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Background-—Few studies have examined how antiplatelet therapies are selected during the routine care of acute myocardial
infarction patients, particularly relative to the patient’s estimated mortality and bleeding risks.

Methods and Results-—We examined patients presenting with acute myocardial infarction treated with percutaneous coronary
intervention at 233 US hospitals in the TRANSLATE-ACS observational study from April 2010 to October 2012. We developed a
multivariable logistic regression model to identify factors associated with prasugrel selection. Prasugrel use rates and associated
1-year risk-adjusted major adverse cardiovascular events and Global Utilization of Streptokinase and t-PA for Occluded Coronary
Arteries (GUSTO) moderate/severe bleeding outcomes were also examined in relation to predicted mortality and bleeding using the
validated Acute Coronary Treatment and Intervention Outcomes (ACTION) risk prediction scores. Among 11 969 patients, 3123 (26%)
received prasugrel at the time of percutaneous coronary intervention. The strongest factors associated with prasugrel use included
cardiogenic shock (odds ratio [OR] 1.68, 95% CI 1.25–2.26), drug-eluting stent use (OR 1.45, 95% CI 1.31–1.62), and ST-segment
elevationmyocardial infarction presentation (OR 1.23, 95% CI 1.12–1.35). Older age (OR 0.57, 95% CI 0.0.53–0.61), dialysis (OR 0.56,
95% CI 0.32–0.96), prior history of stroke/transient ischemic attack (OR 0.52, 95% CI 0.38–0.73), and interhospital transfer (OR 0.50,
95% CI 0.46–0.55) were associated with lowest prasugrel selection. Prasugrel was used less often than clopidogrel in patients at
higher predicted bleeding risk (21.9% versus 29.7%, P<0.001). Yet paradoxically, prasugrel was also less likely than clopidogrel to be
used in patients with higher predicted mortality risk (21.1% versus 30.2%, P<0.001). Adjusted bleeding and outcomes events were
similar among those receiving prasugrel and clopidogrel in the 4 subgroups of patients based on bleeding risk and ischemic benefits.

Conclusions-—In community practice, prasugrel use may be driven more by bleeding risk rather than ischemic benefit. This may
result in underutilization of higher potency ADP receptor inhibitor among patients more likely to derive ischemic benefit. ( J Am
Heart Assoc. 2016;5:e003946 doi: 10.1161/JAHA.116.003946)
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T reatment with dual antiplatelet therapy in patients with
acute myocardial infarction (MI) is a cornerstone of

guideline-recommended pharmacologic therapy, especially if
percutaneous coronary intervention (PCI) is performed.1–3

Although clopidogrel has been the most widely used ADP
receptor inhibitor (ADPri) in the United States, higher potency
ADPris have been shown to further reduce the risk of adverse
cardiovascular outcomes when compared with clopidogrel
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treatment among MI patients; however, the risk of bleeding is
also higher among patients treated with these higher potency
ADPris.4,5

Few studies have examined how ADPri therapies are
initially selected during routine acute MI care. Although
several risk prediction models have been developed to
estimate the likelihood of mortality or bleeding in patients
with acute MI, how higher potency ADPris, such as prasugrel,
are used in relation to these predicted risks in routine clinical
practice has not been well characterized. Therefore, we
utilized data from the Treatment with ADP Receptor Inhibitors:
Longitudinal Assessment of Treatment Patterns and Events
after Acute Coronary Syndrome (TRANSLATE-ACS) study to
determine predictors of initial prasugrel versus clopidogrel
selection at the time of PCI, and to characterize outcomes
associated with ADPri selection when stratified by predicted
mortality and bleeding risks.6–9

Methods

Study Population
The TRANSLATE-ACS (ClinicalTrials.gov identifier: NCT01
088503) study design has been described previously.10 In
brief, TRANSLATE-ACS was a prospective, multicenter, lon-
gitudinal observational study to describe patterns of ADPri
use and to evaluate the comparative effectiveness and safety
of these agents in contemporary clinical practice in the
United States. The study enrolled patients ≥18 years of age
presenting with ST-segment elevation myocardial infarction
(STEMI) or non-ST-segment myocardial infarction (NSTEMI)
revascularized by PCI and treated with ADPri during the
index hospitalization. Patients were excluded if unable to
provide written informed consent or if participating in
another research study directing approved or investigational
ADPri selection and use in the 12 months following the
index MI. As the study protocol did not direct a treatment
intervention, all management decisions were made by
treating clinicians in accordance with local standards of
care and guideline recommendations. The study was
approved by the institutional review boards of all participat-
ing hospitals, and written informed consent was provided by
all patients.

A total of 12 365 patients were enrolled between April 4,
2010 and October 31, 2012. Among enrolled patients, we
excluded 138 patients who were initiated on more than 1
ADPri at the time of PCI. Ticlopidine use was rare, and another
higher potency ADPri, ticagrelor, received Food and Drug
Administration approval late in the study; therefore, the 238
patients who received ticagrelor or ticlopidine were also
excluded from the analysis. These exclusions yielded a final
study population of 11 969 patients presenting with acute MI

who underwent PCI and were treated initially with either
prasugrel or clopidogrel.

Data Collection
The TRANSLATE-ACS study captured detailed baseline
sociodemographic, clinical, and presentation characteristics,
processes of care, and longitudinal outcomes data for each
patient. In-hospital data collection used standardized defini-
tions created by the National Cardiovascular Data Registry, a
collection of quality-improvement registries involving over
2000 hospitals in the United States (http://cvquality.acc.org/
NCDR-Home.aspx). Hospital characteristics were obtained by
linking sites participating in the TRANSLATE-ACS study with
the American Hospital Association 2008 Survey.

Postdischarge study follow-up was completed via central-
ized telephone interview at 6 weeks and 6, 12, and
15 months by trained personnel at the Duke Clinical Research
Institute. The outcomes of interest included (1) the composite
outcome of major adverse cardiovascular events (MACE)
consisting of death, recurrent MI, stroke, or unplanned
coronary revascularization and (2) Global Utilization of
Streptokinase and t-PA for Occluded Coronary Arteries
(GUSTO) moderate or severe bleeding. These events were
independently adjudicated via medical record review by study
physicians from the Duke Clinical Research Institute.

Statistical Analysis
Baseline patient and procedure data were compared between
patients initially treated with prasugrel or clopidogrel. Data
are presented as frequencies and percentages for categorical
variables and medians (25th, 75th percentiles) for continuous
variables. We compared baseline patient, presentation, and
procedural characteristics for the 2 groups using Pearson v2

tests for categorical variables and Wilcoxon Rank-Sum tests
for continuous variables.

We used a logistic regression model to determine factors
associated with the selection of prasugrel as the ADPri at the
time of PCI. Candidate variables included all TRANSLATE-ACS
specific variables, listed in Table S1. We utilized a split-sample
methodology wherein we randomly selected 80% of the
population and developed a series of univariate logistic
models for the prasugrel indicator variable. Each variable with
a univariate P<0.10 was entered as a candidate into a forward
selection logistic model for prasugrel use. We assessed
linearity of all continuous variables, and used P<0.05 as the
selection to enter criteria. The model was then fit on a 20%
validation sample and finally re-fit on the 100% sample. We
used the C-index to assess discriminative ability. The model fit
among the validation sample had C-index=0.699, which was
close to the C-index from the final model C=0.704.
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As in-hospital data collection in TRANSLATE-ACS used
standardized definitions based on the National Cardiovascular
Data Registry, we calculated the Acute Coronary Treatment
and Intervention Outcomes (ACTION) mortality6 and bleeding7

risk scores for each patient. The ACTION mortality risk model
is a previously validated risk prediction score that incorpo-
rates the following variables: age, peripheral artery disease,
heart rate on admission, systolic blood pressure on admis-
sion, heart failure�shock on admission, and electrocardio-
graphic changes, baseline troponin ratio, and baseline serum
creatinine. The previously validated ACTION bleeding risk
model included the following variables: age, weight, sex,
diabetes mellitus, previous peripheral artery disease, heart
rate on admission, systolic blood pressure on admission,
heart failure�shock on admission, and electrocardiographic
changes, baseline troponin ratio (times upper limit of normal),
baseline serum creatinine, and home warfarin use. We
examined the Pearson correlation between the ACTION
mortality and bleeding scores, stratified by prasugrel versus
clopidogrel treatment groups. To graphically display trends
between ACTION mortality and bleeding risk scores, we used
a scatterplot with penalized B-spline curves.

We divided patients into 4 groups based on their predicted
mortality and bleeding risk scores above and less than or
equal to the population median: (1) predicted mortality and
bleeding risks both high, (2) predicted mortality and bleeding
risks both low, (3) high predicted mortality but low predicted
bleeding risk, and (4) low predicted mortality but high
predicted bleeding risk. In each group, we used cumulative
incidence curves with log rank testing to compare 1-year
post-PCI MACE and bleeding outcomes between patients
initially treated with prasugrel versus clopidogrel. We used
Cox proportional hazards regression modeling with inverse
probability weighted propensity adjustment to determine the
adjusted MACE and bleeding outcomes associated with initial
ADPri selection. To calculate inverse probability weights, we
fit a propensity score model using logistic regression for
prasugrel (as the outcome). We adjusted for 56 prespecified
demographic, clinical, presentation, and procedural variables
selected based on clinical expertise (Table S1). Balance of the
covariates between treatment groups was assessed using
standardized differences. The inverse probability weights are
based on a function of the propensity score. To limit the
potential influence of large weights related to extreme values
for the propensity score, we capped the weights at 10 times
the average stabilized weight. Outcomes were assessed in an
“as-treated” fashion with censoring of events occurring more
than 7 days after ADPri discontinuation or switch.

Statistical significance was defined as P<0.05. All analyses
were performed by the NCDR data analysis center at the Duke
Clinical Research Institute using SAS software (version 9.3;
SAS Institute Inc, Cary, NC).

Results

Patient and Hospital Characteristics
Among the 11 969 STEMI and NSTEMI patients who under-
went PCI in our study population, 3123 (26.1%) patients were
treated initially with prasugrel. These patients were younger,
less likely female, and more likely to have private insurance
status than patients treated with clopidogrel (all P<0.001).
There were statistically significant but modest differences in
race and Hispanic ethnicity between the 2 groups. Prasugrel-
treated patients also had significantly fewer comorbid condi-
tions than clopidogrel-treated patients, with lower rates of
prior MI, heart failure, revascularization, and stroke (all
P<0.001). There were notable but low proportions of patients
age ≥75 years (2.8%), weight <60 kg (2.4%), or with a history
of prior stroke/transient ischemic attack (1.9%) treated with
prasugrel, populations in which prasugrel use was not
advised. Both groups had similar low rates of prior gastroin-
testinal or genitourinary bleeding history; patients treated
with prasugrel were less likely to have been on oral
anticoagulation therapy prior to admission than clopidogrel-
treated patients. We observed some regional differences in
hospitals, and patients receiving prasugrel were less likely to
present to teaching hospitals. Prasugrel-treated patients
presented at smaller hospitals as well (Table 1).

Patients treated with prasugrel were significantly less likely
to have been transferred in from an acute care hospital
compared with patients treated with clopidogrel (26.1%
versus 43.7%, P<0.001). They were also more likely to
present with STEMI (58.6% versus 49.3%, P<0.001). Upon
angiography, patients who received prasugrel at the time of
PCI were more likely to have single-vessel disease but less
likely to have significant left main coronary artery disease
(Table 2). The proportion of patients with left ventricular
ejection fraction ≤40% was similar in both groups (20.6%
versus 20.9%, P=0.71).

Factors Associated With Initial Prasugrel
Selection
We used a multivariable logistic regression model to identify
factors associated with the initial selection of prasugrel
versus clopidogrel (Figure 1). Strong predictors of initial
prasugrel use were cardiogenic shock (odds ratio [OR] 1.68,
95% CI 1.25–2.26), DES use (OR 1.45, 95% CI 1.31–1.62), and
STEMI presentation (OR 1.23, 95% CI 1.12–1.35), whereas the
factors associated with lowest initial prasugrel use were older
age (70 versus 60: OR 0.57, 95% CI 0.53–0.61), dialysis
treatment (OR 0.56, 95% CI 0.32–0.96), a prior history of
stroke/transient ischemic attack (OR 0.52, 95% CI
0.38–0.73), home oral anticoagulation therapy (OR 0.52,
95% CI 0.36–0.76), and interhospital transfer (OR 0.50, 95%
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CI 0.46–0.55). Factors that were notably not associated with
initial prasugrel selection included insurance status, history of
atrial fibrillation/flutter, or gastrointestinal/genitourinary
bleeding in the 6 months prior to presentation.

Prasugrel Use and Outcomes Stratified by
Predicted Bleeding and Mortality Risks
The median ACTION mortality risk score was 30 (25th, 75th
percentiles: 25, 35), and the median ACTION bleeding risk
score was 25 (25th, 75th percentiles: 21, 29). Prasugrel was
used less frequently among patients with high predicted
bleeding risk (21.9% versus 29.7%, P<0.001). However,
prasugrel was also used less frequently among patients with
high predicted mortality risk (21.1% versus 30.2%, P<0.001).
When stratified into 4 bleeding–ischemic risk groups (Fig-
ure 2), prasugrel was used most frequently among patients at

Table 1. Patient and Hospital Characteristics*

Prasugrel
(n=3123)

Clopidogrel
(n=8846) P-Value

Demographics

Age, y 57 (50–63) 61 (53–70) <0.001

Female, % 21.5 30.2 <0.001

BMI, kg/m2 29.8
(26.5–33.8)

29.2
(25.8–33.3)

<0.001

Race <0.001

White 88.1 87.9

Black 7.6 9.3

Asian 1.8 1.1

Other 2.3 1.1

Hispanic 4.1 3.1 0.005

Insurance status <0.001

Private 68.3 63.3

Federal/State 14.7 22.6

None 17.0 14.1

Clinical
characteristics

Prior MI, % 14.6 21.3 <0.001

Prior heart failure, % 3.0 7.0 <0.001

Prior PCI, % 17.8 23.0 <0.001

Prior CABG, % 5.5 10.6 <0.001

Prior stroke/TIA, % 1.9 6.6 <0.001

Peripheral arterial
disease, %

3.3 7.5 <0.001

Hypertension, % 61.5 68.8 <0.001

Diabetes mellitus, % 24.6 27.2 0.003

Dyslipidemia, % 62.0 66.9 <0.001

Atrial fibrillation/
flutter, %

2.9 5.3 <0.001

Current/recent
smoker

40.7 37.4 <0.001

Chronic lung
disease

6.6 11.0 <0.001

Dialysis 0.5 1.4 <0.001

GI/GU bleeding
within 6 months

0.8 1.2 0.13

Home oral
anticoagulation

1.1 3.8 <0.001

Presentation features

Transfer in from
acute-care hospital

26.1 43.7 <0.001

STEMI 58.6 49.3 <0.001

Cardiac arrest on
presentation

3.6 2.7 0.02

Continued

Table 1. Continued

Prasugrel
(n=3123)

Clopidogrel
(n=8846) P-Value

Heart failure
within 2 weeks

3.6 7.7 <0.001

Cardiogenic shock 2.5 1.9 0.06

Heart rate, bpm 77 (66–90) 76 (65–88) 0.02

Systolic blood
pressure

141
(123–160)

139
(121–158)

0.002

Creatinine clearance,
mL/min†

78.6
(64.0–95.8)

70.6
(53.3–89.8)

<0.001

High predicted
bleeding risk, %

38.8 48.8 <0.001

High predicted
mortality risk, %

36.5 48.1 <0.001

Hospital
characteristics

Region (%) <0.001

West 16.2 13.7

Northeast 14.6 16.0

Midwest 34.8 39.0

South 34.3 31.9

Surgery capability, % 90.8 89.9 0.11

Teaching hospital, % 30.6 44.2 <0.001

Number of hospital
beds, median (IQR)

411
(316–587)

459 (337–639) 0.02

BMI indicates body mass index; CABG, coronary artery bypass graft surgery; GI,
gastrointestinal; GU, genitourinary; IQR, interquartile range; MI, myocardial infarction;
PCI, percutaneous coronary intervention; STEMI, ST-elevation myocardial infarction; TIA,
transient ischemic attack.
*Data are expressed as percentage of patients for categorical variables, median (25th,
75th percentiles) for continuous variables.
†Creatinine clearance was calculated by the Cockroft-Gault equation among patients not
receiving dialysis.
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low predicted risk of both bleeding and mortality and least
frequently among patients at high predicted risk of both
bleeding and mortality. It was used similarly among discor-
dant-risk patients, ie, those with low mortality and high
bleeding risk and those with high mortality and low bleeding
risk (26.2% versus 24.1%, P=0.14).

Prasugrel-treated patients had lower ACTION mortality and
bleeding risk scores compared with clopidogrel-treated
patients. ACTION mortality and bleeding scores were moder-
ately correlated (Pearson correlation coefficient 0.61,
P<0.001), with modest differences between patients treated
with prasugrel (Pearson correlation coefficient=0.59) and
those treated with clopidogrel (Pearson correlation coeffi-
cient=0.62) (Figure 3). Notably, 3641/5396 (67.5%) of
patients at higher predicted mortality also had higher
predicted bleeding risk.

We grouped patients based on predicted mortality and
bleeding risks and compared outcomes of 1-year MACE and
GUSTO moderate/severe bleeding between those treated
with prasugrel versus clopidogrel (Table 3). Among patients at
high mortality risk, 1-year MACE rates were lower among
prasugrel-treated patients (14.4% versus 18.8%, P=0.02) when
compared with those who received clopidogrel; this difference
was no longer significant after risk adjustment (hazard ratio
[HR]adj 1.16, 95% CI 0.89–1.50). In this high predicted
mortality risk population, rates of GUSTO moderate/severe
bleeding at 1 year were not significantly different between
prasugrel- and clopidogrel-treated patients (3.8% versus 5.0%,
P=0.14; HRadj=1.20, 95% CI 0.70–2.08). Among patients with
high predicted risk of bleeding, MACE rates did not differ
significantly between prasugrel- and clopidogrel-treated
patients before and after adjustment (17.8% versus 20.8%,
P=0.05; HRadj=1.18, 95% CI 0.94–1.48). Bleeding rates did
not differ significantly between prasugrel- and clopidogrel-
treated patients in both the unadjusted and inverse probability

weights adjusted analyses (4.3% versus 5.5%, P=0.22; HRadj
1.47, 95% CI 0.91–2.38). Although the adjusted results were
not significant, a change in the directionality of the trend was
observed in some of the categories (Table 3).

We then stratified by both predicted mortality and bleeding
risk. Among patients whose predicted mortality and bleeding
risks were both low, prasugrel use was associated with the
lowest observed rate of GUSTO moderate/severe bleeding
(1.4%), as well as lower adjusted MACE risk when compared
with clopidogrel treatment, though this did not meet statis-
tical significance (HRadj 0.83, 95% CI 0.67–1.03). However,
among patients with high predicted mortality and low
predicted bleeding risk, we did not observe lower MACE risk
associated with prasugrel use (HRadj 1.03, 95% CI 0.61–1.76).
Among patients who were predicted to have both high
mortality and bleeding risks, prasugrel selection was not
associated with any difference in either MACE or GUSTO
moderate/severe bleeding (Table 3).

Discussion
In this community-based cohort of acute MI patients treated
with PCI, approximately a quarter of patients were treated with
prasugrel. The strongest factors associated with prasugrel
selection relative to clopidogrel included cardiogenic shock,
STEMI presentation, and DES use, whereas the strongest
predictors of prasugrel avoidance were female sex, older age,
dialysis treatment, prior stroke/transient ischemic attack,
home oral anticoagulation treatment, and transfer-in status. In
general, factors associated with increased bleeding risk, more
than mortality risk, appeared to be the dominant consideration
affecting clinician treatment choice.

Some of the factors associated with prasugrel selection
were consistent with prior studies. For example, patients at
high ischemic risk, such as those presenting with STEMI,
receiving DES therapy, or developing cardiogenic shock, were
more likely to be treated with prasugrel, a finding consistent
with prior studies demonstrating benefit in these groups
compared with clopidogrel. A prespecified analysis from the
TRITON-TIMI 38 study demonstrated a 32% reduction in a
composite ischemic end point among STEMI patients treated
with prasugrel compared with clopidogrel,11 and a recent
multicenter registry reported similar findings.12 DES is
associated with higher rates of late stent thrombosis
compared with bare metal stent,13 and the primary TRITON-
TIMI 38 analysis revealed significant reduction in stent
thrombosis in prasugrel-treated patients compared with
clopidogrel-treated patients (1.1% versus 2.4%, HR 0.48,
95% CI 0.36–0.64).4 Although data are limited, 1 small
observational study suggests that prasugrel use in patients
presenting with acute MI and cardiogenic shock is associated
with lower mortality compared with clopidogrel use.14

Table 2. In-Hospital Angiographic Findings and Procedures

Prasugrel
(n=3123)

Clopidogrel
(n=8846) P-Value

In-hospital procedures

Angiographic findings <0.001

1-vessel disease 53.9 46.8

2-vessel disease 30.4 31.8

3-vessel disease 14.2 18.8

Left main >50% stenosis 1.8 3.5 <0.001

BMS used 22.7 29.2 <0.001

DES used 75.7 68.7 <0.001

Procedural success 92.3 91.8 0.28

Data are expressed as percentage of patients for categorical variables. BMS indicates
bare metal stent; DES, drug-eluting stent.
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We also found that prasugrel was avoided in patients at
high risk of bleeding, including older patients, women, and
patients undergoing dialysis or being treated with oral
anticoagulant therapy. Additionally, we found that prasugrel
was avoided among patients with prior stroke/transient
ischemic attack, concordant with guidance from the Food and
Drug Administration. We speculate that high clopidogrel
selection among patients transferred-in from another acute-
care hospital may be reflective of continuing therapy with the
initial ADPri selected at the presenting hospital rather than
switching.

Our study also highlights the ambiguity that providers face
when attempting to weigh the potential benefits of more
potent antithrombotic effect against the risks of increased
bleeding with prasugrel. We found lower prasugrel use among
patients at high predicted risk for bleeding; paradoxically, we

found lower prasugrel selection among patients at high
predicted mortality risk. This suggests that many clinicians
may be prioritizing their concern for bleeding when selecting
ADPri therapy. Our analysis underscores that many of the
factors associated with increased mortality in validated risk
models also are associated with increased risk of bleeding. In
our study population, �70% of patients had concordant
predicted bleeding and mortality risks. However, among the
14% of patients at high mortality risk but low bleeding risk,
initial prasugrel selection was lower than in the overall
population.

The TRANSLATE-ACS study observed no significant
difference in outcomes associated with prasugrel versus
clopidogrel among overall MI patients treated with PCI in
routine US clinical practice. This analysis extended these
findings by examining outcomes stratified by patients’

Figure 1. Study population characteristics. Displayed are the factors associated with initial prasugrel selection. BMS indicates bare metal
stent; CAD, coronary artery disease; DES, drug-eluting stent; HF, heart failure; MI, myocardial infarction; NSTEMI, non–ST-segment elevation
myocardial infarction; OR, odds ratio; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial infarction; TIA, transient
ischemic attack. Other race includes Asian, American Indian/Alaskan Native, and Native Hawaiian/Pacific Islander.
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predicted risk. We found that adjusted outcomes were not
significantly different between prasugrel- and clopidogrel-
treated patients, regardless of bleeding and mortality risk.

The most optimal risk–benefit ratio may be among patients
who have both low predicted risk of bleeding and low
predicted mortality risk, as prasugrel-treated patients in this
group trend toward lower adjusted MACE risk compared with
clopidogrel, and had the lowest observed rate of bleeding.
These results suggest the utility of an integrated risk
stratification model, especially with respect to suspected
bleeding risk, when selecting the appropriate ADPri. Given
the overlap of bleeding and mortality risk predictors,
however, there may be underutilization of prasugrel among
patients who may be more likely to derive ischemic benefit.
Our analysis underscores the need for more discriminatory
risk prediction to identify patients at high ischemic risk who
may benefit from more potent antithrombotic therapy while
balancing the risk for potentially significant bleeding. The
ACTION mortality model has been validated to predict
mortality, but does not incorporate other factors that may be
important in initial prasugrel selection, such as angiographic
lesion severity, stent thrombosis, or pharmacogenomic
characteristics.

Our study has a number of important limitations that
warrant consideration. First, TRANSLATE-ACS did not cap-
ture provider-reported rationale for ADPri selection. While
participating hospital formularies permitted both prasugrel

Figure 2. Prasugrel selection by predicted mortality and bleeding
risks. Each bar represents the percentage of patients initially
receiving prasugrel across strata or mortality and bleeding risk.
High-risk patients include those with ACTION mortality or bleeding
scores above the population median. ACTION indicates Acute
Coronary Treatment and Intervention Outcomes.

Figure 3. Correlation of ACTION mortality and bleeding risk scores, stratified by ADPri selection. This
figure represents a scatter plot of all patients by ACTION mortality and bleeding risk score stratified by
initial ADPri selection (red=prasugrel, blue=clopidogrel). The horizontal line and vertical line represent the
median ACTION mortality and bleeding risk scores, respectively. Penalized B-splines curves were created
for clopidogrel and prasugrel. ADPri indicates ADP receptor inhibitor. ACTION indicates Acute Coronary
Treatment and Intervention Outcomes.
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and clopidogrel treatment options, there may be provider
treatment preferences, institutional care pathways, or order
templates that influenced ADPri selection and were not
accounted for in this study. Next, although the ACTION
mortality and bleeding risk models have been extensively
validated, we observed significant overlap in predicted risk
in our study population, which underscores the limited
capacity of these models to accurately discriminate patients
at high predicted mortality risk and low predicted bleeding
risk or vice versa. Additionally, the hospitals that partici-
pated in the TRANSLATE-ACS study may not be broadly
representative of hospitals across the country. Finally,
despite robust multivariable adjustment, as this is an
observational analysis, we are unable to draw causal
inferences from these results, and the possibility of
unmeasured confounding may exist.

Conclusions
Among contemporary patients presenting with acute MI, the
strongest factors associated with initial prasugrel selection
were age, DES placement, STEMI presentation, and cardio-
genic shock, whereas prasugrel was avoided in patients with
risk factors for bleeding. Given the overlap of bleeding and
mortality risk predictors, this may result in underutilization of
higher potency ADPri among patients more likely to derive
ischemic benefit from more potent antithrombotic therapy.
Our study highlights the importance of more granular risk
stratification when initially selecting ADPri to identify patients
for whom the benefit of more potent ADPri may offset
increased bleeding risk.
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Table 3. Major Adverse Cardiovascular Events and GUSTO Moderate/Severe Bleeding Rates Stratified by Mortality and Bleeding
Risks

Predicted Risk

MACE (Pras vs Clop) Moderate/Severe Bleeding (Pras vs Clop)

Unadjusted (%) Adj. HR 95% CI Unadjusted (%) Adj. HR 95% CI

High mortality N=5396 14.8 vs 18.8* 1.16 0.89 to 1.50 3.8 vs 5.0 1.20 0.70 to 2.08

Low mortality N=6573 12.2 vs 15.5* 0.94 0.77 to 1.15 2.0 vs 2.4 1.55 0.89 to 2.70

High bleeding N=5532 17.8 vs 20.8* 1.18 0.94 to 1.48 4.3 vs 5.5 1.47 0.91 to 2.38

Low bleeding N=6437 10.4 vs 13.6* 0.88 0.70 to 1.10 1.6 vs 1.9 0.99 0.60 to 1.63

High mortality

Low bleeding N=1755 10.6 vs 13.9 1.03 0.61 to 1.76 2.4 vs 3.1 0.74 0.34 to 1.61

High bleeding N=3641 17.4 vs 21.0 1.21 0.91 to 1.62 4.6 vs 5.9 1.34 0.72 to 2.48

Low mortality

High bleeding N=1891 18.3 vs 20.3 1.13 0.80 to 1.62 3.9 vs 4.7 1.83 0.85 to 3.95

Low bleeding N=4682 10.3 vs 13.5* 0.83 0.67 to 1.03 1.4 vs 1.4 1.20 0.63 to 2.29

Clop indicates clopidogrel; GUSTO, Global Utilization of Streptokinase and t-PA for Occluded Coronary Arteries; HR, hazard ratio; MACE, major adverse cardiovascular events; Pras, prasugrel.
*P≤0.05.
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SUPPLEMENTAL MATERIAL 
 

 

 

 

Table S1. TRANSLATE-ACS model covariate list: 

 

 

Variable 

 

Variable type 

Age  Continuous 

Age ≥75/<75 years 

Male gender Yes/no 

Race  White/Black/Other 

Hispanic Yes/no 

Private insurance Yes/no 

Federal/State insurance Yes/no 

None/Non-US insurance Yes/no 

Income (based on zip code data and income per 

neighborhood) 

Continuous 

Prior MI  Yes/no 

Prior PCI  Yes/no 

Prior CABG  Yes/no 

History of Cerebrovascular disease  Yes/no 

Prior Stroke or TIA  Yes/no 

History of Peripheral Artery Disease  Yes/no 

Prior HF  Yes/no 

History of Atrial Fibrillation/Flutter  Yes/no 

Diabetes  Yes/no 

Hypertension  Yes/no 

Dyslipidemia  Yes/no 

Dialysis  Yes/no 

Current/Recent Smoker  Yes/no 

Chronic Lung Disease  Yes/no 

GI/GU bleeding within last 6 months  Yes/no 

Home aspirin use (prior to admission) Yes/no 

Home any ADPri use Yes/no 

Home oral anticoagulant use Yes/no 

STEMI (vs Non-STEMI) Yes/no 

Cardiac Arrest w/in 24 hours  Yes/no 

Cardiogenic shock w/in 24 hours  Yes/no 

HF w/in 2 weeks  Yes/no 

BMI  Continuous 

Body weight ≥60 kg/<60 kg 



Admission heart rate  Continuous 

Admission systolic BP  Continuous 

Arterial access site Femoral vs. non-femoral 

Duke CAD index  Continuous 

Left main disease* Yes/no 

Number of diseased vessels* 1,2,3 

Lesion length (summed) Continuous 

Number of lesions treated Continuous 

Bifurcation lesion  Yes/no 

Graft lesion  Yes/no 

Lesion success  Yes/no 

BMS  Yes/no 

DES Yes/no 

Other PCI device (no stent) Yes/no 

Ejection Fraction  Continuous 

Pre-procedure Troponin  Continuous 

Pre-procedure Hemoglobin  Continuous 

Creatinine clearance (only calculated for patients not 

on dialysis; set to a pre-specified value for those on 

dialysis) 

Continuous 

Married  Yes/no 

High School graduate  Yes/no 

Employed  Yes/no 

Transfer-in status Yes/no 

EQ5D index Continuous 

EQ5D VAS score Continuous 

 

 


