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Risk Score to Predict Need for Intensive Care in Initially
Hemodynamically Stable Adults With Non—-ST-Segment—Elevation

Myocardial Infarction
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Background—Intensive care unit (ICU) use for initially stable patients presenting with non—-ST-segment—elevation myocardial
infarction (NSTEMI) varies widely across hospitals and minimally correlates with severity of illness. We aimed to develop a bedside
risk score to assist in identifying high-risk patients with NSTEMI for ICU admission.

Methods and Results—Using the Acute Coronary Treatment and Intervention Outcomes Network (ACTION) Registry linked to
Medicare data, we identified patients with NSTEMI aged >65 years without cardiogenic shock or cardiac arrest on presentation.
Complications requiring ICU care were defined as subsequent development of cardiac arrest, shock, high-grade atrioventricular
block, respiratory failure, stroke, or death during the index hospitalization. We developed and validated a model and integer risk
score (Acute Coronary Treatment and Intervention Outcomes Network (ACTION) ICU risk score) that uses variables present at
hospital admission to predict requirement for ICU care. Of 29 973 patients with NSTEMI, 4282 (14%) developed a complication
requiring ICU-level care, yet 12 879 (43%) received care in an ICU. Signs or symptoms of heart failure, initial heart rate, initial
systolic blood pressure, initial troponin, initial serum creatinine, prior revascularization, chronic lung disease, ST-segment
depression, and age had statistically significant associations with requirement for ICU care after adjusting for other risk factors.
The ACTION ICU risk score had a C-statistic of 0.72. It identified 11% of patients as having very high risk (>30%) of developing
complications requiring ICU care and 49% as having low likelihood (<10%) of requiring an ICU.

Conclusions—The ACTION ICU risk score quantifies the risk of initially stable patients with NSTEMI developing a complication
requiring ICU care, and could be used to more effectively allocate limited ICU resources. (/ Am Heart Assoc. 2018;7:e008894.
DOI: 10.1161/JAHA.118.008894.)
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non—ST-segment—elevation myocardial infarction
(NSTEMI)."™ ICU use is only minimally correlated with
severity of illness, with many low-risk patients treated in
the ICU and many high-risk patients not treated in the
ICU.* In one study, 41% of patients with NSTEMI with a

C onsiderable interhospital variability in intensive care
unit (ICU) use has been observed for patients with
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predicted risk of in-hospital mortality <1% were treated in
the ICU, and more than half of patients with initial serum
troponin elevations >10 times the institution’s upper limit
of normal were not treated in an ICU.* Given non-—risk-
driven use patterns, it is perhaps unsurprising that higher
hospital-level ICU use is not associated with lower patient
mortality.' ™

ICU care is considerably more expensive than care in a
general or step-down hospital unit, but 1 in 8 US hospitals
routinely treat hemodynamically stable patients with NSTEMI
in the ICU.*® Among initially stable patients with NSTEMI,
only a minority deteriorate clinically while hospitalized and
require 1CU-level care for stabilization of critical illness.
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Clinical Perspective

What Is New?

Of initially stable patients with non—ST-segment—elevation
myocardial infarction, 43% are treated in an intensive care
unit (ICU), but only 14% ultimately develop complications
requiring ICU care during their hospital stay.

Nine variables available on presentation to the emergency
department predict the development of complications
requiring ICU care: signs or symptoms of heart failure,
initial heart rate, initial systolic blood pressure, initial
troponin, initial serum creatinine, prior revascularization,
chronic lung disease, ST-segment depression, and age.

* An integer risk score (the Acute Coronary Treatment and
Intervention Outcomes Network; ACTION ICU score) based
on these variables predicts a patient’s risk of developing
complications requiring ICU care.

What Are the Clinical Implications?

» Current practice patterns suggest that hospitals do not use
objective markers of risk when making ICU admission
decisions for initially stable patients with non—ST-segment—
elevation myocardial infarction, and no prior risk score
existed to predict need for ICU care.

Hospitals and providers can use the ACTION ICU risk score
to guide risk-based location of care decision making for
initially stable patients with non-ST-segment—elevation
myocardial infarction by selecting a threshold score and

admitting patients with non—ST-segment—elevation myocar-
dial infarction with scores greater than the threshold to the
ICU and scores less than the threshold to a non-ICU bed.

Rational resource use decision making requires an early risk
stratification tool that can be practically implemented to guide
selective risk-based ICU use.® Although several mortality risk
scores have been developed for patients with NSTEMI,” ' the
performance of these risk scores has not been evaluated for
the purpose of predicting need for ICU level of care among
initially stable patients with NSTEMI, nor has a risk score been
developed for this purpose.

The Acute Coronary Treatment and Intervention Outcomes
Network (ACTION) Registry collects detailed clinical data for
consecutive patients with Ml treated in routine practice in the
United States.'"'? Using this registry, linked to Centers for
Medicare and Medicaid Services data, we aimed to derive and
validate a multivariable model and bedside risk score (the
ACTION ICU risk score) that uses clinical information available
at the time of hospital admission to predict the in-hospital
development of a complication requiring ICU care, including
cardiac arrest, shock, heart block requiring pacemaker
placement, stroke, respiratory failure, or death.

Methods

The data, analytic methods, and study materials cannot be
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure.

Patient Population

The ACTION Registry is a quality improvement registry that
captures consecutive patients presenting to participating
hospitals with ischemic symptoms and diagnosed with
STEMI or NSTEML'"'? Patients >65 years old in the
ACTION Registry have previously been linked to their
Centers for Medicare and Medicaid Services claims data
using 5 indirect identifiers (date of birth, sex, hospital
identifier, date of admission, and date of discharge).m‘15
Of 44 915 NSTEMI admissions in the linked database
between April 1, 2011, and December 31, 2012, we
excluded 12 433 patients who initially presented to
hospitals that do not participate in the ACTION Registry,
and were transferred from those hospitals into ACTION
Registry hospitals, because triage decisions for these
patients may involve uncaptured patient characteristics
(such as hospital course up to the time of transfer) and
hospital transfer policies. We excluded patients with
cardiac arrest (n=688) or cardiogenic shock (n=473) on
admission, because these patients have a clear require-
ment for ICU care. For patients with multiple MI admis-
sions during the study period (n=1348), follow-up began at
the start of the first admission. The prediction model and
ACTION ICU risk score were therefore constructed using
data for 29 973 unique patients presenting to 499
hospitals (Figure 1).

Data Definitions

This risk model was designed to predict, at the time of
admission, the subsequent development of in-hospital com-
plications requiring ICU care. We defined complications
requiring ICU care as cardiac arrest, shock, heart block
requiring pacemaker placement, respiratory failure, stroke, or
death occurring any time during the hospitalization. These
complications were chosen on the basis of clinical judgment
and reflect events that frequently require ICU interventions,
such as use of vasopressors, mechanical hemodynamic
support devices, mechanical ventilation, central venous
access, and invasive hemodynamic monitoring. Complications
were identified both by the ACTION Registry data collection
form and Centers for Medicare and Medicaid Services claims
data (Table S1). Candidate variables for the model were
identified from a list of all ACTION Registry variables and
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44,915 NSTEMI patients = 65 years old at 502 hospitals
in ACTION Registry linked to CMS data
between 4/2011 and 12/2012

—»| hospital and transferred in:

v

Initially admitted to non-ACTION Registry

No. excluded = 12,433

Cardiac arrest on admission:
No. excluded = 688

Cardiogenic shock on admission:
No. excluded = 473

Repeat MI admission during study period:
No. excluded = 1,348

29,973 hemodynamically stable NSTEMI patients directly
admitted to 499 ACTION Registry hospitals

L 4

I

25,691 (85.7%) patients did not develop
complications mandating ICU care

4,282 (14.3%) patients developed
complications mandating ICU care

i 4

:

! .

15,874 (61.8%)
patients not treated in
an ICU

9,817 (38.2%)
patients treated in
anICU

1,220 (28.5%) 3,062 (71.5%)
patients not treated in patients treated in
anICU anICU

Figure 1. Study flow. ACTION indicates Acute Coronary Treatment and Intervention Outcomes Network;
CMS, Centers for Medicare and Medicaid Services; ICU, intensive care unit; NSTEMI, non—ST-segment—

elevation myocardial infarction.

medical history variables from Centers for Medicare and
Medicaid Services claims data that would be known to a
provider determining location of care at the time of hospital
admission (Data S1).'67"8

Statistical Analysis

Baseline patient characteristics and laboratory results were
stratified by requiring ICU care status. Categorical variables
were reported as frequencies with percentages, and contin-
uous variables were reported as medians with 25th and 75th
percentiles. % and Wilcoxon rank-sum tests were used to
compare categorical and continuous variables, respectively.
Before building a model, continuous variables were
investigated for nonlinearity, and plots of continuous
variables versus outcomes were reviewed to create linear
splines. We created a multivariable logistic regression model
using generalized estimating equations and backward selec-
tion of candidate variables (o to stay=0.05) for the primary
outcome of complications requiring ICU care.'® Generalized
estimating equations were used to account for clustering of
outcomes by hospital. A more parsimonious model was
derived by removing the least important factors, on the basis
of %2, stopping when the linear predictor for the reduced
model maintained 98% of the predictive power of the full

model.?° The predictive performance of the final multivari-
able model was assessed for discrimination by the C-
statistic and calibration by plotting observed versus pre-
dicted probabilities for each decile of predicted risk. The
model was validated by bootstrapping, and this same
procedure was used to generate confidence intervals for
the C-statistic. A point score for predicting requirement for
ICU care (ACTION ICU risk score) was derived by catego-
rizing continuous variables and assigning point values to
each predictor according to its strength of association with
the primary end point. Points were assigned on the natural
log scale, and the estimated coefficients were converted to
the nearest whole number that best preserved the relative
magnitude. The accuracy of this approximation was checked
by calculating the R? for the point score as a predictor of
the continuous X*Beta®® and the R? for event rates
associated with the point score as a predictor of the
continuous model event probabilities across patients. We
validated the multivariable model and ACTION ICU risk score
by deriving an optimism-corrected C-statistic.?’ We calcu-
lated the in-hospital mortality rate for patients in different
ACTION ICU risk score strata, and we identified the number
of patients in each stratum who died without being treated
in the ICU. For comparison, we recalibrated the Global
Registry of Acute Coronary Events (GRACE) mortality risk
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score® in our derivation cohort and calculated a C-statistic to
predict complications requiring ICU care.

For categorical variables, missing values were imputed by
the most frequent group. Rates of missing values were <1%
for all candidate variables. All statistical analyses were
performed at the Duke Clinical Research Institute using SAS
software, version 9.4 (SAS Institute). This project was
supported by a grant from the Agency for Healthcare
Research and Quality (U19H2021092). The Duke University
Medical Center Institutional Review Board approved this
study and granted a waiver of informed consent and
authorization.

Results

Among 29 973 patients with NSTEMI >65 years old without
cardiac arrest or cardiogenic shock on presentation who were
admitted to 499 hospitals across the United States, the
median age was 78 years; 46.7% were women, and 37.2% of
these patients had at least 1 inpatient admission in the prior
year (Table 1). Overall, 4282 patients (14.3%) developed a
complication requiring ICU care: 720 (2.4%) developed cardiac
arrest, 1228 (4.1%) developed shock, 411 (1.4%) had heart
block requiring pacemaker placement, 2774 (9.3%) had
respiratory failure or were mechanically ventilated, 185
(0.6%) developed a stroke or intracranial hemorrhage, and
1196 (4.0%) died. Among patients who developed at least 1
complication requiring ICU care, 1420 (33.2%) had >1
complication. Among patients who died, 935 (78.2%) had at
least 1 other complication.

Although 4282 patients with NSTEMI (14.3%) developed a
complication requiring ICU-level care, 12 879 (43.0%)
received care in an ICU. Of the patients who were treated
in an ICU, only 3062 (23.8%) had a complication requiring ICU
care. Of the 25 691 patients without any ICU-requiring
complications, 9817 (38.2%) were treated in an ICU
(Figure 1).

Univariable associations between baseline characteris-
tics and requirement for ICU care are shown in Table S2.
The final multivariable prediction model is shown in
Table 2; the equation is provided in Data S2. Nine
variables were included in the final multivariable prediction
model and ACTION ICU risk score: signs or symptoms of
heart failure on first medical contact, initial heart rate,
initial systolic blood pressure, initial troponin level, initial
serum creatinine level, prior coronary revascularization,
chronic lung disease, ST-segment depression on the ECG,
and age. The C-statistic (95% confidence interval) for the
9-variable model was 0.73 (0.72-0.74), and the calibration
curve is shown in Figure 2. Figure S1 shows calibration
curves in sex and age subgroups. Overall, and in all

subsets, differences between observed and expected
probabilities were small relative to the spread of predicted
probabilities, indicating good calibration. The integer-based
ACTION ICU risk score (Table 3) had similar discrimina-
tion: C-statistic, 0.72 (95% confidence interval, 0.71-0.73).
The R? for the point score as a predictor of the
continuous X*Beta was 0.95. The R? for event rates
associated with the point score as a predictor of the
continuous model event probabilities (across patients) was
0.94, indicating that the approximation of the multivariable
model with an integer-based risk score was successful and
little information was lost. Internal validation indicated low
optimism in observed C-statistics, <0.001, and the opti-
mism-corrected C-statistic did not change. For compar-
ison, the correlation between the recalibrated GRACE risk
score and the likelihood of a patient developing compli-
cations requiring ICU care (Figure S2) was less linear, with
a C-statistic of 0.69.

Patient Risk Prediction

Figure 3 shows the proportion of patients with each ACTION
ICU risk score developing a complication requiring ICU care;
the likelihood of developing a complication requiring ICU
care increased >10-fold from the lowest to the highest
scores, from 3.4% to 39.3%. Overall, 14.6% of patients had
an ACTION ICU risk score <2, corresponding to a very low
likelihood (<5%) of clinical deterioration requiring ICU care;
48.5% of patients had a score <5, corresponding to a <10%
risk of requiring ICU care, and 11.3% of patients had an
ACTION ICU risk score >12, corresponding to a >30% risk of
requiring ICU care. The sensitivity, specificity, positive
predictive value, and negative predictive value of each
selected ACTION ICU risk score threshold are shown in
Table S3.

Of the 4282 patients who developed a complication
requiring ICU care, 478 died (11.2%) and were never cared for
in the ICU. Table S4 shows the proportion of patients who
died and those who died without receiving ICU care, stratified
by ACTION ICU risk score. Among 4381 patients who had
ACTION ICU risk score <2, 17 (0.4%) died without being
treated in the ICU. In contrast, 150 of 3393 patients (4.4%)
with ACTION ICU risk score >12 died without ever being
treated in the ICU.

Discussion

The ACTION ICU risk score uses 9 variables present at the
time of admission to predict the likelihood that a hemo-
dynamically stable patient presenting with NSTEMI will
develop an in-hospital complication that requires ICU care.
This risk score is of clinical importance given that 43% of
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Table 1. Patient Characteristics

ICU-Requiring
Characteristics Overall (N=29 973) Complication (n=4282) No Complication (n=25 691) P Value
Demographics
Age, y 77 (71-84) 80 (73-86) 77 (70-84) <0.001
Female sex 13 996 (46.7) 2159 (50.4) 11 837 (46.1) <0.001
Nonwhite race 4364 (14.6) 625 (14.6) 3739 (14.6) 0.94
Medical history
Diabetes mellitus 11 989 (40.0) 1892 (44.2) 10 097 (39.3) <0.001
Hypertension 25 943 (86.6) 3738 (87.3) 22 205 (86.4) 0.13
Prior MI 9249 (30.9) 1335 (31.2) 7914 (30.8) 0.63
Prior HF 7158 (23.9) 1516 (35.4) 5642 (22.0) <0.001
Prior PCI 8615 (28.7) 989 (23.1) 7626 (29.7) 0.001
Prior CABG 7343 (24.5) 966 (22.6) 6377 (24.8) <0.001
Prior atrial fibrillation 4482 (15.0) 768 (17.9) 3714 (14.5) <0.001
Prior stroke 4032 (13.5) 726 (17.0) 3306 (12.9) <0.001
Peripheral arterial disease 4844 (16.2) 814 (19.0) 4030 (15.7) <0.001
Current/recent smoker 3851 (12.8) 587 (13.7) 3264 (12.7) 0.07
Chronic lung disease 6294 (21.0) 1269 (29.6) 5025 (19.6) <0.001
Current dialysis 1192 (4.0) 254 (5.9) 938 (3.7) <0.001
Alcohol abuse* 120 (0.4) 22 (0.5) 98 (0.4) 0.20
Dementia* 630 (2.1) 135 (3.2) 495 (1.9) <0.001
Liver disease* 184 (0.6) 33 (0.8 151 (0.6) 0.16
Hypothyroidism* 2187 (7.3) 402 (9.4) 1785 (6.9) <0.001
Drug abuse* 54 (0.2) 9(0.2) 45 (0.2) 0.62
Any hospital admission* 11 159 (37.2) 1951 (45.6) 9208 (35.8) <0.001
Signs and symptoms at presentation
Weight, kg 77 (65-91) 74 (63-88) 78 (66-91) <0.001
Height, cm 168 (160-177) 168 (160-175) 168 (160-178) <0.001
HF 7566 (25.2) 2085 (48.7) 5481 (21.3) <0.001
Heart rate, beats/min 85 (72-101) 94 (77-110) 84 (71-100) <0.001
Systolic blood pressure, mm Hg 146 (125-169) 137 (115-160) 148 (128-170) <0.001
New or presumed new ST-segment depression 6118 (20.4) 1037 (24.2) 5081 (19.8) <0.001
Initial laboratory values
Troponin ratio, xULN 2.4 (0.7-12.0) 4.4 (1.0-26.3) 2.3 (0.6-10.7) <0.001
Serum creatinine, mg/dL" 1.1 (0.9-1.5) 1.3 (1.0-1.8) 1.1 (0.9-1.4) <0.001
Hemoglobin, g/dL 12.9 (11.4-14.2) 12.3 (10.7-13.7) 13.0 (11.5-14.3) <0.001

Categorical variables are presented as frequency (percentage); continuous variables are presented as median (25th—75th percentile). CABG indicates coronary artery bypass graft surgery;
HF, heart failure; ICU, intensive care unit; MI, myocardial infarction; PCI, percutaneous coronary intervention; ULN, upper limit of normal.

*Within the past 12 months from the index admission (not including the index admission).

1'Among nondialysis patients.

patients with NSTEMI without cardiogenic shock or cardiac
arrest are treated in the ICU in contemporary practice, yet
limited and expensive ICU resources may only be needed in
a smaller proportion of these patients.* Use of the risk

score could help hospitals identify patients at highest risk
of clinical deterioration requiring ICU care for direct
admission to the ICU, while safely admitting lower-risk
patients to a non-ICU setting.
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Figure 2. Calibration curve of the multivariable model. Line
graph shows observed vs predicted probability of developing a
complication requiring intensive care unit (ICU) care by decile of
predicted risk.

Risk Prediction in Patients With NSTEMI

Goldman et al developed a risk score to predict need for
intensive care in patients presenting with acute chest pain,
but this model was derived using data from the 1980s when
early invasive management was not routinely used.?” The
GRACE Freedom-From-Events score was developed to predict
in-hospital adverse events, including recurrent Ml, arrhythmia,
heart failure, shock, bleeding, stroke, and death.?® Many of

Table 2. Multivariable Model of In-Hospital Development of
Complications Requiring ICU Care

95% Confidence
Variables Odds Ratio | Interval e
Signs or symptoms of heart 2.64 2.42-2.87 506
failure
Heart rate
Per 5 bpm 1 and <75 bpm 0.90 0.87-0.94 218
Per 5 bpm 1 and >75 bpm 1.12 1.10-1.14
Initial serum creatinine 1.49 1.41-1.59 167
(per 1 mg/dL 1)
Systolic blood pressure 0.90 0.89-0.92 164
(per 10 mm Hg 1)
Initial troponin ratio 1.07 1.05-1.08 128
(per 5x ULN 1)
Chronic lung disease 1.42 1.31-1.55 65
Prior revascularization 0.76 0.70-0.82 52
New or presumed new ST- 1.24 1.14-1.35 24
segment depression*
Age (per 5 year 1) 1.07 1.04-1.10 20

Bpm indicates beats per minute; ICU, intensive care unit; ULN, upper limit of normal.
*vs T-wave inversion, transient ST-segment elevation lasting <20 minutes, or none.

these adverse events (eg, atrial fibrillation) do not necessitate
ICU-level care unless patients are hemodynamically unstable.
Several mortality risk scores have been derived from registry,
clinical trial, and administrative databases,””'2*2° put none
of these have been evaluated for the purpose of predicting
fatal or nonfatal complications requiring ICU care. The
ACTION ICU risk score is thus the first to predict the need
for ICU care in a contemporary population with NSTEMI.

Our risk score overlaps with mortality risk scores in
variables such as age, ST-segment depression, blood pres-
sure, and cardiac biomarker elevation”®%%; these are clinical
factors associated with infarct size that correlate with the
likelihood of developing ICU-requiring cardiac complications.
Unlike MI mortality risk scores, the ACTION ICU score
includes chronic lung disease, likely because of an association
between chronic lung disease and development of respiratory
failure requiring ICU care.?® Although prior coronary artery
disease is typically a marker of higher risk in mortality risk
models,” prior revascularization was associated with lower
likelihood of developing in-hospital complications requiring
ICU care. Patients with prior revascularization may present
earlier after symptom onset,?’?® with earlier treatment
associated with lower likelihood of complications.

The ACTION ICU risk score demonstrated good predictive
ability compared with risk scores commonly applied in the
population with acute coronary syndromes, such as the
Thrombolysis in Myocardial Infarction mortality risk score (C-
statistic, 0.65) or the CRUSADE (Can Rapid risk stratification of
Unstable angina patients Suppress Adverse outcomes with
Early implementation of the American College of Cardiology/
American Heart Association guidelines) bleeding score (C-
statistic, 0.71).”?° The risk of complications requiring ICU care
ranged from 3.4% for patients with ACTION ICU risk scores <1
to 39.3% for patients with ACTION ICU risk scores >14. The
ACTION ICU score performed better than the GRACE risk score
in predicting in-hospital complications requiring ICU care,
which was expected, because the GRACE risk score was not
developed to predict this outcome. More important, despite the
GRACE risk score’s long track record as a mortality prediction
score, its performance for the prediction of ICU-requiring
complications has not been previously evaluated.

Clinical Implications of Risk-Based ICU Admission

Nationally, the total number of critical care beds has
increased by 6.5% even as the total number of hospital beds
has decreased by 4.2%.°° A total of 1 in 8 hospitals currently
treat >70% of their patients with NSTEMI in the ICU, and
several recent reports have identified considerable interhos-
pital variability in ICU use for these patients both in the United
States and internationally, with current ICU triaging decisions
based largely on local practices or provider preferences.' ™ In
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Table 3. ACTION ICU Risk Score

Age,y | Points | Serum Creatinine, mg/dL | Points | Heart Rate, beats/min | Points | Systolic Blood Pressure, mm Hg | Points | Initial Troponin, xULN | Points

<70 0 <1.1 0 <85 0 <125 3 <12 0

>70 1 >1.1 1 85-100 1 125-145 1 >12 2
>100 3 >145 0

Signs or Symptoms of HF Points ST Depression Points Prior Revascularization Points Chronic Lung Disease Points

No 0 No 0 No 1 No 0

Yes 5 Yes 1 Yes 0 Yes 2

To calculate a patient's risk score, add up the point values for each variable. For example, a patient who is 66 years old gets 0 points, and a patient who is 72 years old gets 1 point; a
patient with signs or symptoms of heart failure on presentation gets 5 points, and a patient without heart failure signs or symptoms gets 0 points. Scores can range from 0 to 19 points.

ACTION indicates Acute Coronary Treatment and Intervention Outcomes Network; HF, heart failure; ICU, intensive care unit; ULN, upper limit of normal.

the United States, ~40% of low-risk patients with NSTEMI are
treated in the ICU; this approach likely expends unnecessary
ICU resources on the large number of patients with NSTEMI
who are low risk and can be safely monitored and treated in a
non-ICU setting.* Hospital charges for care in the ICU are >
$3500 per day greater than for care in a non-ICU ward.® With
increasing prevalence of bundled payments that provide fixed
per-patient reimbursement for patients with Ml in the United
States, hospitals are likely to scrutinize ICU resource use
patterns to reduce unnecessary ICU use.®'

Although overuse of ICUs for patients at low risk of
deterioration may lead to economic consequences, underuse
of ICUs for high-risk patients may affect patient safety.
Despite advances in the medical, interventional, and surgical

management of NSTEMI, a proportion of initially stable
patients still deteriorate clinically after admission. In fact, a
third of initially stable patients who developed a complication
had multiple indications for ICU care. As shown in patients
with heart failure, high-risk patients have better outcomes if
they are admitted early to an ICU rather than transferred
there on clinical deterioration.**®> The scenario clinicians
would like to avoid is the patient dying before their ICU-
requiring condition could be managed in the ICU; our study
showed that 11% of patients with NSTEMI who developed a
condition requiring ICU level of care died without ever being
treated in the ICU. Although a few of these deaths may have
been expected (with do not resuscitate orders), with patients
and caregivers electing to remain outside of the ICU, some of
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Figure 3. Proportion of patients requiring intensive care unit (ICU) care by Acute Coronary Treatment and
Intervention Outcomes Network (ACTION) ICU risk score. Bar graph shows the proportion of patients
developing complications requiring ICU care for each ACTION ICU score, and overlaid line graph shows the
cumulative proportion of patients with a score less than or equal to each score.
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these deaths may have been “preventable” if the patient was
triaged early to the ICU. Furthermore, urgent care of a
deteriorating patient outside of the ICU may divert resources
away from other patients in the same ward, potentially
worsening outcomes for these patients.® Selective admission
of patients with NSTEMI at high risk of clinical deterioration
directly to the ICU would maximize patient safety, while
allowing limited ICU beds to be used by patients with truly
critical illnesses. Using the ACTION ICU risk score, patients
with low predicted risk (ACTION ICU score, <2) have a low
rate of mortality (0.8%) and low likelihood of death outside of
the ICU (0.4%), but these risks increase 10-fold with ACTION
risk score >12 (mortality rate, 11.5%, with death outside of
the ICU in 4.4%).

Hospitals need a practical evidence-based tool that can
guide risk-based location of care decision making for patients
with NSTEMI who are hemodynamically stable at the time of
presentation. Individual hospitals will likely select different risk
score thresholds on the basis of patient case mix, ICU size, and
resource availability outside of the ICU at these hospitals. A
hospital with limited telemetry-equipped beds or high patient/
nurse ratios in the non-ICU setting may select a lower threshold.
For example, using a threshold of 5 would triage 50% of patients
with NSTEMI to the ICU for closer monitoring, and non—ICU-
treated patients would have a <10% predicted likelihood of
developing a complication requiring ICU care. In contrast, a
hospital with limited ICU bed availability may elect to use an
ACTION ICU risk score threshold of 12, which would triage only
10% of very high-risk patients with NSTEMI to the ICU. Hospitals
that are currently high ICU users could potentially use the
ACTION ICU score to reduce ICU use. For example, our
institution previously treated all patients with NSTEMI in the ICU
for the first 12 to 24 hours and frequently had ICU bed
shortages. We recently implemented the ACTION ICU score
with a threshold of 5 to reserve ICU beds for higher-risk
patients. For hospitals electing to maintain their current level of
ICU use, the ACTION ICU risk score could help select patients at
greatest likelihood of needing the ICU.

In contemporary practice, risk scores can be feasibly
calculated automatically at the point of care to guide location
of care decisions without the need for providers to memorize
the score. At our institution, the ACTION ICU risk score has been
integrated into our electronic health record and is automatically
calculated when patients with NSTEMI are evaluated in the
emergency department. Ongoing prospective research (http://
www.clinicaltrials.gov. Unique identifier: NCT03390270) will
assess whether automatic calculation and use of the ACTION
ICU risk score, alongside clinical judgment, in ICU admission
decisions for initially stable patients with NSTEMI results in
more cost-effective care while improving patient safety when
compared against clinical judgment alone.

Limitations

Our study population consisted of Medicare patients >65 years
old; therefore, this risk model may not perform as well in younger
patients. The ACTION Registry does not capture all clinical
features that may be used to make ICU decisions, such as ongoing
chest discomfort, dynamic ECG changes, electrical instability
short of cardiac arrest, or oxygen saturation levels, and it is
unclear how these factors may relate to need for ICU care.
Conditions mandating ICU care were selected on the basis of
clinical judgment and experience to reflect conditions that require
delivery of a critical care intervention or 1:1 nurse/patient
monitoring, but different resources at individual hospitals may
necessitate different practice patterns with regard to ICU use. In
addition, clinical deterioration occurring later in the hospital
course may or may not be relevant to initial admission decisions.
Despite these limitations, the ACTION ICU score is the only
risk score designed to predict requirement for ICU care in
patients with NSTEMI. Given non—risk-based patterns of ICU use,
use of even a limited risk score is likely to improve on the
status quo.

Conclusion

The ACTION ICU risk score uses 9 variables on admission to
predict the likelihood that an initially stable patients with
NSTEMI will develop a complication requiring ICU-level care.
Bedside application of this risk model has practice-changing
potential, because current practice suggests hospitals do not
use objective markers of risk when making ICU triage
decisions for initially stable patients with NSTEMI. The use
of this objective risk stratification tool may help hospitals
effectively use limited ICU resources while ensuring that high-
risk patients are cared for safely.
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Supplemental Material



Data S1.
Candidate variables for the multivariable model

From ACTION Registry: age, sex, race, diabetes mellitus, hypertension, prior MI, prior heart
failure, prior percutaneous coronary intervention, prior coronary artery bypass grafting, prior
atrial fibrillation, prior stroke, peripheral arterial disease, current or recent smoker, chronic lung
disease, current dialysis, weight, height, heart failure signs or symptoms on first medical contact,
heart rate on first medical contact, systolic blood pressure on first medical contact, new or
presumed new ST segment depression, initial serum creatinine, initial hemoglobin, initial

troponin ratio (first troponin value divided by the institutional upper limit of normal).

From CMS claims data: alcohol abuse, dementia, liver disease, hypothyroidism, drug abuse,

number of inpatient hospital admissions in the past 1 year from the index admission.



Data S2.
Prediction equation for requiring ICU care model

_ _expXp)
= Trexpxpy] * WNEMe
XB = —1.2936 + 0.9770 *« (HF) + —0.0211 = (HR1) + 0.0231 = (HR2) + 0.4019
* (creatinine) + —0.0102 * (SBP) + 0.0129 * (troponin) + 0.3538 = (CLD)

+ —0.2758 * (revasc) + 0.2138 = (ST Dep) + 0.0127 (age)

In the equation, P = the predicted probability of requiring ICU-level care; HF = signs or
symptoms of heart failure; HR1 = heart rate (HR) on first medical in 1 bpm for HR <75; HR2 =
heart rate on first medical in 1 bpm for HR >75; creatinine = initial serum creatinine in 1 mg/dl;
SBP = systolic blood pressure on first medical contact in 1 mmHg; troponin= initial troponin in 1
XULN; CLD = chronic lung disease; Revasc = prior revascularization (PCl or CABG); ST Dep =

New or presumed new ST segment depression; age = age in 1 year.



Table S1. Definition of outcomes mandating ICU care.

Category

Specific name

Definition or ICD-9 codes

Cardiac arrest

Cardiac arrest

From registry data collection form

Shock

Cardiogenic shock

From registry data collection form

Shock, unspecified

785.50

Septic shock 785.52
Other shock without mention of 785.59
trauma

Rupture of papillary muscle or 429.5, 429.6
chordae tendinae

Acquired cardiac septal defect 429.71
Infusion of a vasopressor agent 00.17

Invasive hemodynamic monitoring

89.62, 89.63, 89.64, 89.66, 89.67,
89.68

Insertion of pulsation balloon

37.61

Extracorporeal membrane
oxygenation

39.65

Implantation of circulatory assist
device/system

37.60, 37.62, 37.65, 37.66, 37.68

Heart block Atrioventricular block, third 426.0
requiring degree
pacemaker
placement
Insertion of temporary transvenous | 37.78
pacemaker system
Stroke or Stroke (ischemic or hemorrhagic) | From registry data collection form
intracranial
hemorrhage
Subarachnoid hemorrhage 430
Intracerebral hemorrhage 431
Other and unspecified intracranial | 432.9
hemorrhage
Respiratory Acute Respiratory Distress 518.5
failure Syndrome
Acute respiratory failure 518.81




Category Specific name Definition or ICD-9 codes

Respiratory arrest 799.1
Mechanical ventilation 96.04, 96.70-96.72
In-hospital In-hospital death From registry data collection form

death

Death was included as a complication requiring ICU care to avoid missing clearly critically ill
patients for whom other conditions requiring ICU care were not coded. The post-admission
decision to treat a patient with coronary artery bypass grafting surgery (CABG) may induce
complications that require ICU care, and patients routinely are transferred to an ICU for recovery
post-CABG. To focus on risk prior to CABG, events including death, cardiac arrest, shock, and

stroke occurring after CABG were censored (not counted)



Table S2. Univariable associations between baseline predictors and requirement for ICU

care.

Variable

Odds ratio (95% CI)

Heart failure on first medical contact

3.61 (3.33-3.92)

Heart rate

Per 5bpm increase < 80

0.97 (0.94-1.00)

Per 5 bpm increase, 80-120

1.16 (1.16-1.18)

Per 5 bpm increase, > 120

0.93 (0.91-0.95)

SBP, per 10 mmHg increase

0.86 (0.85-0.87)

Initial serum creatinine, per 1 mg/dl increase

1.69 (1.62-1.77)

Initial troponin ratio, per 5 x ULN increase

1.09 (1.08-1.10)

Prior percutaneous coronary intervention

0.72 (0.67-0.78)

Chronic lung disease

1.75 (1.59-1.88)

New ST segment depression

1.34 (1.24-1.45)

Age, per 5 year increase

1.16 (1.12-1.19)

Prior coronary artery bypass graft surgery

0.87 (0.81-0.84)

Diabetes mellitus

1.25 (1.17-1.33)

Race

Black (vs. white)

0.94 (0.83-1.06)

Other (vs. white)

1.08 (0.94-1.24)

Current/recent smoker

1.12 (1.02-1.24)

Initial hemoglobin

Per 5 g/dl increase, < 14 g/dI

0.34 (0.30-0.39)

Per 5 g/dl increase, > 14 g/dl

1.27 (0.94-1.71)

Prior stroke

1.36 (1.25-1.48)

Prior heart failure

1.95 (1.81-2.10)




Weight, per 5 kg increase

0.94 (0.93-0.96)

Prior atrial fibrillation

1.26 (1.16-1.38)

Female sex

1.15 (1.07-1.23)

Prior alcohol use

1.44 (0.94-2.23)

Prior dementia

1.56 (1.26-1.92)

Prior liver disease

1.28 (0.88-1.87)

Prior hypothyroidism

1.40 (1.25-1.56)

Number of admissions over the previous year, per 1 increase

1.21 (1.17-1.25)

Prior peripheral arterial disease

1.28 (1.18-1.40)

Prior hypertension

1.06 (0.96-1.18)

Height, per 5 cm increase

0.96 (0.94-0.97)

Prior drug use

1.24 (0.61-2.52)

ULN, upper limit of normal




Table S3. Test characteristics of the ACTION ICU score in the development cohort at
selected thresholds.

ACTION ICU score Sensitivity Specificity Positive Negative
threshold predictive predictive

value value

2 95.4% 16.4% 16.1% 95.5%

3 90.8% 29.9% 17.9% 95.1%

4 85.6% 41.8% 19.8% 94.5%

5 78.4% 53.5% 22.1% 93.6%

6 70.8% 62.9% 24.3% 92.8%

7 62.9% 70.7% 26.5% 91.9%

8 53.9% 77.8% 29.0% 90.9%

9 45.6% 83.2% 31.3% 90.1%

10 36.9% 88.0% 34.1% 89.2%

11 27.3% 92.2% 37.0% 88.3%

12 19.3% 95.2% 40.3% 87.5%

13 12.5% 97.7% 47.5% 86.9%

Sensitivity, specificity, positive predictive value, and negative predictive value calculated
assuming that patients with a score > the threshold score are treated in the ICU and patients with
a score < the threshold score are not treated in the ICU. The gold standard is development of
ICU-mandating complications.



Table S4. Proportion of patients who died and died without treatment in the ICU by
predicted ACTION ICU model risk.

Ag?;:(oslgolfe:u No. of patients (%) [ No. deaths (%0) NOI' gaazgie‘)”('j/z‘)" ut
<2 4,381(14.6%) 37 (0.8%) 17 (0.4%)
3-5 10,154 (33.9%) 171 (1.7%) 72 (0.7%)
6-8 7,250 (24.2%) 298 (4.1%) 119 (1.6%)
9-11 4,795 (16.0%) 300 (6.3%) 120 (2.5%)
>12 3,393 (11.3%) 390 (11.5%) 150 (4.4%)

ICU, intensive care unit



Figure S1. Calibration curve of the multivariable model in male patients (A), female patient (B), patients < 75 years old (C),

patients 75-84 years old (D), and patients > 85 years old (E).
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ICU, intensive care unit. A patient was defined as developing a need for ICU care if they died while hospitalized, or developed cardiac

arrest, shock, heart block requiring pacemaker placement, heart block requiring pacemaker placement, respiratory failure, or stroke

occurring any time during the hospitalization



Figure S2. Proportion of patients requiring ICU care by GRACE risk score.
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