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Background: There is scanty evidence concerning the ability of Can Rapid Risk Stratification of Unstable Angina Patients
Suppress Adverse Outcomes with Early Implementation of the ACC/AHA Guidelines (CRUSADE) and Acute Catheterization and
Urgent Intervention Triage Strategy and Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial Infarction
(ACUITY-HORIZONS) scores to predict out-of-hospital bleeding risk after percutaneous coronary interventions (PCls) with drug-eluting
stents (DES) in patients receiving dual antiplatelet therapy. We aimed to assess and compare the long-term prognostic value of these
scores regarding out-of-hospital bleeding risk in such patients.

Methods: We performed a prospective observational study of 10,724 patients undergoing PCI between January and December 2013 in
Fuwai Hospital, China. All patients were followed up for 2 years and evaluated through the Fuwai Hospital Follow-up Center. Major
bleeding was defined as Types 2, 3, and 5 according to Bleeding Academic Research Consortium Definition criteria.

Results: During a 2-year follow-up, 245 of 9782 patients (2.5%) had major bleeding (MB). CRUSADE (21.00 [12.00, 29.75] vs. 18.00 [11.00,
26.00], P<0.001) and ACUITY-HORIZONS (9.00[3.00, 14.00] vs. 6.00[3.00, 12.00], P < 0.001) risk scores were both significantly higher in the
MB than non-MB groups. Both scores showed a moderate predictive value for MB in the whole study cohort (area under the receiver-operating
characteristics curve [AUROC], 0.565; 95% confidence interval [C/], 0.529-0.601, P=0.001; AUROC, 0.566; 95% CI, 0.529-0.603, P<0.001,
respectively) and in the acute coronary syndrome (ACS) subgroup (AUROC: 0.579, 95% CI: 0.531-0.627, P = 0.001; AUROC, 0.591; 95%
CI,0.544-0.638, P <0.001, respectively). However, neither score was a significant predictor in the non-ACS subgroup (P> 0.05). The value of
CRUSADE and ACUITY-HORIZONS scores did not differ significantly (2> 0.05) in the whole cohort, ACS subgroup, or non-ACS subgroup.
Conclusions: CRUSADE and ACUITY-HORIZONS scores showed statistically significant but relatively limited long-term prognostic
value for out-of-hospital MB after PCI with DES in a cohort of Chinese patients. The value of CRUSADE and ACUITY-HORIZONS
scores did not differ significantly (P > 0.05) in the whole cohort, ACS subgroup, or non-ACS subgroup.
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minimize the occurrence of bleeding events to improve
clinical outcomes.

Can Rapid Risk Stratification of Unstable Angina Patients
Suppress Adverse Outcomes with Early Implementation of
the ACC/AHA Guidelines (CRUSADE) scorel®! and Acute
Catheterization and Urgent Intervention Triage Strategy and
Harmonizing Outcomes with Revascularization and Stents
in Acute Myocardial Infarction (ACUITY-HORIZONS)
scorel® are both currently commonly used tools for predicting
in-hospital bleeding risk in patients with acute coronary
syndrome (ACS). However, to the best of our knowledge,
only one study!” has assessed the ability of CRUSADE and
ACUITY-HORIZONS scores to predict long-term bleeding
risk after PCI. Thus, there is no published research about
these scores’ ability to predict long-term out-of-hospital
bleeding in patients receiving DAPT after PCI and no
such data for Asian patients. The purpose of this study
was to evaluate and compare the long-term prognostic
value of CRUSADE and ACUITY-HORIZONS scores for
out-of-hospital bleeding risk after PCI with drug-eluting
stents (DES) in a large cohort of Chinese patients.

MeTtHoDS

Ethical approval

Ethical approvals were obtained from the Fuwai Hospital
Research Ethics Committees (No. 2013-449). The
Institutional Review Board approved the study protocol and
all patients provided written informed consent.

Study design

This was a prospective, single-center, observational
study of 10,724 consecutive patients attending Fuwai
Hospital (National Center for Cardiovascular Diseases,
Beijing, China) between January 2013 and December 2013.

All patients underwent electrocardiogram, echocardiography,
X-ray examination, and blood tests within 24 h of admission
in the morning, including routine blood screening, hepatic
and renal function, troponin, creatine kinase, and serum
lipid concentrations. Additionally, all patients underwent
coronary angiography and successful DES of at least one
native coronary artery. Clinically relevant baseline data were
recorded in detail, including age, sex, body mass index, and
medical history.

Exclusion criteria were as follows: DAPT not prescribed on
discharge and the in-hospital events of major bleed (MB),
stent thrombosis, myocardial infarction, and death. After
applying these exclusions, 9782 patients remained for the
final analysis. Aspirin was prescribed at a dose of 100 mg
daily indefinitely and clopidogrel 75 mg daily or ticagrelor
90 mg twice daily was advised for at least 1 year after the PCI.

End points and definitions

MB was defined as Types 2, 3, or 5 according to Bleeding
Academic Research Consortium (BARC) criteria.!®!
ACUITY-HORIZONS score!® consists of seven factors,
namely, age, sex, anemia, use of bivalirudin, type of ACS,

serum creatinine concentration, and white blood cell count.®
CRUSADE scorel®! consists of eight factors, namely, sex,
diabetes, peripheral artery disease, evidence of heart failures,
hematocrit, creatinine clearance rate (Ccr), systolic blood
pressure, and heart rate.”! Cer was calculated using the
Cockceroft-Gault formula.

Follow-up

All patients were evaluated by telephone, letter, messages,
or by clinic visit at 30 days, 6 months, 12 months, and
24 months through the Fuwai Hospital Follow-up Center.
They were advised to return for coronary angiography
if indicated clinically by symptoms or documentation of
myocardial ischemia. All adverse events were identified
and assessed centrally by two independent cardiologists and
disagreements were resolved by consensus.

Statistical analysis

Continuous variables with normal distribution or nonnormal
distribution are expressed as mean + standard deviation (SD)
or median (P25, P75), and categorical variables are expressed
as n (%). Mean values of continuous variables with normal
distribution were compared by Student’s z-test, median
values of continuous variables with nonnormal distribution
were compared using nonparametric test (Mann—Whitney
U-test), and Pearson’s Chi-square or Fisher’s exact test were
used to compare categorical variables. When CRUSADE
scoring was originally reported, there were five strata for
risk of bleeding (very low <20, low 21-30, moderate 3140,
high 41-50, and very high risk >50); whereas, there were
four risk strata for ACUITY-HORIZONS scores (low <10,
moderate 1014, high 15-19, and very high risk >20). In the
present study, three risk strata were defined for CRUSADE
and ACUITY-HORIZONS scores by combining very high
risk and high risk to high risk strata; low risk and very low
risk categories to low risk strata.”? Thus, there were three
risk strata for CRUSADE scores (low risk <30, moderate
risk 31-40, and high risk >40) and three risk strata for
ACUITY-HORIZONS scores (low risk <10, moderate
risk 10-14, and high risk >14). The predictive values of
CRUSADE and ACUITY-HORIZONS scores were assessed
with area under the receiver-operating characteristics
curves (AUROC) and these AUROCs were compared using
the Z-test, net reclassification improvement (NRI), and
integrated discrimination improvement (IDI). The significance
level was set at 0.05 for all two-sided tests. Statistical analysis
was performed with SAS 9.2 (SAS Institute, Cary, NC, USA).

ResuLts

Patient characteristics

After exclusion of 942 patients who did not receive DAPT
on discharge, underwent only balloon dilatation, received
bare metal stents, experienced specified in-hospital
events (MB, stent thrombosis, myocardial infarction, and
death), or were lost to follow-up, 9782 of 10,724 patients
remained for the final analysis [Figure 1]. Their average
age was 58.2 + 10.2, 22.9% were women, and 60.0%
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had ACS. Only 13 patients (0.13%) received ticagrelor,
the remaining patients received clopidogrel (99.87%).
Only 17 patients received triple therapy with aspirin, a
P2Y 12 receptor inhibitor, and an oral anticoagulant drug.

10, 724 consecutive patients undergoing PCl in Fuwai
Hospital between January 2013 and December 2013

942 patients excluded

®  Notdischarged on DAPT (n=128)

Only balloon dilatation without stent (n=568)
Received bare metal stent (n=40)

In-hospital major bleeding(n=8)

In-hospital stent thrombosis or myocardial
infaction(n=131)

In-hospital death(n=8)

®  Lostto follow-up (n=59)

9782 patients included
in risk score analysis

Figure 1: Flow chart showing patient selection for study. PCI: Percutaneous
coronary intervention; DAPT: Dual antiplatelet therapy.

No patients received bivalirudin or prasugrel treatment.
A high proportion of patients underwent a trans-radial
approach (TRA) PCI in this study (91.2%). As shown in
Table 1, 245 patients experienced MB events (2.5%) during
a 2-year follow-up. These patients were older, had a higher
proportion of women, more frequently had histories of
cerebral strokes or vascular disease, and more frequently had
admission systolic blood pressures of less than 90 mmHg
than those without MB.

CRUSADE and ACUITY-HORIZONS scores according to
the occurrence of major bleeding

CRUSADE (21.00 [12.00, 29.75] vs. 18.00 [11.00, 26.00],
P <0.001) and ACUITY-HORIZONS (9.00 [3.00, 14.00]
vs. 6.00 [3.00, 12.00], P < 0.001) risk scores were both
significantly higher in the MB than non-MB groups [Table 1].

Bleeding risk stratification by CRUSADE and
ACUITY-HORIZONS scores

Bleeding risk stratification by CRUSADE

According to CRUSADE risk strata (low risk [<30],

Table 1: Baseline clinical characteristics in patients undergoing percutaneous coronary interventions according to

major bleeding status

Characteristics MB (n = 245) No MB (n = 9537) Statistics P
Age (years) 61.2+10.2 58.2+10.2 —4.67* <0.001
Female 70 (28.57) 2166 (22.71) 4.657 0.031
BMI (kg/m?) 25.62+3.12 2595+3.18 1.60%* 0.110
CRUSADE score 21.00 (12.00, 29.75) 18.00 (11.00, 26.00) —3.45% <0.001
ACUITY-HORIZONS score 9.00 (3.00, 14.00) 6.00 (3.00, 12.00) —3.55% <0.001
Clinical presentation

Stable CHD 101 (41.22) 3814 (39.99) 0.68" 0.713

Troponin-negative ACS 106 (43.27) 4052 (42.49)

Troponin-positive ACS 38 (15.51) 1671 (17.52)
Hypertension 171 (69.80) 6103 (63.99) 3.507 0.061
Diabetes mellitus

Nondiabetes mellitus 179 (73.06) 6683 (70.07) 1.507 0.473

Noninsulin treated 46 (18.78) 1866 (19.57)

Insulin treated 20 (8.16) 988 (10.36)
Current smoking 143 (58.37) 5448 (57.12) 0.15% 0.698
Dyslipidemia 170 (69.39) 6409 (67.20) 0.521 0.471
Previous MI 39 (15.92) 1801 (18.88) 1.381 0.241
Previous PCI 50 (20.41) 2264 (23.74) 1.47% 0.226
Previous CABG 11 (4.49) 377 (3.95) 0.187 0.671
Previous stroke 42 (17.14) 1000 (10.49) 11.12f 0.001
Previous vascular disease 46 (18.78) 1176 (12.33) 9.08" 0.003
Anemia 10 (4.08) 325 (3.41) 0.337 0.567
Cer <60 ml/min 31 (12.86) 1052 (11.47) 0.457 0.502
Heart rate >100 beats/min 1(0.41) 93 (0.98) 0.817 0.369
Systolic BP <90 mmHg 2(0.82) 20 (0.21) 3.927 0.048
ST deviation 48 (19.59) 2058 (21.58) 0.56" 0.455
Heart failure history 6(2.49) 179 (1.92) 0417 0.524
Abnormal myocardial enzyme 48 (19.59) 2053 (21.53) 0.537 0.467
Creatinine (mg/dl) 0.86 +0.19 0.85+0.18 —0.28* 0.783

Values are presented as mean + SD, n (%), or median (P25, P75). *¢ values; Ty* values; *Z values. SD: Standard deviation; ACS: Acute coronary
syndrome; BMI: Body mass index; CRUSADE: Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early
Implementation of the ACC/AHA Guidelines; ACUITY-HORIZONS: Acute Catheterization and Urgent Intervention Triage Strategy and Harmonizing
Outcomes with Revascularization and Stents in Acute Myocardial Infarction; CABG: Coronary artery bypass graft; Ccr: Creatinine clearance rate;
CHD: Coronary heart disease; MB: Major bleeding; MI: Myocardial infarction; PCIL: Percutaneous coronary intervention; BP: Blood pressure.
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intermediate risk [31-40], and high risk [>40]),
the risk of bleeding was 1.58 times greater in the
intermediate- than the low-risk group (hazard ratio [HR],
1.58; 95% confidence interval [CI], 1.12-2.23; P=0.010).
However, the risk did not differ significantly between
high- and low-risk groups (HR, 1.33;95% CI, 0.77-2.28,;
P =10.307) [Table 2].

Bleeding risk stratification by ACUITY-HORIZONS
According to ACUITY-HORIZONS risk strata (low risk
[<10], intermediate risk [10—14], and high risk [>14]),
the risk of bleeding was 1.66 times in the high- than the
low-risk group (HR, 1.21; 95% CI, 1.12-2.28; P = 0.002).
However, the risk did not differ significantly between
intermediate- and low-risk groups (HR, 1.07; 95% CI,
0.78-1.48; P=0.662) [Table 2].

Ability of CRUSADE and ACUITY-HORIZONS scores to
predict bleeding events

CRUSADE scores appeared to have predictive value
concerning MB in the whole cohort (AUROC, 0.565; 95% CI,
0.529-0.601; P=0.001) and in the ACS subgroup (AUROC,
0.579; 95% CI, 0.531-0.627; P = 0.001). However, they
did not have significant predictive value in the non-ACS
subgroup (AUROC, 0.545; 95% CI, 0.492-0.599;
P =0.123) [Table 3].

ACUITY-HORIZONS score appeared to have predictive
value concerning MB in the whole cohort (AUROC,
0.566; 95% CI, 0.529-0.603; P < 0.001) and in the
ACS subgroup (AUROC, 0.591; 95% CI, 0.544-0.638;
P<0.001). However, they did not have significant predictive
value in the non-ACS subgroup (AUROC, 0.535; 95% ClI,
0.478-0.592; P =0.234) [Table 3].

Comparison of predictive value for bleeding events by
CRUSADE and ACUITY-HORIZONS scores

CRUSADE (AUROC, 0.565) and ACUITY-HORIZONS
scores (AUROC, 0.566) did not differ significantly in
the whole cohort (Z = 0.038, P = 0.970; NRI, P = 0.960;
IDI, P = 0.187); in the ACS subgroup (CRUSADE
score: AUROC, 0.579; ACUITY-HORIZONS
score: AUROC, 0.591) (Z = 0.350, P = 0.726; NRI,
P =0.845; IDI, P = 0.309), or in the non-ACS subgroup
(CRUSADE score: AUROC, 0.545; ACUITY-HORIZONS
score: AUROC, 0.535) (Z = 0.251, P = 0.802; NRI,
P =0.357; 1IDI, P =0.222) [Figure 2].

Discussion

CRUSADEP?! and ACUITY-HORIZONS scores!® are
widely used to assess the risk of in-hospital bleeding
in patients with ACS. However, the predictive value of
these scores for bleeding in patients who are being treated
with PCI and DAPT has not been clarified. In our study,
we therefore evaluated the ability of CRUSADE and
ACUITY-HORIZONS scores to predict the risk of long-term
out-of-hospital bleeding in patients with DAPT after PCI
in a large Chinese patient cohort. We also conducted
head-to-head comparisons between CRUSADEM and
ACUITY-HORIZONSP! scores in the same cohort. The main
findings of the study are as follows.

The incidence of 2-year out-of-hospital MB (BARC Types
2,3, and 5) was 2.5% in these Chinese patients with DAPT
after PCI. Previous studies have reported markedly different
rates of bleeding after PCI, these discrepancies mainly
being attributable to differences in definitions of bleeding,

Table 2: Stratification of risk of major bleeding by CRUSADE and ACUITY-HORIZONS scores

Scores Major bleeding, % (n/N) HR 95% CI P
CRUSADE score

Low (<30) 2.33 (187/8015) Reference -

Intermediate (31-40) 3.66 (39/1067) 1.58 1.12-2.23 0.010

High (>40) 3.05 (14/459) 1.33 0.77-2.28 0.307
ACUITY-HORIZONS score

Low (<10) 2.26 (143/6319) Reference -

Intermediate (10-14) 2.43 (50/2057) 1.07 0.78-1.48 0.662

High (>14) 3.70 (52/1405) 1.66 1.21-2.28 0.002

—: Not applicable; CRUSADE: Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of
the ACC/AHA Guidelines; ACUITY-HORIZONS: Acute Catheterization and Urgent Intervention Triage Strategy and Harmonizing Outcomes
with Revascularization and Stents in Acute Myocardial Infarction; HR: Hazard ratio; CI: Confidence interval.

Table 3: Receiver-operating characteristic curves of major bleeding according to CRUSADE and ACUITY-HORIZONS
scores in whole cohort and non-ACS and ACS subgroups

Scores Whole cohort Non-ACS patients ACS patients

AUC (95% CI) P AUC (95% CI) P AUC (95% CI) P
CRUSADE score 0.565 (0.529-0.601) 0.001 0.545 (0.492-0.599) 0.123 0.579 (0.531-0.627) 0.001
ACUITY-HORIZONS score 0.566 (0.529-0.603) 0.000 0.535 (0.478-0.592) 0.234 0.591 (0.544-0.638) 0.000

CRUSADE: Can Rapid Risk Stratification of Unstable Angina Patients Suppress Adverse Outcomes with Early Implementation of the ACC/AHA
Guidelines; ACUITY-HORIZONS: Acute Catheterization and Urgent Intervention Triage Strategy and Harmonizing Outcomes with Revascularization
and Stents in Acute Myocardial Infarction; ACS: Acute coronary syndrome; AUC: Area under the curve; CI: Confidence interval.
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Figure 2: Comparison of predictive value of CRUSADE and ACUITY-HORIZONS scores for major bleeding. No statistically significant differences
were found irrespective of whole cohort population, non-ACS population, or ACS population. CRUSADE: Can Rapid Risk Stratification of Unstable
Angina Patients Suppress Adverse Outcomes with Early Implementation of the ACC/AHA Guidelines; ACUITY-HORIZONS: Acute Catheterization
and Urgent Intervention Triage Strategy and Harmonizing Outcomes with Revascularization and Stents in Acute Myocardial Infarction; ACS: Acute

coronary syndrome; ROC: Receiver operating characteristic.

patient groups, ethnic variations, use of anticoagulant drugs,
durations of follow-up, and so on. Ratib et al.l' reported an
incidence of bleeding in the 30 days after PCI through TRA
of only 0.2%; Mehran et al."! reported an out-of-hospital
incidence of bleeding in the 2-year after PCI of 1.4%;
whereas in the CREDO study,'? the incidence for 1 year
was higher at 8.8%.

We found that CRUSADE and ACUITY-HORIZONS scores
both have predictive value for long-term risk of bleeding
in Chinese patients undergoing PCI, which is consistent
with the findings of Costa et al.,[’) whose patient cohort
comprised European and American patients and was smaller
than ours (1970 patients). Additionally, Costa et al. did not
further analyze the subgroups of ACS. We also found that
CRUSADE and ACUITY-HORIZONS scores had predictive
value for long-term MB in the ACS, but not in the non-ACS
subgroup of post-PCI patients. This discrepant result may be
related to the fact that CRUSADE and ACUITY-HORIZONS
scores were originally developed using only patients with
ACS. In other words, the two scores appear to have clinical
value overall and in the ACS subgroup; however, their
predictive value is relatively limited. This may be because
some bleeding risk factors that are relevant to Chinese
patients treated with PCI and DAPT are not included in
CRUSADE and ACUITY-HORIZONS scores. Whether
introduction of more clinical factors, such as plasma markers
or results of platelet function or gene testing, would improve
predictive value requires further exploration and validation.

In this study, we also conducted head-to-head comparison
between CRUSADE and ACUITY-HORIZONS scores
and identified no significant difference between them in
the overall cohort or ACS and non-ACS subgroups. Of
previous studies, only that of Costa ez al.l” reported results
that are similar to ours for long-term follow-up of patients
after PCI. Reported predictions of risk of in-hospital

bleeding in patients with ACS according to these two scores
have been inconsistent. Flores-Rios et al.l'*! reported that
CRUSADE scores were better able to predict bleeding risk
than ACUITY-HORRIZONS scores in 1391 patients with
ST-segment elevation myocardial infarction undergoing PCI;
however, Correia et al.'¥ found that ACUITY-HORIZONS
scores were better than CRUSADE scores in 519 patients with
ACS. These discrepancies may be attributable to differences
in definition of bleeding and study patients’ characteristics.

In our study, we found that CRUSADE and
ACUITY-HORIZONS scores were significantly higher in
the MB than in the non-MB group. CRUSADE scores were
1.58 times higher in the intermediate-risk than low-risk
group; however, the risk did not differ significantly between
high- and low-risk groups. ACUITY-HORIZONS scores
were 1.66 times higher in the high-risk than the low-risk
group; however, the risk did not differ significantly between
intermediate- and low-risk groups. Thus, in patients with
DAPT after PCI, CRUSADE and ACUITY-HORIZONS
scores do not discriminate between low-, intermediate-, and
high-risk groups, which indicates a need for further analysis
and adjustment of risk stratifications.

Our findings have expanded the scope of clinical application
of CRUSADE and ACUITY-HORIZONS scores in assessing
the long-term risk of bleeding in patients undergoing PCI.

Some limitations of our analysis should be considered.
First, this study was a single-center observational study,
which may limit the generalizability of our findings. Second,
CRUSADE and ACUITY-HORIZONS scores are clinical
metrics; whether to introduce plasma markers, platelet
function, or gene testing to improve predictive accuracy
requires further study.

In conclusion, CRUSADE and ACUITY-HORIZONS scores
are statistically significant predictors of out-of-hospital
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bleeding after PCI with DES in Chinese patients in the long
term but of relatively limited practical prognostic value;
thus, further studies are needed to improve predictors of
bleeding. Comparison of predictive values of bleeding
between CRUSADE score and ACUITY-HORIZONS score
showed no significant difference.
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