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ABSTRACT

BACKGROUND As a foundation for quality improvement, assessing clinical outcomes across hospitals requires
appropriate risk adjustment to account for differences in patient case mix, including presentation after cardiac arrest.

OBJECTIVES The aim of this study was to develop and validate a parsimonious patient-level clinical risk model of in-
hospital mortality for contemporary patients with acute myocardial infarction.

METHODS Patient characteristics at the time of presentation in the ACTION (Acute Coronary Treatment and Intervention
Outcomes Network) Registry-GWTG (Get With the Guidelines) database from January 2012 through December 2013 were
used to develop a multivariate hierarchical logistic regression model predicting in-hospital mortality. The population
(243,440 patients from 655 hospitals) was divided into a 60% sample for model derivation, with the remaining 40% used
for model validation. A simplified risk score was created to enable prospective risk stratification in clinical care.

RESULTS The in-hospital mortality rate was 4.6%. Age, heart rate, systolic blood pressure, presentation after cardiac
arrest, presentation in cardiogenic shock, presentation in heart failure, presentation with ST-segment elevation
myocardial infarction, creatinine clearance, and troponin ratio were all independently associated with in-hospital mor-
tality. The C statistic was 0.88, with good calibration. The model performed well in subgroups based on age; sex;
race; transfer status; and the presence of diabetes mellitus, renal dysfunction, cardiac arrest, cardiogenic shock, and
ST-segment elevation myocardial infarction. Observed mortality rates varied substantially across risk groups, ranging
from 0.4% in the lowest risk group (score <30) to 49.5% in the highest risk group (score >59).

CONCLUSIONS This parsimonious risk model for in-hospital mortality is a valid instrument for risk adjustment
and risk stratification in contemporary patients with acute myocardial infarction. (J Am Coll Cardiol 2016;68:626-35)
© 2016 by the American College of Cardiology Foundation.
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ortality from cardiovascular disease has

decreased dramatically over the past few

decades (1), in part because of improve-
ments in acute myocardial infarction (AMI) manage-
ment (2). In-hospital mortality has decreased from
29% in 1969 (3) to <7% today (4,5). However, more
than 100,000 people continue to die after AMIs in
the United States each year (1), and in-hospital
mortality varies substantially across hospitals (5),
suggesting an opportunity for improvement. Adjust-
ment for the variation in patient risk across hospitals
is essential to enable a more accurate assessment
of each hospital’s performance and opportunity to
improve.

SEE PAGE 636

Although many risk models of in-hospital mortality
have been developed for patients with AMI (6-13),
few have included a representative sample from
routine clinical care. In 2011, a simple, validated risk
model was developed using data from the ACTION
(Acute Coronary Treatment and Intervention Out-
comes Network) Registry-GWTG (Get With the
Guidelines), which included patients from more than
300 hospitals (14). Since that time, ACTION Registry-
GWTG collection has been expanded to identify pa-
tients presenting after cardiac arrest at the time of AMI
presentation. Being able to adjust for cardiac arrest is
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ABBREVIATIONS
AND ACRONYMS

critical because it is a well-documented pre-
dictor of mortality (10,15). Moreover,
continued improvement in AMI care man-

. . . AMI = acute myocardial
dates periodic updates to the risk models so

infarction
that hospitals can assess their quality as
contemporary care continues to evolve.

To update the existing ACTION-GWTG
mortality risk model, we rebuilt the ACTION
Registry-GWTG in-hospital mortality risk model
using data from January 2012 through December 2013.
We also sought to build a parsimonious risk score that
could be used prospectively for risk stratification.
These tools are designed to be used to further support
quality improvement and to aid in clinical manage-
ment during an AMI.

NSTEMI = non-ST-segment
elevation myocardial infarction

STEMI = ST-segment elevation
myocardial infarction

METHODS

ACTION Registry-GWTG is a voluntary, hospital-
based registry that receives data on consecutive
patients admitted with AMI, either ST-segment
elevation myocardial infarction (STEMI) or non-
ST-segment  elevation myocardial infarction
(NSTEMI), from participating hospitals across the
United States. The ACTION Registry-GWTG design
and methods have been described previously (16).
Briefly, participating hospitals collect data through
retrospective chart review using standardized data

FIGURE 1 Patient Flow Diagram
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STEMI = ST-segment elevation myocardial infarction.

The study population enrolled from ACTION (Acute Coronary Treatment and Intervention Outcomes Network) Registry-GWTG (Get With
the Guidelines) was divided into derivation and validation cohorts. NSTEMI = non-ST-segment elevation myocardial infarction;
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TABLE 1 Baseline Characteristics

Derivation Cohort

Validation Cohort

Medical history  History of diabetes mellitus
History of hypertension
History of dyslipidemia
Current/recent smoker
History of chronic lung disease
Current dialysis
History of MI
History of HF
Prior PCI
Prior CABG
History of atrial fibrillation
Prior cerebrovascular disease
Prior peripheral arterial disease
Presentation After cardiac arrest
In cardiogenic shock
In HF
Heart rate, beats/min
SBP, mm Hg
Presentation ECG STEMI

New or presumed new
ST-segment depression

New or presumed new
T-wave inversion

Transient ST-segment elevation
lasting <20 min
Initial laboratory Troponin ratio
values Creatinine, mg/dl
Creatinine clearance, ml/min

Hemoglobin, g/dl

48,846 (33.5)
108,215 (74.2)
89,144 (61.1)
49,993 (34.3)
21,170 (14.5)
3,614 (2.5)
36,785 (25.2)
18,240 (12.5)
36,516 (25.0)
19,829 (13.6)
10,900 (7.5)
17,771 12.2)
13,835 (9.5)
6,008 (4.1)
5,843 (4.0)
19,516 (13.4)
84.2 + 24.0
145.4 + 34.7
57,039 (39.1)
17,180 (11.8)

11,865 (8.1)

1,801 (1.2)

2.3(0.5-14.3)
1.3+1.2

68.9 £ 25.3
13.8 £2.2

Candidate Data Element (n =145,952) (n =97,488)

Demographics Age, yrs 64.6 +13.8 64.6 +13.8
Weight, kg 86.5 + 22.1 86.5 + 22.1

Female 50,723 (34.8) 33,671 (34.5)

32,663 (33.5)
72,390 (74.3)
59,935 (61.5)
33,486 (34.4)
14,435 (14.8)
2,457 (2.5)
24,681 (25.3)
12,371 (12.7)
24,704 (25.4)
13,448 (13.8)
7,433 (7.6)
1,895 (12.2)
9,589 (9.8)
3,883 (4.0)
3,838 3.9)
13,044 (13.4)
84.2 + 24.0
145.5 + 34.7
38,060 (39.0)
11,488 (11.8)

7,917 (8.1)

1,178 (1.2)

2.2 (0.5-14.1)
1.3+1.2
68.9 £ 25.3
13.8 £2.2

Values are mean + SD, n (%), or median (interquartile range).

infarction.

CABG = coronary artery bypass graft surgery; ECG = electrocardiography; HF = heart failure; PCl = percu-
taneous coronary intervention; SBP = systolic blood pressure; STEMI = ST-segment elevation myocardial

TABLE 2 Selected Management: Derivation Cohort
Management STEMI NSTEMI
Within 24 h Aspirin 96.8 94.7
Beta-blockers 75.8 76.0
Angiotensin-converting 43.0 33.6
enzyme inhibitor
Angiotensin receptor 5.0 8.4
blockers
Clopidogrel 56.0 43.4
Prasugrel 25.5 8.4
Reperfusion Primary PCI 88.4 Not applicable
Thrombolytic therapy 6.3 Not applicable
During hospitalization Left ventricular ejection 47.5 49.7
fraction assessed
Angiography 97.3 82,5
Values are %.
NSTEMI = non-ST-segment elevation myocardial infarction; other abbreviations as in Table 1.
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collection tools that do not require direct patient
contact. Collected data include patient demographics;
presenting features; pre-hospital, in-hospital, and
hospital discharge therapy; timing of treatments; lab-
oratory tests; procedures; and in-hospital outcomes.
On the basis of individual site determinations, this
registry was either approved by an Institutional Re-
view Board or considered a quality assurance effort
and thus not subject to Institutional Review Board
approval (16). The National Cardiovascular Data Reg-
istry also has a data quality program, including data
abstraction training, data quality thresholds for in-
clusion, site data quality feedback reports, indepen-
dent auditing, and data validation (17). Data auditing
has demonstrated accurate representation with
agreement with chart review of 93% (18).

PATIENT POPULATION. Between January 2012 and
December 2013, a total of 254,066 patients with AMI
(NSTEMI and STEMI) from 665 participating hospitals
were included in the registry (Figure 1). To ensure
more complete outcome data, patients were excluded
if they were transferred out of participating hospitals
(n = 10,626), leaving a final analytic sample of
243,440 patients. This cohort was randomly divided
into a derivation cohort (60% [n = 145,952]) and a
validation cohort (40% [n = 97,288]).

DATA DEFINITIONS. Standard definitions have been
established for the data elements captured in the
ACTION Registry-GWTG database. Mortality was
defined as all-cause mortality during hospitalization.
Of particular relevance to this updated analysis,
cardiac arrest was defined as “evaluated by EMS
(Emergency Medical System) or ED (Emergency
Department) personnel and either: 1) received at-
tempts at external defibrillation (by lay responders or
emergency personnel) or chest compressions by
organized EMS or ED personnel; or 2) were pulseless
at the time of presentation.” Vital signs were deter-
mined at the time of first medical presentation.
Baseline creatinine clearance was estimated using the
Cockcroft-Gault formula (19). Baseline troponin ratio
was defined as the baseline troponin value divided by
the local laboratory-specific upper limit of normal.
This approach accounted for the different local labo-
ratory troponin assays using different reference
ranges and has been used previously to investigate
the association of maximum troponin ratio with out-
comes (20). Electrocardiograms at presentation were
interpreted locally.

STATISTICAL ANALYSIS. The study cohort was
divided into derivation and validation cohorts by
random number generation from a uniform (0,1) dis-
tribution. Initial candidate variables for the model
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were identified from the list of all ACTION Registry-
GWTG data elements that would be known at the time
of initial hospital presentation (variables in Table 1).
Data are expressed as mean + SD for continuous
variables and as number (percentage) for categorical
variables. Extreme values for continuous variables
were set to outer limits on the basis of clinical
judgment.

The unadjusted association between each candi-
date variable and in-hospital mortality was tested
with Student ¢ tests for continuous variables and chi-
square tests for categorical variables. Hierarchical
logistic regression was used with site as a random
effect to generate the risk model from the selected
variables, with odds ratios and 95% confidence in-
tervals shown. To establish a parsimonious model, a
backward selection process using the variables listed
in Table 1 was performed until 90% of the full model
R? value was retained (21). Discrimination and cali-
bration in the validation cohort were then tested by
computing the C statistic and calibration slope and
intercept, with a slope of 1 and an intercept of
0 indicating perfect calibration. The computed risk
(on the logit scale) was used as a predictor variable in
the validation cohort, and the slope and intercept
were tested on the model (22). The final model is
based on the derivation cohort only. Model perfor-
mance in pre-specified subgroups was also examined.
Finally, an in-hospital risk score was created by
assigning weighted values to the variables identified
by the final model. The risk score was then calculated
by adding all the individual weighted values. All an-
alyses were performed in SAS version 9.4 (SAS Insti-
tute, Cary, North Carolina).

This research was conducted in compliance with
federal guidelines, including the Common Rule
(45 CFR 46). Chesapeake Research Review served as
the internal review board. ACTION Registry-GWTG
has submitted a protocol to the internal review
board and has been granted a waiver of informed
consent.

RESULTS

In terms of baseline characteristics for the derivation
(n = 145,952) and validation (n = 97,288) cohorts
(Table 1), no important differences were observed
between the 2 groups. Selected in-hospital manage-
ment is shown in Table 2.

The bivariate relationships between patient char-
acteristics and in-hospital mortality are shown
for continuous variables in Table 3 and for categor-
ical variables in Table 4. In multivariate analysis
(Table 5), 9 variables were independently associated
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TABLE 3 Baseline Characteristics (Continuous Variable) per
In-Hospital Mortality

Patient Alive Patient Died

Data Element (n =139,207) (n = 6,745) p Value
Age, yrs 64.3 +13.8 723 £ 135 <0.001
Heart rate, beats/min 84.2 +23.2 83.8 +37.3 0.063
SBP, mm Hg 147.1 + 33.0 110.6 + 49.3 <0.001
Troponin ratio 2.1(0.4-13.3) 6.8 (1.2-52.2) <0.001
Creatinine, mg/dl 1.3+1.2 1.8 +1.6 <0.001
Creatinine clearance, 69.9 + 24.9 495 + 244 <0.001

ml/min
Hemoglobin, g/dl 13.8 £2.2 12.6 £ 2.4 <0.001

Values are mean =+ SD or median (interquartile range).
SBP = systolic blood pressure.

with in-hospital mortality: age; presenting heart
rate and systolic blood pressure; presentation after
cardiac arrest, in cardiogenic shock, in heart
failure, and with STEMI; creatinine clearance; and
troponin ratio.

The final ACTION Registry-GWTG in-hospital
mortality model had high discrimination in both the
derivation and validation populations, with a C sta-
tistic of 0.88 for both. There was also excellent cali-
bration of the model in the validation cohort

TABLE 4 Bivariate Relationship Between Categorical Variables
and In-Hospital Mortality
In-Hospital
Data Element Group n Mortality (%) p Value
Sex Female 50,723 5.6 <0.0001
Male 95,229 4.1
History of diabetes Yes 48,846 5.5 <0.0001
mellitus No 97,043 42
History of Yes 108,215 4.8 <0.0001
hypertension No 37,702 4.0
History of HF Yes 18,240 85 <0.0001
No 127,522 4.1
Prior M1 Yes 36,785 4.7 0.413
No 109,092 4.6
Prior PCI Yes 36,516 3.8 <0.0001
No 109,368 4.9
Prior CABG Yes 19,829 5.2 <0.0001
No 126,024 4.5
STEMI on ECG Yes 57,039 6.4 <0.0001
No 88,913 35
Presentation after Yes 6,008 32.6 <0.0001
cardiac arrest No 139,503 3.4
Presentation in Yes 5,843 391 <0.0001
cardiogenic shock No 140,020 32
Presentation in HF Yes 19,516 1.3 <0.0001
No 126,350 3.6
Abbreviations as in Table 1.
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TABLE 5 Multivariate Model of In-Hospital Mortality

Derivation Cohort

Unadjusted Validation
Model Adjusted Model Cohort
Data Element OR (95% CI) Coefficient OR (95% CI) OR (95% CI)
Intercept —4.1434
Age, per 5 yrs 1.24 (1.23-1.25) 0.0399 1.22 (1.20-1.23) 1.24 (1.22-1.26)
Heart rate, per 0.99 (0.98-1.00) 0.009203 1.10 (1.09-1.11) 1.09 (1.08-1.10)
10 beats/min
SBP, per 10 mm Hg 1.37 (1.36-1.38) —-0.01819 1.20 (1.19-1.21)  1.19 (1.18-1.21)
decrease
STEMI on ECG 1.94 (1.85-2.04) 0.5971 1.82 (1.71-1.94)  1.81 (1.67-1.95)
Presentation in HF 3.48 (3.29-3.67) 0.5639 1.76 (1.64-1.88) 1.83 (1.68-1.98)
Presentation in 20.45 (19.22-21.76) 1.4674 4.34 (4.00-4.71) 4.22 (3.81-4.67)

cardiogenic shock

Presentation after
cardiac arrest

13.81 (12.98-14.70) 1.6131 5.02 (4.61-5.47) 5.15 (4.62-5.74)

Creatinine clearance, 1.15 (1.14-1.16) —0.02025 1.11 (1.10-1.11) 1.11 (1.10-1.11)
per 5 ml/min/1.73 m?
decrease

Troponin ratio, 1.06 (1.05-1.06) 0.008412 1.04 (1.04-1.05) 1.05 (1.04-1.05)

per 5 units

Cl = confidence interval; OR = odds ratio; other abbreviations as in Table 1.

(Figure 2), with a slope of 0.996 (p = 0.74) and an
intercept of —0.025 (p = 0.42). Additionally, the
model performed well in various important sub-
groups, including patients with STEMI (Figure 3A) or
NSTEMI (Figure 3B) as well as patients with (Figure 3C)

FIGURE 2 Calibration Curve: Validation Cohort
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Expected in-hospital mortality rate was plotted against observed in-hospital mortality rate
for each decile of patient risk.
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and without (Figure 3D) cardiac arrest. Other clinically
important subgroups are shown in Table 6.

The Central Illustration provides a simple integer
score, based on the final risk model, that can be
calculated for prospective risk stratification soon af-
ter patient presentation. The Central Illustration also
shows mortality risk in groups on the basis of risk
score in both the derivation and validation cohorts.
The observed mortality rates in patients with risk
scores <30, 30 to 39, 40 to 49, 50 to 59, and >59 were
0.4%, 1.7%, 5.5%, 18.5%, and 49.5%, respectively.

DISCUSSION

Using data collected from 243,440 consecutive
patients presenting at 665 hospitals participating in
the national ACTION Registry-GWTG from January
2012 through December 2013, we developed and
validated a contemporary risk model to predict in-
hospital mortality for patients after AMI. The final
parsimonious model included age, heart rate, systolic
blood pressure, presentation after cardiac arrest,
presentation in cardiogenic shock, presentation in
heart failure, presentation with STEMI, creatinine
clearance, and troponin ratio as factors for risk
adjustment. The model performed well in an inde-
pendent validation cohort, as well as in various
subgroups stratified by cardiac arrest and other clin-
ical factors. A simplified integer score based on this
model also performed well and can potentially serve
as a foundation for prospective risk stratification at
the point of care.

This work built upon and extended prior mortality
risk models developed for patients with AMI.
Although valuable for the selected populations at the
time of their original development, changes in patient
profiles and AMI management demand updating
these models for accurate comparisons across hospi-
tals and for prospective risk stratification. For
instance, the GRACE (Global Registry of Acute Coro-
nary Events) score was developed on nonconsecutive
patients (10) in select international clinical sites, and
the TIMI (Thrombolysis In Myocardial Infarction) and
GUSTO (Global Use of Strategies to Open Occluded
Arteries) scores were developed in clinical trial pop-
ulations of patients with STEMI (21,22) or NSTEMI or
unstable angina (8). In addition, since the creation of
these models, significant advances have been made in
the diagnosis and care of patients with AMI. More-
over, the publicly reported measure for 30-day AMI
mortality used by the Centers for Medicare and
Medicaid Services incorporates administrative rather
than clinical data, is restricted to patients older than
65 years (23), and is not amenable to clinical use.
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(D) cardiac arrest.

Expected in-hospital mortality rate was plotted against observed in-hospital mortality rate for each decile of patient risk in subgroups with (A)
ST-segment elevation myocardial infarction (STEMI), (B) non-ST-segment elevation myocardial infarction (NSTEMI), (C) no cardiac arrest, and

Given the inherent differences in the populations and
goals of these models, the present ACTION Registry-
GWTG model was not tested against these prior
models.

The new risk model compared favorably with
a previous risk model developed using ACTION
Registry-GWTG data from 2007 and 2008 (14), which
has been subsequently used for quality feedback to
participating hospitals. Many of the data elements
used for risk adjustment were identical, including
age, presenting systolic blood pressure, and troponin
ratio. Not surprisingly the main difference in risk
adjustment for the new model was the ability to
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include presentation after cardiac arrest, which was
not available at the time the previous model was
created. Splines and interactions were no longer sig-
nificant, resulting in a simpler model for prospective
use. Other subtle differences between the present
and previous models include the use of creatinine
clearance rather than serum creatinine level (which
was less predictive) and the separation of heart
failure and cardiogenic shock at the time of presen-
tation, which were both independently associated
with in-hospital mortality.

Cardiac arrest has been shown to be an important
predictor of AMI mortality in multiple previous
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TABLE 6 Model Performance in Subgroups

Subgroup Sample Size C Statistic
Full validation cohort 97,488 0.877
Caucasian 82,519 0.877
African American 11,283 0.868
Other race 3,742 0.887
Male 63,817 0.886
Female 33,671 0.855
Age <75 yrs 72,548 0.887
Age =75 yrs 24,940 0.805
Transferred in 28,640 0.876
Not transferred in 68,848 0.876
Diabetes mellitus 32,663 0.852
No diabetes mellitus 64,785 0.888
Creatinine clearance 20,249 0.821
<50 ml/min/1.73 m?
Creatinine clearance 77,239 0.864
=50 ml/min/1.73 m?
Cardiac arrest 3,883 0.788
No cardiac arrest 93,319 0.848
Shock 3,824 0.741
No shock 93,592 0.837
STEMI 38,060 0.895
NSTEMI 59,428 0.851

Abbreviations as in Tables 1 and 2.

studies (10,15,24-26). The National Cardiovascular
Data Registry CathPCI risk model (27) includes these
patients in the cohort, and presentation after cardiac
arrest is an important factor in risk adjustment.
However, inclusion of patients with cardiac arrest in
mortality comparisons in the setting of percutaneous
coronary intervention has been controversial, as
many believe that the models are inadequate to fully
adjust for the risk for these events, given their het-
erogeneity in clinical severity, and inclusion of these
patients in hospital scorecards for percutaneous cor-
onary intervention can result in unintended conse-
quences to withhold aggressive treatment (28-30).
Because our model was developed for all patients
with AMI, not only those taken to the cardiac cathe-
terization laboratory, this consideration is less rele-
vant. In fact, inclusion of these patients may drive
more appropriate care, because their outcomes are
clearly poor without acute revascularization, and
more aggressive hospitals will have better risk-
adjusted outcomes if their use of revascularization
improves survival of these patients.

The new ACTION Registry-GWTG mortality risk
model discriminated very well in both the derivation
and validation cohorts (C statistic = 0.88), results
that compare favorably with those from the prior
model (C statistic = 0.85 and 0.84, respectively).
Furthermore, these C statistics align well with other
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clinical risk models in patients with AMI (8,10,31,32).
Importantly, the model performed well across a
broad range of patient subgroups, including those
presenting after cardiac arrest. The C statistics are
high in this model in part because overall mortality is
relatively low, except for some patients with very
high risk characteristics, such as presentation in
cardiogenic shock and presentation with cardiac ar-
rest. Thus, the model may be more useful for
benchmarking mortality outcomes, rather than pro-
spective clinical decision making, given that it is
often not difficult to identify patients with these
high-risk characteristics.

STUDY LIMITATIONS. Although this model repre-
sents a robust, parsimonious approach to contempo-
rary risk adjustment methodology for in-hospital
mortality after AMI, it should be considered in the
context of some potential limitations. First, ACTION
Registry-GWTG is a voluntary registry; the contrib-
uting hospitals tend to be larger referral centers and
are more likely to have PCI capabilities than the
average U.S. hospital. In-hospital outcomes at these
centers may not be generalizable to all hospitals car-
ing for these patients.

Second, patients transferred from 1 hospital to
another present a question of outcome attribution.
For this model, patients transferred from other
hospitals were included, and outcomes were attrib-
uted to the receiving hospital. It is reassuring that
the model performed similarly in these patients
compared with patients not transferred in. Patients
transferring out of the participating hospital were
excluded, as outcome ascertainment was not
possible. Patients transferred out were a small mi-
nority (3.3%) of the overall study population, and
their exclusion seems unlikely to have affected the
model substantially.

Third, the candidate risk adjustment variables
were limited to those available in ACTION Registry-
GWTG. In particular, incorporating more information
on patients presenting after cardiac arrest, such as
whether the arrest was witnessed and presenting
neurological status, would likely create a more
robust model. In addition, including more informa-
tion regarding patient baseline health status, such
as frailty, and other acute noncardiac conditions,
such as pneumonia, would increase robustness as
these are likely to be strongly associated with
mortality (33).

Fourth, ACTION Registry-GWTG only assesses
in-hospital outcomes. Fixed-time outcomes, such as
30-day mortality, would not depend on length of stay,
which is a potential confounder.
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Points 40-49
(n =46,230)

Points 50-59
(n=14,648)

Points >59 '
(n =6,928)

Using data from the ACTION (Acute Coronary Treatment and Intervention Outcomes Network) Registry-GWTG (Get With the Guidelines) database, a multivariate hierarchical logistic
regression model was developed to predict in-hospital mortality in patients presenting with acute myocardial infarction (AMI), with points assigned for each value for each parameter
(A). Observed in-hospital mortality rates for the validation cohort varied substantially by risk score (B), ranging from as low as 0.4% in the lowest risk group (score <30) to 49.5%
in the highest risk group (score >59). CrCl = creatinine clearance; Pts = points; SBP = systolic blood pressure; STEMI = ST-segment elevation myocardial infarction.
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Finally, the model has been validated using only
ACTION Registry-GWTG data; it has not been vali-
dated on an external dataset.

CONCLUSIONS

The new ACTION Registry-GWTG in-hospital mortality
risk model and risk score represent robust, parsimo-
nious, and contemporary risk adjustment methodol-
ogy for use in routine clinical care and hospital quality
assessment. The addition of risk adjustment for pa-
tients presenting after cardiac arrest is critically
important and enables a fairer assessment across hos-
pitals with varied case mix. This new model should
enable improved assessment of hospital quality and
enhance research into best practices to further reduce
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COMPETENCY IN PRACTICE-BASED LEARNING
AND IMPROVEMENT: In patients with AMI, older
age, high heart rate, low systolic blood pressure,
cardiac arrest, cardiogenic shock, heart failure, ST-
segment elevation, low creatinine clearance, and high
troponin ratio were independently associated with in-
hospital mortality.

TRANSLATIONAL OUTLOOK: This risk model for

mortality in patients with AMI.

REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Robert L. McNamara, Department of Internal

in-hospital mortality could facilitate comparisons of
hospital performance and evaluate interventions to
improve the outcomes of patients with AMI.
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