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ABSTRACT
Background: Various risk scores are used to predict the bleeding risk in patients with the acute
coronary syndrome (ACS), including ACTION, CRUSADE, and MEHRAN. The purpose of
the present study was to compare the accuracy of these 3 risk scores in the prediction of the
bleeding risk in patients with the ACS.
Methods: We studied 745 consecutive patients with the ACS undergoing coronary arteriography and
calculated the ACTION, CRUSADE, and MEHRAN bleeding risk scores for all the patients.
Then, we compared their prediction accuracy for major bleeding events and serious (major or
minor) bleeding episodes with C-statistics.
Results: The majority of the patients (72.6%) had non–ST-elevation myocardial infarction (NSTEMI),
and the others (25.4%) had STEMI. The mean age of the patients was 62.55±12.12 years, and
62.4% were male. Bleeding complications were reported in 141 (18.9%) patients, with the
catheterization site being the most frequent site of bleeding. The major bleeding rate was
predicted in 29.1%, 28.4%, and 4.8% of the patients according to the CRUSADE, MEHRAN,
and ACTION risk scores, respectively. The C-index values (AUC) for the ACTION,
MEHRAN, and CRUSADE risk scores were 0.6182, 0.5413, and 0.6185, respectively. Pairwise
comparisons between the scores showed no statistically significant differences in the
discriminatory power between the ACTION and the CRUSADE (P=0.970); however, the
differences between the CRUSADE and the MEHRAN (P=0.051) or between the ACTION and
the MEHRAN (P=0.053) were near to significant.
Conclusions: The bleeding risk score was predicted accurately by the ACTION, CRUSADE, and
MEHRAN risk scores without significant differences among the 3 risk scores in our patients
with the ACS undergoing coronary arteriography. These results showed that the predictive
power was not excellent in any of the 3 risk scores. (Iranian Heart Journal 2019; 20(1):6-14)
KEYWORDS: Acute coronary syndrome, Bleeding, Risk score
1
3

Department of Cardiology, Yazd Cardiovascular Research Center, Shahid Sadoughi University of Medical Sciences, Yazd, IR Iran.
Department of Radiology, Faculty of Medicine, Shahid Sadoughi University of Medical Sciences, Yazd, IR Iran.

*Corresponding author: Seyed Ali Sadr Bafghi, MD; Cardiologist, Shahid Sadoughi University of Medical Sciences, Yazd, IR Iran.
Email: aalissadr@gmail.com
Tel: 09131511010
Received: April 30, 2018

6

Accepted: July 20, 2018



T

he acute coronary syndrome (ACS) is a
critical manifestation of coronary artery
disease and underlies acute myocardial
ischemia. The ACS encompasses a wide range
of diseases such as unstable angina, STelevation myocardial infarction (STEMI), and
non–ST-elevation ACS (NSTEACS) and is
responsible for at least one-third of overall
mortality 1-3 with a prevalence of over 15.5
million in American adults. 4,5
The main treatment of the ACS varies from
supportive to invasive therapy, depending on
the patient’s condition, and includes anticoagulant therapy (heparin and enoxaparin),
fibrinolytics (alteplase and tenecteplase),
percutaneous coronary intervention (PCI), and
angiography. Antithrombotic and antiplatelet
drug therapies such as aspirin or glycoprotein
IIb/IIIa inhibitors are also used to target the
pathophysiology of atherosclerosis plaque
formation, activated by platelet aggregation, 6
which can decrease the ischemic complications
of interventions like PCI and angiography. 7
Despite the significant and favorable effects of
antithrombotics on reducing the mortality risk
in the ACS, they are associated with a higher
risk of bleeding, which may deteriorate the
patient’s prognosis. 8
Bleeding is the most important non-thrombotic
complication associated with the ACS.
Bleeding is mainly caused by antithrombotic
treatments and can be life-threatening or cause
severe complications for the patient. 9,10
Additionally,
bleeding
leads
to
the
discontinuation of antithrombotic treatments,
which can interfere with the patient’s treatment
course. 11 Accordingly, patients with the ACS
should be categorized and patients at a higher
risk for bleeding should be identified in order
that the most appropriate treatment strategy for
each patient can be selected individually. 12
Various studies have been conducted to predict
the risk of bleeding in patients with the ACS.
These studies have suggested different risk
scores such as the CRUSADE (Can Rapid Risk
Stratification of Unstable Angina Patients

Suppress Adverse Outcomes With Early
Implementation of ACC/AHA [American
College of Cardiology/American Heart
Association] Guidelines), 13 the ACTION
(Acute Coronary Treatment and Intervention
Outcomes Network), 14 the ACUITY (Acute
Catheterization and Urgent Intervention Triage
strategy) justified by Mehran and colleagues,
15,16
and the GRACE (Global Registry of Acute
Coronary Events). 17 Nonetheless, it is not yet
clear which classification is the best and should
be used in all patients. Comparisons of the
CRUSADE,
ACTION,
and
ACUITY/
MEHRAN risk scores have shown the
superiority of each classification in different
patient settings, including STEMI and
NSTEACS, in angiography.18
Considering the current dearth of data on the
incidence and severity of bleeding in patients
using antithrombotics in our country, the
present study aimed to compare the predictive
power of the CRUSADE, ACTION, and
ACUITY criteria in patients with the ACS with
a view to determining the best risk score for the
classification of patients’ bleeding risk.
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METHODS
The current prospective observational study
was conducted on 800 patients with suspected
ACS undergoing coronary arteriography
between July 2015 and March 2016 in Afshar
Hospital, Yazd, Iran. The study was approved
by the Ethics Committee of Afshar Hospital
and Shahid Sadoughi University of Medical
Sciences in the Iranian province of Yazd.
Patients were included in the study based on the
following inclusion criteria: entrance to the
hospital with sudden symptoms consistent with
cardiac ischemia, with at least 1 of the
following:
increased
cardiac
markers,
electrocardiographic (ECG) changes suggesting
the ACS, the result of the stress test indicating
ischemia, a history of coronary artery disease,
and the result of angiography indicating
stenoses of greater than 50%. Patients were
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excluded from the study in case of death during
the first 24 hours of admission or the
occurrence of the ACS by trauma, surgery,
sepsis, or hospitalization.
The information was collected by a single
physician, who visited the patients upon their
admission into the hospital and completed the
study checklist for all the eligible patients and
followed them until discharge. The checklist
comprised demographic data (age, sex, and
weight); medical history of diseases (eg,
diabetes mellitus, hypertension, peripheral
vascular diseases, stroke, MI, and heart failure);
history of PCI, coronary artery bypass graft
surgery, and dialysis; the records of all
medications used (eg, aspirin and oral
antithrombotics); the results of physical
examinations (eg, the heart rate and the
systolic/diastolic blood pressure); and clinical
and laboratory findings (eg, the serum levels of
leukocytes, hemoglobin, hematocrit, troponin,
creatinine, and the glomerular filtration rate).
The patients were divided into 2 groups:
STEMI and NSTEACS (NSTEMI and unstable
angina).
The study end point was considered to be the
incidence of bleeding and its severity.
According to this aim, for each patient, 3
bleeding risk scores—namely the ACTION, the
CRUSADE,
and
the
ACUITY—were
calculated
via
the
patients’
clinical
characteristics.
The CRUSADE criteria consider major
bleeding
as
intracerebral
bleeding,
retroperitoneal bleeding, hematocrit levels
exceeding 12% lower than the baseline value,
any blood transfusion with a baseline
hematocrit level of less than 28%, or any type
of red blood cell transfusion with a baseline
hematocrit level of greater than 28%. Minor
bleeding was considered to be a clinically
important bleeding that did not fit into the
definitions of major bleeding. 13 Major bleeding
according to the ACUITY or MEHRAN criteria
is considered to be a bleeding that involves the
brain or when there is ocular bleeding; bleeding

that requires invasive examination to find the
bleeding site; hematoma greater than 5
centimeters; a hemoglobin level of less than 4
g/dL without an obvious bleeding site; or a
reduction of 3 g/dL in the hemoglobin level
with an obvious bleeding site requiring resurgery or blood transfusions. Minor bleeding
was considered clinically important when it did
fit into the definitions of major bleeding. 15,16
Statistical Analysis
All the statistical analyses were performed
using IBM SPSS 23.0 and STATA 11.
Frequencies (percentages) and means (standard
deviations) were used to present the qualitative
and quantitative variables, respectively.
For the prediction of major bleeding, the
predictive power of all the criteria was
determined with C-statistics. To that end, the
receiver operating characteristic (ROC) curve
was used to calculate the area under the curve
(AUC). An AUC of 0.5 is a non-informative
result; an AUC of more than 0.5 and 0.7 or less
is less accurate; an AUC of more than 0.7 and
0.9 or less is moderately accurate; an AUC of
more than 0.9 and less than 1 is highly accurate;
and an AUC of 1 is a perfect test. 33 Ultimately,
all the AUCs of the 3 criteria were compared to
each other using the STATA 11 Software. Five
risk categories (ie, very low, low, moderate,
high, and very high) were considered for the
ACTION and CRUSADE scores and 4 risk
categories (ie, low, moderate, high, and very
high) were considered for the MEHRAN score.
A P value of less than 0.05 was considered
statistically significant.
RESULTS
Baseline Characteristics
This prospective study recruited 800 patients;
the response rate was 93% (745/800).
According to Table 1, the mean age and weight
of the participants were 62.55±12.12 (range:
24–91) years and 71.31±12.92 (range: 40–135)
kg. Males accounted for the majority of the



study population (62.4%). From the perspective
of the ACS type, 72.6% of the patients had
NSTEMI and only 25.4% had STEMI. Apropos
the history of diseases, the highest numbers
were related to diabetes mellitus (38%),
hypertension (20.1%), and coronary artery
bypass graft surgery (14.1%), respectively.
With respect to the complete blood count
components, the mean hematocrit and

hemoglobin levels were 40.79±4.91 and
13.54±1.95, correspondingly. The systolic/
diastolic blood pressures of the patients had a
mean of 132.29/79.08 mm Hg. According to
the Killip criteria, the majority of the patients
(80.1%) were Class I and 15.1% were Class II
(Table 1).
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Table 1. Clinical characteristics and in-hospital management of the study population
Variable
Patients (N=745)
Age
Y
62.55 ± 12.12
(range: 24-91)
Weight
Kg
71.31 ± 12.92
(range: 40-135)
Male
465 (62.4%)
Gender
Female
280 (37.5%)
ST-elevation MI
189 (25.4%)
Type of ACS
Non–ST-elevation MI
541 (72.6%)
Stroke
12 (1.6%)
Diabetes mellitus
283 (38%)
Peripheral vascular disease
1 (0.1%)
History of diseases Myocardial infarction
52 (7%)
Heart failure
7 (0.9%)
Coronary artery bypass graft
105 (14.1%)
Hypertension
150 (20.1%)
Hematocrit
40.79 ± 4.91
(range: 23.7-65.7)
Hemoglobin
13.54 ± 1.95
(range: 6.7-23.2)
Serum levels
White blood cell count
3.53 ± 8.7
(range: 2.9-43.1)
Creatinine
1.25 ± 0.59
(range: 0.5-10.5)
Diastolic
79.08±16.64
Blood pressure
Systolic
132.29 ± 21.85
I
598 (80.1%)
II
112 (15.1%)
Killip class
III
32 (4.3%)
IV
4 (0.5%)
ACS, Acute coronary syndrome; MI, Myocardial infarction

Incidence of Bleeding
Of all the patients, 81.1% experienced no
bleeding and only 18.9% experienced the

incidence of bleeding. The catheterization site
was the most frequent site of bleeding (106
from 141 patients) (Table 2).

Table2. Bleeding complications in the patients
Bleeding Complication
Freq.
No
604
Yes
141
Bleeding Site
Upper gastrointestinal
10
Catheterization site
106
Hematuria
10
Melena
10
Hemoptysis
2
Hematuria with melena
2
Epistaxis
1

%
81.1%
18.9%
1.3%
14.2%
1.3%
1.3%
0.3%
0.3%
0.1%
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Risk Assessment of Bleeding
According to the CRUSADE criteria, 15.8%,
25.8%, 29.8%, 20.5%, and 8.6% of the patients
were at very low, low, moderate, high, and very
high-risk categories of bleeding. The
MEHRAN criteria showed that a total of 0%,
32.8%, 28.5%, 20.3%, and 18.1% of the
patients belonged to the very low, low,
moderate, high, and very high-risk categories of
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the bleeding risk, respectively. Nonetheless,
according to the ACTION criteria, these rates
were 8.2%, 44.3%, 34.9%, 4.7%, and 0.1% of
the patients, correspondingly (Fig. 1). Thus, the
major bleeding rate was predicted in 29.1%,
28.4%, and 4.8% of the study population
according to the CRUSADE, MEHRAN, and
ACTION risk scores, respectively.

Figure 1. Prediction of the risk of bleeding according to the CRUSADE, MEHRAN, and ACTION criteria

Predictive Power
The discrimination capability of the risk scores
for predicting complications is depicted in
Table 3. The C-index values (AUC) for the
ACTION, MEHRAN, and CRUSADE criteria
were 0.6182 (95% CI: 0.532 to 0.701), 0.5413
(95% CI: 0.461 to 0.612), and 0.6185 (95% CI:
0.529 to 0.703), respectively. The highest Cindex values were found in the CRUSADE and
then the ACTION, with a very small difference
between them. The C-index value of the
MEHRAN criteria was the lowest of the 3 risk
scores (Table 3 & Fig. 2). These values showed
that the predictive power was not excellent in
any of the 3 risk scores (Fig. 3). Figure 3
demonstrates the actual bleeding rate versus the
predicted one according to each bleeding rate
score. The highest predicted bleeding rate by
the CRUSADE criteria was mild in the no
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bleeding and minor bleeding categories and
severe in the major bleeding category. The
highest predicted bleeding rate by the
MEHRAN criteria was moderate in the no,
minor, and major bleeding categories.
Nevertheless, the highest predicted bleeding
rate by the ACTION criteria was mild in all the
3 bleeding categories.
A comparison of the AUC of the 3 scores
yielded no statistically significant differences in
the discriminatory power between the ACTION
and the CRUSADE (P=0.970), whereas the
differences between the CRUSADE and the
MEHRAN (P=0.051) and between the
MEHRAN and the ACTION (P=0.053) were
very close to statistical significance (Table 3).
The differences between the 3 risk scores
remained nonsignificant after the classification
of the patients based STEMI or NSTEMI ACS.
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Table 3. Comparisons of the discriminative power of the of the 3 risk scores for
Predicting bleeding according to the area under the ROC curve
Score
AUC
(95% CI)
CRUSADE
0.6185
(0.529-0.703)
MEHRAN
0.5413
(0.461-0.612)
ACTION
0.6182
(0.532-0.701)
P=0.051
CRUSADE vs MEHRAN
P=0.970
CRUSADE vs ACTION
P=0.053
MEHRAN vs ACTION
ROC, Receiver operating characteristic curve; AUC, Area under the curve
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Figure 2. Receiver operating characteristic curves of the A: ACTION, B: MEHRAN,
and C: CRUSADE criteria for the prediction of major bleeding

Figure 3. Predicted frequency of bleeding based on the 3 criteria with regard to the actual categories of the patients

DISCUSSION
The findings of the present study showed that
the predictive power in none of the 3 risk scores
was excellent and none was superior to the
others. The AUC of the CRUSADE criteria was
slightly greater than that of the other 2 criteria,
although our pairwise comparisons did not
show any statistically significant differences.

The appropriate performance of these 3 risk
scores has been reported previously; still, the
difference between the CRUSADE and
ACTION criteria have been reported to be
statistically significant, indicating a higher
accuracy of these 2 criteria in predicting
bleeding in all types of the ACS. 18 Similarly, in
the present study, the C-statistics of the
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MEHRAN criteria was 0.541 and those of the
CRUSADE and ACTION criteria were 0.618,
while our statistical analyses showed no
differences. A comparison of the C-statistics in
the present study with those in previous studies
18-20
indicates high C-values for major bleeding
by comparison with our study. Our regression
analysis and C-statistics showed that the input
of the initial variables into the model could not
predict the possibility of bleeding well, which
might be due to the bias effect of variations in
the baseline characteristics of the patients.
The difference between the 3 criteria in the
present study was not statistically significant,
even after we divided patients into STEMI and
NSTEACS groups, while in previous studies
the predictive power was more significant in
patients with STEMI. 21,22 This discrepancy
between the results of our study and the
aforementioned ones could be due to the
variances in the treatments used since the
dissimilarities in anticoagulant therapies and
invasive procedures between registries lead to
significant differences in the bleeding risk and
thus render the comparison between bleeding
risk scores very difficult. 21 For instance, in the
present study, all the patients underwent
angiography, performed via the femoral vein,
while over 80% of the arteriography
interventions were performed via the radial
vessel in a similar study in the United States. 18
These criteria are, however, validated when
performed on patients undergoing angiography
both via the femoral and radial routes. 23,24
Furthermore, different baseline characteristics
such as age, gender, and serum parameters such
as anemia play a role in the risk of bleeding, 25
rendering a comparison of studies extremely
difficult.
Another salient point of the present research is
the bleeding site in the patients insofar as more
than 75% of the cases of bleeding were reported
from the catheter site, which varies between
25% and 34% in other studies on patients with
the ACS undergoing coronary angiography. 21,26
This difference can be caused by a variety of

causes, most probably the accuracy of data
collection. It should be noted that the present
data were retrospectively collected from
patients or their medical records. In addition, in
the present study, about 19% of the patients had
bleeding, while the rate of major bleeding is
different among studies based on the
antithrombotics used. The overall rate of major
bleeding was 11.5%, which rose to 17.5% in
consequence of the use of glycoprotein IIb/IIIa
inhibitors in a previous investigation, 9 which is
close to that of the present study, although
various factors such as the type of MI and
serum parameters like anemia attribute to the
risk of major bleeding.
It could be argued that this is the first Iranian
study to compare the predictive power of
bleeding risk scores in patients with the ACS
with a sufficient sample size and study power
(83%). Our results accredited that a wide range
of variables might affect the risk of bleeding in
patients with the ACS, such as alterations in the
treatment strategies used for patients. In
addition, in this study, the data were
retrospectively collected from medical records
and not by the researcher; therefore, any bias in
the data records could have affected the results.
We did not compare the rates of bleeding
between different drug regimens used due to the
bias caused by differences in the baseline
characteristics.
CONCLUSIONS
The present study examined a sufficient number
of patients with the ACS undergoing femoral
angiography and the results of the comparison
of the 3 bleeding risk scores showed no
statistically significant differences between the
ACTION, CRUSADE, and MEHRAN criteria,
although the C-statistics of the MEHRAN
criteria were slightly lower than those of the
ACTION and the CRUSADE. The findings of
this study showed that the predictive power in
none of the 3 risk scores was excellent. Further
cohort studies on the data of the registry
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systems in Iran could add to the results of the
present study.
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