patients 
in the validation sample were assigned to the low risk 
sub-group, while 39.4% and 37.7% were included in the 
intermediate and high risk categories, respectively.

Validation of BLEED-MI
Derivation sample: The P value for the Hosmer and 
Lemeshow goodness-of-fit test confirmed the good cali-
bration of  BLEED-MI model (P = 0.371), indicating that 
the overall model fit was good.

Incidence of  the primary and secondary endpoints 
according to risk category is reported on Table 4. 

Mean BLEED-MI score in patients reaching the pri-
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Table 2  Calculation of the BLEED-myocardial infarction score

Variable Points assigned

Age (yr)
   < 65 0
   65-74 1
   ≥ 75 2
GFR at admission (MDRD formula, mL/min) 
   ≥ 60 0
   30-59.9 1
   < 30 2
History of stroke or transient ischemic attack1

   No 0
   Yes 1
Heart failure during hospitalization2

   No 0
   Yes 1
History of hypertension
   No 0
   Yes 1
Antithrombotic therapy3

   1 agent 1
   2 agents 2
   3 agents 3
Hemoglobin at admission (g/dL)
   ≥ 12 0
   10-11.9 1
   < 10 2
Blood urea nitrogen at admission (mg/dL)
   < 10 0
   10-25 1
   > 25 2
History of major hemorrhage or bleeding event during hospitalization4

   No 0
   Yes 1
Smoking habits (until hospitalization)
   No 0
   Yes 1
History of diabetes mellitus
   No 0
   Yes 1

The BLEED-myocardial infarction (MI) score is obtained by summing all 
the points assigned for each predictor. 1Previous neurologic events were 
defined as history of sudden onset of a focal neurologic deficit in a location 
consistent with the territory of a major cerebral artery or the radiological 
documentation of previous cerebral infarction (irrespective of the pres-
ence/absence of symptoms); 2Heart failure was defined as a maximum 
Killip Class > 1 at any time during hospitalization. Therefore, it includes 
both patients with previous history of heart failure and those with de 
novo heart failure during hospitalization; 3Including anti-platelet agents 
(such as Acetylsalicylic Acid and Clopidogrel) and/or anticoagulants 
(such as Warfarin). At the time patients assigned to the derivation sample 
were admitted to our Acute Cardiac Care Unit, agents such as Prasugrel, 
Ticagrelor or Dabigatran were not available; 4History of major hemorrhage 
defined as previous non-fatal hemorrhagic stroke or history of serious 
bleeding requiring transfusion. Bleeding event during hospitalization rep-
resents the occurrence of a hemorrhagic episode during hospitalization for 
the MI index, as described for the primary endpoint, plus any significant 
bleeding event attributable to revascularization procedures (again, as de-
scribed for the primary endpoint). GFR: Glomerular filtration rate.

Barra S et al . BLEED-MI: Predicting bleeding events



mary endpoint was 7.9 ± 2.4 (vs 5.6 ± 2.2 for those with-
out significant hemorrhage, P < 0.001). Brier score analy-
sis using this model demonstrated a mean value of  0.061, 
which suggests a high predictive capacity within individual 
patients. BLEED-MI score’s discriminatory power was 
assessed by calculating the AUC for the occurrence of  sig-
nificant hemorrhagic events or the composite endpoint of  
post-discharge bleeding event plus all-cause mortality: (1) 
Bleeding event: AUC 0.753 ± 0.032, 95%CI: 0.690-0.816, 
P < 0.001; and (2) Composite endpoint: AUC 0.808 ± 
0.018, 95%CI: 0.772-0.844, P < 0.001.

A BLEED-MI score below 4 had a negative predic-
tive value of  99.2% for the occurrence of  a clinically 
significant hemorrhagic episode during follow-up and for 

the composite endpoint of  post-discharge hemorrhage 
plus all-cause mortality.

Incidence of  primary and secondary endpoints in-
creased progressively with increasing BLEED-MI scores, 
as shown in Table 5.

The BLEED-MI score predicted ischaemic events 
(non-fatal reinfarction and ischaemic stroke) with reason-
able, yet lower, discriminative performance (AUC 0.682 
± 0.028, 95%CI: 0.627-0.738, P < 0.001), suggesting a 
higher utility in the prediction of  bleeding. In addition, it 
was useful in the evaluation of  the net clinical risk (com-
posite of  death, non-fatal reinfarction, stroke and signifi-
cant bleeding): AUC 0.760 ± 0.018, 95%CI: 0.724-0.797, 
P < 0.001.

Validation sample: The Hosmer-Lemeshow test con-
firmed that there were no statistically significant differ-
ences between observed and expected post-discharge 
hemorrhages across risk groups (P = 0.444).

Incidence of  the primary and secondary endpoints 
according to risk category is reported on Table 6.

Mean BLEED-MI score in patients reaching the pri-
mary endpoint was 8.0 ± 2.7 (vs 5.8 ± 2.8 for those with-
out significant hemorrhage, P < 0.001). Brier score analy-
sis using this score demonstrated a mean value of  0.067, 
suggesting high predictive capacity within each individual 
patient. BLEED-MI score’s discriminatory power was as-
sessed by calculating the AUC for the occurrence of  sig-
nificant hemorrhagic events or the composite endpoint of  
post-discharge bleeding event plus all-cause mortality: (1) 
Bleeding event: AUC 0.718 ± 0.033, 95%CI: 0.652-0.783, 
P < 0.001; and (2) Composite endpoint: AUC 0.774 ± 
0.022, 95%CI: 0.731-0.818, P < 0.001.

A BLEED-MI score below 4 had a negative predic-
tive value of  98.9% for the occurrence of  a clinically 
significant hemorrhagic episode during follow-up and for 
the composite endpoint of  post-discharge hemorrhage 
plus all-cause mortality.

Incidence of  primary and secondary endpoints in-
creased progressively with increasing BLEED-MI scores, 
as shown in Table 5.

Kaplan-Meier curves illustrate the occurrence of  the 
primary endpoint during follow-up and event-free sur-
vival (Figure 1) according to risk-group stratification by 
the BLEED-MI model. As suggested in Figure 1A and 
Table 6 (which reveals number of  patients reaching the 
primary endpoint at different time points), all bleeding 
events in the low and intermediate risk categories oc-
curred in the first 12 mo, while hemorrhagic events in 
the high risk strata were strongly concentrated in the first 
trimester but otherwise seen until the end of  the second 
year of  follow-up. Figure 2 shows the curvilinear change 
in expected risk of  bleeding with increasing BLEED-MI 
scores (as mentioned before, Table 5 illustrates the actual 
risk of  bleeding in the validation sample).

In patients who did not die during follow-up, the 
BLEED-MI predicted bleeding with similar efficacy: 
AUC 0.703, Hosmer-Lemeshow test P value 0.547, Brier 
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Table 3  Description of derivation and validation samples

Characteristic Derivation sample 
(n  = 1050)

Validation sample 
(n  = 852)

Age (yr) 67.9 ± 13.5 67.9 ± 13.6
Male gender 686 (64.7) 578 (68.0)
Type of myocardial infarction
   STEMI           42.1%           38.8%
   NSTEMI           57.9%           61.2%
Diabetes mellitus 380 (35.9) 266 (31.2)
Previous hypertension 796 (75.2) 631 (74.2)
Hyperlipidemia      59629 (56.3) 475 (59.6)
Smoking habits 287 (27.1) 281 (33.1)
Previously known coronary 
disease

283 (26.7) 243 (28.6)

History of stroke/TIA 94 (9.0) 77 (9.1)
Atrial fibrillation at admission 144 (13.7)   99 (12.4)
Admission killip class         1.40 ± 0.6 1.36 ± 0.7
Maximum killip class         1.56 ± 0.8 1.46 ± 0.8
Average number of vessels with 
significant lesions

1.60 ± 0.97    1.54 ± 0.99

GFR at admission 68.6 ± 38.4 72.6 ± 32.0
BUN at admission (mmol/L) 9.58 ± 6.81 8.85 ± 6.20
Hemoglobin at admission 
(mg/dL)

        13.3 ± 2.1 13.8 ± 6.14

NT-proBNP at admission (ng/L)        4202 ± 13400   6393 ± 15950
Submitted to revascularization 
procedures

645 (61.4) 663 (77.8)

Clinically significant bleeding 
during hospitalization

87 (8.3) 55 (6.5)

Average GRACE score for 
intrahospital mortality

153.9 (P25 124; 
P50 151; P75 179)

145.6 (P25 114; 
P50 143; P75 173)

Average GRACE score for 6-mo 
mortality

128.0 (P25 102; 
P50 125; P75 149)

121.0 (P25 94; 
P50 118; P75 145)

Moderate-severe left ventricular 
systolic dysfunction

19.50% 23.00%

Discharged on dual anti-platelet 
therapy

818 (89.2) 723 (90.6)

Discharged on anticoagulant 
treatment

36 (3.9) 37 (4.6)

Intrahospital mortality           8.60%           6.10%
Post-discharge mortality (mo) 165 (16.5) (Follow-

up: 19.9 ± 6.7)
88 (11.0) (Follow-

up: 13.4 ± 8.1)
Bleeding events during 
follow-up (mo)

62 (6.8) (Follow-up: 
19.9 ± 6.7)

60 (7.5) (Follow-
up: 13.4 ± 8.1)

Data are expressed as absolute numbers (percentage) or mean ± SD. TIA: 
Transient ischaemic attack; BUN: Blood urea nitrogen; CRP: C-reactive 
protein; NSTEMI: Non-ST elevation myocardial infarction; STEMI: ST el-
evation myocardial infarction.
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score 0.060. Low-risk (BLEED-MI score 0-3) event rate: 
1.2%; intermediate risk (score 4-6) event rate: 5.6%; high 
risk (score ≥ 7) event rate: 12.5%. In patients who died 

during follow-up, no clinically significant non-fatal bleed-
ing event occurred in patients assigned to BLEED-MI 
low and intermediate risk categories, while BLEED-MI 
high risk patients had a 20.7% bleeding rate.

The BLEED-MI model was superior to the CRU-
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Table 4  Hemorrhagic and combined event rates according to the BLEED-myocardial infarction score risk-group stratification

Category Low risk Intermediate risk High risk Gamma for trend P  value

Clinically significant bleeding events
   Derivation cohort (follow-up: 19.9 ± 6.7 mo) Incidence 0.80%   3.40% 14.40% 0.70 ± 0.08 < 0.001
   Validation cohort (follow-up: 13.4 ± 8.1 mo) Incidence 1.30%   5.00% 14.10% 0.61 ± 0.08 < 0.001
Composite endpoint (bleeding + all-cause mortality) 
   Derivation cohort (follow-up: 19.9 ± 6.7 mo) Incidence 3.10% 11.40% 45.70% 0.76 ± 0.04 < 0.001
   Validation cohort (follow-up: 13.4 ± 8.1 mo) Incidence 1.30%   9.30% 31.30% 0.73 ± 0.05 < 0.001

Figure 1  Kaplan-Meier curves illustrating. A: The occurrence of significant bleeding events during follow-up in the validation sample according to risk-group stratifi-
cation; B: Event-free survival in the validation sample according to risk-group stratification.
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Table 5  Primary and secondary endpoint event rates 
according to the BLEED-myocardial infarction score

Sample BLEED-MI 
score

Bleeding event 
rate

Composite endpoint 
event rate

Derivation sample 0-1   0.80%   3.10%
2-3   2.70% 10.00%
4-5   7.90% 19.10%
6-7 13.60% 50.40%
8-9 20.00% 65.90%

10-11 25.00% 71.40%
   Gamma for trend 0.60 ± 0.07 0.70 ± 0.04
   P value  < 0.001       < 0.001
Validation sample 0-1   0.00%   0.00%

2-3   1.20%   1.80%
4-5   5.40%   8.80%
6-7   6.50% 16.10%
8-9 13.90% 25.70%

10-11 17.80% 39.70%
12-13 23.10% 48.00%
14-15 - 60.00%

   Gamma for trend 0.52 ± 0.07 0.63 ± 0.05
   P value  < 0.001       < 0.001

MI: Myocardial infarction.
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Figure 2  Curvilinear change in expected risk of bleeding with increasing 
BLEED-myocardial infarction scores (Table 5 illustrates the actual risk of 
bleeding with increasing BLEED-myocardial infarction scores).
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Time (mo) Low risk Intermediate risk High risk

0-3 1 4 21
4-6 0 5 3
7-9 1 4 6
10-12 0 3 4
13-15 0 0 3
16-18 0 0 0
19-21 0 0 1
22-24 0 0 1

for the prediction of  post-discharge bleeding was recently 
and preliminarily evaluated in a contemporary cohort of  
patients with acute coronary syndrome. It showed good 
calibration and reasonable discriminative performance (c-
statistic values of  0.65 in the whole population (1548 pa-
tients), 0.63 for those without coronary revascularization 
and 0.67 for those treated with PCI[23].

All risk factors included in the BLEED-MI score 
have been demonstrated before to predict hemorrhagic 
risk in different or similar clinical contexts: (1) Smoking 
increases the risk of  hemorrhagic stroke both in men[24] 
and women[25], with a graded increase in risk proportional 
to how many cigarettes are smoked, and is also consid-
ered a risk factor for bleeding and perforated peptic ul-
cers[26]. The REACH risk score, developed for evaluation 
of  the risk of  hemorrhagic episodes in stable outpatients 
with or at risk of  atherothrombosis, included “smoking” 
as one of  its variables[22]; (2) A recently published popu-
lation-based cohort study demonstrated diabetes mellitus 
was independently associated with an increased risk of  
major bleeding episodes[27]. The CRUSADE Bleeding 
score, developed for the prediction of  inhospital major 
bleeding, incorporates Diabetes[21]. The REACH risk 
score included diabetes mellitus as well[22]; (3) Age, history 
of  stroke, bleeding history or predisposition and arterial 
hypertension have been included in the HAS-BLED[28] 
and HEMORR2HAGES risk scores[21], created for the 
prediction of  bleeding events in patients with atrial fibril-
lation. Age, hypertension and history of  stroke are also 
among the nine-item REACH risk score[22]; (4) The as-
sociation between renal dysfunction and bleeding is well 
documented[7,21,29-31], although a complete understanding 
of  the underlying patophysiology is still lacking. Impaired 
platelet function, uremic toxins and anemia are some of  
the determinants of  uremic bleeding. Renal dysfunction 
is also a predictor of  hemorrhagic episodes in patients 
with atrial fibrillation, justifying its inclusion in HAS-
BLED (defined as the presence of  chronic dialysis or re-
nal transplantation or serum creatinine ≥ 200 μmol/L)[28] 
and HEMORR2HAGES (defined as a creatinine clear-
ance < 30 mL/min)[21] risk scores; and (5) A low baseline 
haemoglobin level is an independent predictor of  the 
risk of  major bleeding in ACS as well as of  the risk of  
death[32]. Some authors have proposed a reverse J-shaped 
relationship between baseline hemoglobin values and 
major adverse cardiovascular events[33], but whether this 
J-shaped relationship applies to bleeding events as well is 
still unknown.

Some risk factors for bleeding previously identified 
in studies of  hospitalized patients were not included in 
this outpatient score. For example, type of  MI (STEMI vs 
NSTEMI) and anthropometric variables such as weight 
and body mass index did not help predict hemorrhagic 
episodes in univariate analysis and were therefore exclud-
ed from the model. This decision was substantiated by 
the lack of  studies demonstrating a potential association 
between the type of  MI and mid to long-term hemor-
rhagic risk and the fact that the inclusion of  anthropo-
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SADE score in the prediction of  post-discharge mid-
term bleeding events (AUC 7.18 ± 0.033 vs AUC 0.696 ± 
0.036, respectively). The IDI and relative IDI were 0.024 
and 15.6%, respectively, translating significant improve-
ment in risk classification. BLEED-MI was also more 
effective in predicting inhospital major hemorrhage when 
both scores were calculated at admission (AUC 7.19 ± 
0.032 vs AUC 0.642 ± 0.038, respectively).

The BLEED-MI score predicted ischaemic events 
(non-fatal reinfarction and ischaemic stroke) with reason-
able, yet lower, discriminative performance (AUC 0.670 
± 0.029, 95%CI: 0.612-0.727, P < 0.001), suggesting a 
higher utility in the prediction of  bleeding, similar to 
what had been reported in the derivation sample. In ad-
dition, it was useful in the evaluation of  the net clinical 
risk (composite of  death, non-fatal reinfarction, stroke 
and significant bleeding): AUC 0.736 ± 0.020, 95%CI: 
0.696-0.776, P < 0.001.

DISCUSSION
We have derived and preliminarily validate a new bedside 
prediction-scoring model for clinically significant bleed-
ing events following discharge for acute MI. The score is 
easy to use and comprises clinical and analytical items that 
can be collected in a few minutes. The BLEED-MI rule 
showed good calibration, accuracy and discriminative per-
formance for predicting post-discharge hemorrhagic epi-
sodes and a composite endpoint of  bleeding events plus 
all-cause mortality. Importantly, an accurate prediction of  
bleeding events was shown independently of  mortality. 
Furthermore, a progressively increasing risk of  the pri-
mary and secondary endpoints was seen with increasing 
BLEED-MI scores and our results suggested a very high 
capability of  the BLEED-MI rule in identifying low-risk 
patients, which may be of  particular clinical utility.

To the best of  our knowledge, this is the first score 
designed to predict mid-term hemorrhagic risk in patients 
discharged following admission for acute MI. Other risk 
scores have been developed to evaluate bleeding risk, 
but they were designed for patients with atrial fibrillation 
on oral anticoagulants[21], for the prediction of  inhospi-
tal hemorrhages in individuals with ACS[20] or following 
percutaneous coronary interventions[15], or for stable out-
patients with or at risk or atherothrombosis-the REACH 
score[22]. The utility and reliability of  the REACH score 

Table 6  Number of patients reaching the primary endpoint 
in the validation sample at different time points
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metric variables or “type of  MI” considerably lowered 
the c-statistic for post-discharge bleed prediction in both 
the derivation and validation samples.

The BLEED-MI model can accurately predict post-
discharge bleeding events when it is calculated at the 
patient’s admission, before treatment decisions that affect 
outcome are made. However, as the occurrence of  heart 
failure or bleeding events during hospitalization and the 
type of  antithrombotic therapies prescribed at discharge 
are also strong predictors of  post-discharge bleed-
ing events, they were incorporated in the score as well. 
Therefore, the BLEED-MI may be calculated any time 
during hospitalization, depending on the clinical progress 
and potential complications such as heart failure or sig-
nificant bleeding. 

Depending on its potential external validation in 
larger cohorts of  patients, the BLEED-MI score may 
eventually help tailor therapeutic decisions, which include 
the choice of  invasive vs conservative strategies, the selec-
tion of  the most appropriate revascularization modality 
or stent, the prescription of  long-term dual-antiplatelet 
therapy or anti-coagulation or the selection of  the best 
candidates for gastroprotection with proton pump inhibi-
tors. Beyond its potential value in ascertaining relative 
changes in the risk of  bleeding depending on the choice 
of  therapy by including anti-coagulation and anti-platelet 
therapy in its construction, the BLEED-MI score helps 
estimate the baseline risk for future treatment decisions.

The c-statistic of  BLEED-MI for predicting post-dis-
charge hemorrhage might not be considered particularly 
impressive. However, performance of  a score is evalu-
ated by its discrimination, accuracy and calibration, which 
were rather good in both the derivation and validation 
samples. Even so, our c-statistic (0.753 in the derivation 
cohort, 0.718 in the validation sample) was higher than 
that of  the CRUSADE (0.71)[20], HEMORR2HAGES 
(0.67)[21], TIMI (0.65)[17] and REACH (0.68)[22] risk scores, 
and similar to the c-statistic of  the HAS-BLED model[28].

Additional considerations concerning the second-
ary endpoint must be stated. Patients at risk for bleeding 
events are also at higher post-discharge mortality risk. 
Although the BLEED-MI model predicted bleeding in-
dependently of  mortality, major bleeding also identifies 
patients with an underlying risk for mortality. The true 
incidence of  hemorrhagic events may be underestimated, 
as patients at higher hemorrhagic risk may die before ac-
tually having a significant hemorrhage. Also, some deaths 
could have been caused by a severe bleed. However, as 
many patients were not autopsied, it is impossible to 
know whether a bleeding event was responsible for the 
death. Therefore, we considered important to test the 
BLEED-MI rule as a predictor of  a composite endpoint 
of  significant bleed plus all-cause mortality. Our model 
performed even better for this particular endpoint, which 
reinforces its clinical applicability.

Limitations of this study
The moderate size of  our derivation and validation 

samples should be considered the main limitation of  
this study. In fact, the relatively low absolute number of  
bleeding events during follow-up (62 in the derivation 
cohort, 60 in the validation sample) and the low event-
per-variable ratio posing the risk of  over-fitting[34] rein-
forces the need for external validation in larger cohorts 
of  patients. However, as no other post-discharge mid-
term hemorrhage prediction score has been developed to 
this date, a comparison between derivation cohorts is not 
possible.

Another limitation of  this investigation concerns the 
different lengths of  follow-up in the derivation (19.9 ± 
6.7 mo) and validation (13.4 ± 8.1 mo) samples, which 
was due to the later admission to our hospital of  patients 
assigned to the validation cohort. This explains why post-
discharge mortality rate was slightly higher in the deriva-
tion sample compared to the validation cohort. However, 
this limitation is mitigated by the fact that the majority of  
hemorrhagic episodes occurred in the first year following 
the MI index (as expected). Also, as most patients stop 
dual anti-platelet therapy at the end of  the 12th month, 
their bleeding risk is very likely to decrease. Considering 
the length of  follow-up in the derivation sample was > 1 
full year, this limitation did not significantly influence the 
validation of  the model.

An internationally accepted, meaningful and stan-
dardized approach for reporting bleeding events is lack-
ing. A fixed definition may not work for all disease states 
throughout ACS and percutaneous revascularization 
procedures. Definitions of  bleeding overlap to a degree 
but still differ substantially, which may lead to markedly 
different conclusions regarding incidence of  hemorrhagic 
episodes, predictors and magnitude of  short- and long-
term prognostic impact. The clinically important goal of  
identifying patients at very low or high risk of  post-dis-
charge bleeding events increases the need for standard-
ized bleeding definitions. The definition of  significant 
hemorrhagic events used in this study partially overlaps 
with those of  the TIMI[17] and GUSTO[18] trials, but it is 
unclear whether these definitions remain clinically rel-
evant in the era of  routine PCI and aggressive antithrom-
botic therapy[35]. This should be considered a limitation 
of  the present investigation. Also, our study and model 
is not yet powered to prediction of  clinically significant 
hemorrhages according to severity (life-threatening vs 
moderate episodes), due to the overall low number of  
events in each isolated category.

Recurrent bleeds were not counted and minor bleed-
ing during follow-up was not systematically assessed. 
This could be viewed as a limitation of  the present study, 
as minor bleeding also affects quality of  life and increases 
health care costs.

A lower rate of  revascularization was reported in the 
derivation group (61% vs 78%), which adds some imbal-
ance to our study populations and may have affected sta-
tistical analysis.

Furthermore, although we validated the BLEED-MI 
score in an independent patient sample and demonstrated 
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its overall applicability, internal validation cannot control 
for unrecognized biases in different institutions. This 
model should be externally validated in larger cohorts of  
patients, preferably involving multicentre and prospective 
registries, before its potential implementation. As external 
validation requires a second large population for whom 
all necessary data and long-term outcomes are available, 
we encourage other institutions to test our score in their 
populations.

In conclusion, a new risk score for predicting post-
discharge mid-term hemorrhagic risk has been derived 
and preliminarily validated in an independent patient 
sample. The BLEED-MI model has good calibration, ac-
curacy and discriminatory performance in the prediction 
of  bleeding events or a composite endpoint of  bleeding 
plus all-cause mortality. As it is both easy to use and easy 
to calculate from routinely available clinical data, it may 
eventually help clinicians take the most appropriate thera-
peutic decisions in patients with a MI. Nevertheless, the 
BLEED-MI score needs external validation in larger co-
horts of  patients before its potential implementation. We 
encourage other investigators or institutions to test our 
model in their patients. 

COMMENTS
Background
Bleeding has emerged as a predictor of early and late mortality in patients with 
a myocardial infarction (MI). However, prediction of mid- to long-term haemor-
rhagic risk following an acute coronary syndrome has received scarce atten-
tion, as, to this date, no risk score has been developed for this purpose. In the 
context of bleeding assessment, evidence-based decision making should lead 
to selection of appropriate pharmacologic and non-pharmacologic treatments, 
invasive or conservative strategies that may offer the best balance of benefit 
and risk. The identification of those patients at highest hemorrhagic risk allows 
application of more aggressive preventive strategies and potential optimization 
of outcomes.
Research frontiers
Haemorrhagic events predict early and late mortality in most cardiovascular 
conditions. Several risk scores have been developed for the prediction of bleed-
ing risk in different clinical contexts. In the area of prediction of bleeding risk in 
patients with a MI, the research hotspot is how to identify those patients at high-
est haemorrhagic risk who could eventually benefit from a more conservative 
strategy regarding revascularization and antithrombotic therapy, and those indi-
viduals at lower bleeding risk who may be safely submitted to more aggressive 
antithrombotic treatment. Optimization of outcomes through efficient thrombotic 
and haemorrhagic risk stratification is a major research field.
Innovations and breakthroughs
This is the first score designed to predict mid-term hemorrhagic risk in patients 
discharged following admission for acute MI. Their new bedside prediction-scor-
ing model is easy to use and comprises clinical and analytical items that can 
be collected in a few minutes. It has shown to be reliable and accurate in the 
prediction of post-discharge hemorrhagic episodes and a composite endpoint of 
bleeding events plus all-cause mortality. Importantly, an accurate prediction of 
bleeding events was shown independently of mortality. Furthermore, a progres-
sively increasing risk of the primary and secondary endpoints was seen with 
increasing BLEED-MI scores and our results suggested a very high capability 
of the BLEED-MI rule in identifying low-risk patients, which may be of particular 
clinical utility. The BLEED-MI model’s c-statistic (0.753 in the derivation cohort, 
0.718 in the validation sample) was higher than that of the CRUSADE (0.71), 
HEMORR2HAGES (0.67), TIMI (0.65) and REACH (0.68) risk scores in their re-
spective clinical contexts, and similar to the c-statistic of the HAS-BLED model.
Applications
Depending on its potential external validation in larger cohorts of patients, the 

BLEED-MI score may eventually help tailor therapeutic decisions, which include 
the choice of invasive vs conservative strategies, the selection of the most ap-
propriate revascularization modality or stent, the prescription of long-term dual-
antiplatelet therapy or anti-coagulation or the selection of the best candidates 
for gastroprotection with proton pump inhibitors. Beyond its potential value in 
ascertaining relative changes in the risk of bleeding depending on the choice of 
therapy by including anti-coagulation and anti-platelet therapy in its construc-
tion, the BLEED-MI score may help estimate the baseline risk for future treat-
ment decisions.
Terminology
The definition of significant hemorrhagic events used in this study partially 
overlaps with those of the TIMI and GUSTO trials. Therefore, clinically sig-
nificant hemorrhage included any major, severe or life-threatening bleeding 
event, namely those at intracerebral location, those resulting in substantial 
hemodynamic compromise requiring treatment or in reduction of hemoglobin of 
5 g/dL or more (or > 15% in hematocrit). They also included moderate bleed-
ing, defined by the need for transfusion, a drop in hemoglobin of 3-5 g/dL (or in 
hematocrit from 10% to 15%) from previous blood tests to the time of admission, 
the occurrence of spontaneous gross hematuria or hematemesis even in the 
absence of hemoglobin drop higher than 3 g/dL, or unobserved loss of 4 g/dL or 
more in hemoglobin.
Peer review
This is an interesting study developing and validating a novel risk score for 
post-discharge bleeding in patients with acute MI.
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