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A critical challenge for physicians facing patients presenting with signs and symptoms of acute
heart failure (AHF) is how and where to best manage them. Currently, most patients evaluated for
AHF are admitted to the hospital, yet not all warrant inpatient care. Up to 50% of admissions
could be potentially avoided and many admitted patients could be discharged after a short period
of observation and treatment. Methods for identifying patients that can be sent home early are
lacking. Improving the physician’s ability to identify and safely manage low-risk patients is
essential to avoiding unnecessary use of hospital beds.

Two studies (STRATIFY and DECIDE) have been funded by the National Heart Lung and Blood
Institute with the goal of developing prediction rules to facilitate early decision making in AHF.
Using prospectively gathered evaluation and treatment data from the acute setting (STRATIFY)
and early inpatient stay (DECIDE), rules will be generated to predict risk for death and serious
complications. Subsequent studies will be designed to test the external validity, utility,
generalizability and cost-effectiveness of these prediction rules in different acute care
environments representing racially and socioeconomically diverse patient populations.

A major innovation is prediction of 5-day as well as 30-day outcomes, overcoming the limitation
that 30-day outcomes are highly dependent on unpredictable, post-visit patient and provider
behavior. A novel aspect of the proposed project is the use of a comprehensive cardiology review
to correctly assign post-treatment outcomes to the acute presentation. Finally, a rigorous analysis
plan has been developed to construct the prediction rules that will maximally extract both the
statistical and clinical properties of every data element. Upon completion of this study we will
subsequently externally test the prediction rules in a heterogeneous patient cohort.

A. Introduction

Nearly all acute heart failure (AHF) patients who present for emergency department (ED)
evaluation are admitted for inpatient care. Up to half of these admissions could be avoided,
with the lower risk patients being discharged and monitored on an outpatient basis after a
brief period of observation.1=3 A critical challenge for physicians is determining who is a
candidate for outpatient management and who should be admitted for more extensive and
costly treatment. Currently, there are no generalizable or effective methods to assist the
physician working in an acute care setting; the decision to admit the patient is notoriously
conservative. There is also a lack of evidence to facilitate an early decision to discharge after
a brief inpatient treatment period. Every avoidable admission places an unnecessary burden
on the health care system. Thirty day readmissions are also common, especially in those
discharged prematurely, and may be costly to hospitals due to lack of reimbursement.
Improving the physician’s ability to appropriately manage the flow of AHF patients into and
out of hospital is fundamental to reducing unnecessary inpatient days.

Studies of risk factors in patients with AHF have shown it is possible to identify variables
associated with poor outcomes, such as inpatient complications, repeat admission for AHF,
and death.*-12 While providing valuable information and suggesting the need for a
prediction rule, these studies are limited in their clinical applicability and translation to the
acute care setting. Data from inpatient sources have been combined with data from
outpatient sources,*°:7-11.14,16,17.20 yetrospective chart review methodology has been
employed®-12.14-17 ‘and large databases designed for other purposes have been analyzed in
an attempt to understand risk for poor outcomes.16 Moreover, the impact of decision making
in the acute setting on outcomes measured at 30-days and beyond is blurred by outpatient
management decisions and patient health behavior in the time between hospitalization and
outcomes assessment. Further, when the majority of patients are being admitted to the
hospital, identifying additional markers of high risk is not likely to impact acute decision
making. We believe targeting “non-high-risk” AHF patients is most appropriate because of
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the potential return on investment and improvement in quality of life.21 Patients who are at
high-risk for in-hospital events account for less than 10% (100,000) of the nearly 1,000,000
patients hospitalized annually with AHF.22:23 In order to impact 45,000 of these admissions,
disposition decision making would have to change in 45% of the high-risk group. That
contrasts starkly with the 900,000 “non-high-risk” patients. If disposition decision making
could identify 5% of these 900,000 “non-high-risk” patients who are currently admitted but
who could be eligible for safe, early ED or hospital discharge, it would impact up to 45,000
patients and conserve significant resources.(Figure 1)

The objective of the STRATIFY and DECIDE studies is to develop two multivariable AHF
models based on established clinical and statistical standards24-32 that accurately estimate
risk for adverse outcomes. The first rule (STRATIFY) will identify ED patients that do not
need to be admitted to the inpatient setting, while the second (DECIDE) will facilitate
discharge decisions during the early phase of an inpatient admission. These studies are
designed to provide information that will conserve a significant amount of healthcare
resources and improve quality of life by facilitating the decision to not admit a patient with
signs or symptoms of AHF who does not require inpatient management, as well as
shortening the length-of-stay for those patients who require admission.

B. Rationale for the STRATIFY and DECIDE Trials

Heart failure is a worldwide problem of epidemic proportions33 and a tremendous burden to
overall healthcare costs. Nearly 6 million Americans have heart failure and about 670,000
new cases are diagnosed each year in the US alone.34 The incidence is expected to increase
dramatically due to an aging population, improved survival from acute coronary syndromes,
and advances in the management of cardiovascular diseases.3>-3 Hospitalization for AHF
accounts for the largest expenditure for care of these patients; it is estimated to be about
$29.6 billion per year or, for Medicare patients, $5912 per discharge. This is more than
double any cancer diagnosis, 3840 and represents about 3% of the total national health care
budget.#! If innovative approaches are not developed to reduce these staggering costs, the
economic burden will become unmanageable3°:

1. STRATIFY Rationale

One-third of known heart failure patients receive inpatient care each year, and at least 830%
of AHF presentations to an emergency department are admitted to the hospital.2:38 Patients
seen in an emergency department (ED), admitted, and treated in an inpatient bed for AHF
account for the majority of expenditures.*2 Up to 80% of patients discharged from the
hospital with a primary diagnosis of AHF come from the ED, thus decision making in this
acute care environment is an ideal target for intervention. This target is the focus of
STRATIFY.243:44 Improving the ability of the emergency physician to safely discharge a
subset of ED patients with AHF would save significant healthcare resources. Based on
ACC/AHA and AHCPR guidelines, it has been suggested up to 50% of admitted patients are
low-risk and may be candidates for outpatient management in lieu of admission.2:20
Conversely, some patients may be discharged prematurely, as 20-30% of AHF inpatients
are readmitted to the hospital in the subsequent 30 days.#>6 Thus, STRATIFY aims to find
a balance between safe discharge and necessary inpatient care.

2. DECIDE Rationale

Poor risk-stratification in the acute setting, particularly overestimation of disease severity, is
a major cause of over use of limited in-hospital resources for this rapidly growing patient
population.*447 Physicians’ tolerance for adverse events following discharge is low.
Without evidence-based guidance the default decision is to admit, often for prolonged
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periods of treatment and observation.*8 While STRATIFY aims to improve the ability of the
physician to decide whether to admit patients with AHF, DECIDE is designed to help the
physician identify the earliest time point after initial therapy where safe discharge may
occur. This is critical to optimizing the allocation of in-hospital resources for those patients
who are truly ill and require intensive management and therapy. Current decision guidelines
are based on either little evidence, or are provided without evidence. 4452 The 2009 ACC/
AHA guidelines included a section on the “hospitalized patient” with AHF. There were 18
Class | recommendations, but only two of which related to acute management: 1) use
natriuretic peptides if “contribution of heart failure is unknown” in the current presentation;
and 2) if there is significant volume overload use a diuretic and begin in the acute setting.>3
In a similar vein the Heart Failure Society of America published detailed guidelines on AHF
management and factors that should prompt admission, but did not characterize patients safe
for discharge.®0 If only a small portion of AHF patients could be safely cared for in
environments less costly than inpatient settings, or once hospitalized the length of stay could
be reduced from the current 4-5 days, this would translate into substantial savings. We also
seek to address this specific economic target.

3. Previous Risk Models: a Foundation for STRATIFY and DECIDE

Over the last twenty years, several studies have derived risk models for AHF patients.517.16
In 2005, a risk model predicting mortality was derived using data from a registry of 65,275
hospitalized patients with heart failure. 22 The model predicts a risk for mortality as low as
2.1% and demonstrates that data from the acute setting can be used to identify low-,
moderate-, and high-risk patient groups. This is perhaps the most elegant tool to help
decision making to date, yet its use remains limited since only admitted patients were
included, only 39 of more than 100 variables available to the ED physician were considered,
and the model was designed to predict mortality only. This model has particular utility for
triaging patients to a specific level of care in the hospital, but it is not designed to help
decide who should be admitted.

One major limitation that has yet to be addressed when evaluating risk of subsequent events
is the relationship between outcomes and the acute presentation for heart failure. A
mechanistic link between the acute event and subsequent outcomes is assumed, but rarely
validated. More comprehensive assessment of the likely association between the adverse
outcome and the acute event is required.

Other existing risk models for AHF suggest this area of research will prove successful,
although they are limited for decision making in the acute setting. They tend to be developed
from retrospective reviews of inpatient charts using convenience samples, only consider
mortality as an outcome®?, or consider outcomes remote from the presentation.4-19:55.56
These studies provide a useful starting point for our studies, namely a relatively
comprehensive list of variables that have been identified as potentially useful for early
decision making.

C. Design of STRATIFY and DECIDE

STRATIFY (www.clinicaltrials.gov identifier: NCT00508638) and DECIDE
(www.clinicaltrials.gov identifier: NCT00911703) are prospective, observational studies of
patients presenting to an acute setting with signs and symptoms of AHF. The studies are
designed to develop prediction rules at complementary time points:

1. The rule to be derived from the STRATIFY dataset will be constructed to determine, in
the ED setting, which patients are at low-risk of inpatient or outpatient death or serious in-
hospital or out-of-hospital complications in AHF, and could thus be considered for
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outpatient management. 2. The rule to be derived from DECIDE will be constructed to
identify patients who are at low-risk for inpatient or outpatient death and serious in-hospital
or out-of-hospital complications after a short (1-3 day) hospital stay.

The STRATIFY prediction rule will be based on data obtained while a patient is being
evaluated for AHF in the acute setting. The DECIDE prediction rule will be based on the use
of aata from both the acute care and inpatient setting, including measures of response to
therapy. Our conceptual hypothesis is that these prediction rules will increase the number of
patients for whom physicians can safely avoid admission or discharge rapidly after a short
period of inpatient observation.

To develop the prediction rule for supporting ED disposition decisions (STRATIFY), we
included variables typically available within the first three hours of presentation to an acute
care setting. To develop the prediction rule for supporting decisions about early discharge of
admitted patients (DECIDE), we also included treatments received and test results from the
early inpatient stay, as well as patient and family interviews regarding access to care and
adherence to medications and health care plans. We used trained research staff to
prospectively collect data at the time a patient presents to the ED with symptoms of AHF
and, for admitted patients, one day and three days into their inpatient stay. Relying on chart
review or existing registry data often leads to missing, inconsistent or irrelevant information.
Because of the prospective design and setting, our patient population is representative of
clinical practice. By including all patients being evaluated for AHF regardless of final
hospital diagnosis, we avoided selection bias. Outcome data were recorded and are being
evaluated for association with the acute event. The primary analysis is to model 5-day
outcomes; a secondary analysis will model 30-day outcomes.

We will use statistical methods, combined with clinical relevance, to simplify the complex
of predictor variables into a useable mathematical model to predict risk of outcomes.
Predicted probabilities will be used as the measure of patient risk. Our hypothesis is that the
predicted probabilities can be used to assist physicians as they decide who can be managed
as an outpatient and, once admitted, who can be discharged early, after a brief observation
period.

D. STRATIFY Protocol

The study design is summarized in Figure 2. Briefly, trained clinical research assistants
prospectively gathered data from patients with signs and symptoms of AHF presenting to
one of 4 participating EDs. Potential predictors available in the first 3 hours after
presentation were gathered. Outcomes were measured using a combination of chart review,
patient phone call and death registry review. A panel of cardiologists then ascertains the
relationship between the outcome and the acute presentation (see cardiology oversight
below). On completion of data cleaning, the prediction rules will be derived. Both
emergency physicians and cardiologists will advise on model development to ensure
clinically valid, broadly applicable, risk stratification and prediction rules.

1. Cardiology Oversight

Heart failure is a complex condition, so it is necessary to include appropriate expertise for
deciding a true diagnosis for enrolled patients and for understanding how various treatments
and comorbidities influence outcomes. We formed a cardiology oversight group (COG) that
provides comprehensive support for both STRATIFY and DECIDE. The group consists of
three active clinical academic cardiologists. The COG offers: 1) consensus agreement on the
diagnosis for all cases, 2) updates on current cardiology opinion, the state of heart failure
care, and the potential impacts this might have on outcomes monitored in this study, and
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lastly, 3) consensus agreement on the probability that observed outcomes at 5 and 30 days
are directly related to the AHF presentation. A fourth cardiologist was available to
adjudicate any discordance in outcome determination.

2. Setting and Subjects

Our study recruited patients at two emergency departments in Nashville, Tennessee and
three in Cincinnati, Ohio. These emergency departments represent demographically and
socioeconomically diverse patient populations. Selecting multiple contrasting settings to
conduct this project allowed us to overcome a primary concern of risk assessment strategies;
the diverse patient population increases the applicability of our prediction rules.

3. Inclusion Criteria

For the purposes of this study, we used a modification of the Framingham Criteria. These
criteria are accepted for establishing an etiology of dyspnea before definitive studies have
been performed. Our modification reflects contemporary practice for making a preliminary
diagnosis of AHF in the acute setting. Use of BNP > 100 pg/ml to support an AHF diagnosis
is also standard at our institutions, but this was not be used for inclusion in the proposed
study because lack of BNP elevation was expected to exclude some low-risk patients. These
inclusion criteria were tested in our preliminary studies and found to be representative of the
ED AHF patient in whom a prediction rule would assist in disposition decision-making.
Patients included in STRATIFY were required to:

a) Fulfill the Modified Framingham Criteria (Table 1)—The Framingham Criteria,
reported in 1971.57:58 yse history, physical exam and ancillary tests to categorize patients as
definite, probable and questionable heart failure.(Table 1) In this study, four of the
Framingham Criteria were not used: i) circulation time, ii) vital capacity, iii) weight loss in
response to treatment, and iv) autopsy findings. Vital capacity and circulation time are two
parameters that are not typically available in the acute setting, and weight loss in response to
treatment would only help with a retrospective diagnosis of AHF. Inclusion of patients in the
STRATIFY cohort required two major, or one major and two minor Framingham Criteria to
be met.

b) Be willing and able to give informed consent
4. Exclusion Criteria

Patients less than 18 years of age were not study candidates. High-risk patients were not
excluded. While high-risk patients are relatively easy to identify in the ED, objective criteria
for defining high-risk obtained from our model will help to avoid errors when deciding the
approach to managing these patients. Excluding high-risk patients such as those with severe
respiratory distress, hypoxia, or new onset heart failure would limit the generalizability of
our model. While we focus on data collected in the first 3 hours of evaluation in our primary
analysis, for complete data collection and exploration in secondary analyses, all data
available in the ED as part of a standard work-up were collected.

E. The DECIDE Protocol

The DECIDE protocol was designed to enroll a subset of STRATIFY subjects that were
determined to have AHF and underwent treatment for AHF in the acute setting. The setting
and subjects and use of the COG were identical to STRATIFY. Data were prospectively
collected at 12-24 and 72-96 hours after ED therapy in patients who were treated for AHF
in the ED with diuretics or vasodilators and subsequently admitted. (Figure 3) In addition to
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the inclusion and exclusion criteria listed for STRATIFY, those patients enrolled in
DECIDE were also required to have:

a) Baseline data available within 3 hours of initial ED therapy

For STRATIFY, baseline data were collected within 3 hours of ED presentation regardless
of whether therapy had begun. DECIDE updated index ED visit variables with data from
follow-up time points to capture the impact of AHF therapy and to evaluate their ability to
predict subsequent adverse events. Thus, timing of therapy relative to changes in serial
variables (i.e. laboratory data, vital signs) was an important consideration for baseline data
collection. Bias is possible if high-risk patients were treated earlier than those less acutely ill
and the study assistants failed to identify those patients rapidly. This affected very few
patients in our prior studies. >2:60 Similar to STRATIFY, all baseline ED variables were
collected in DECIDE regardless of time from therapy. This allows for exploratory secondary
analyses examining the impact of time of therapy on predictive ability of the variable.

F. STRATIFY AND DECIDE PROTOCOL- Candidate Predictor Variables

Predictor variables for an AHF prediction rule must be readily available to physicians in the
routine management of patients presenting with signs and symptoms of AHF, and they
should enter the model in the same temporal manner with which the predictor would be
available in the clinical setting.24:28.30-32.61.62 The most important predictors must have
clear, clinically sensible definitions, and have minimal missing values among the
participants.2435 Candidate predictor variables should be predetermined based on clinical
expertise and an exhaustive review of the related literature.31:62 They need to be biologically
plausible for the predictive rules to maintain face validity and be realistically available. We
are limiting the first AHF prediction rule (STRATIFY) to include only candidate predictors
whose information is available within the first 3 hours from presentation. For DECIDE we
will limit the data to that which is available at the time of decision making in the ED or
either at the 12—24 hour or 72-96 hour time point. Incorporating data not available at these
time points would result in a rule not easily incorporated into routine practice.

We pre-selected the primary candidate predictor variables for the studies (Table 2), in
accordance with these standards. We based our selections on the results of our own analysis
from an AHF cohort and review of the literature®0. Because of the dynamic nature of this
research area and the length of time over which patients were being recruited, we also
collected data on additional variables as well. Their inclusion in the final prediction rules
depends on biological plausibility and availability to evaluating physicians within the
allotted time windows, as well as sufficient lack of missingness to be evaluable.

G. STRATIFY AND DECIDE PROTOCOL - Study Outcomes

The primary outcome being modeled in the STRATIFY and DECIDE studies is the
occurrence of adverse events at 5 days after the initial evaluation. Adverse events at 30 days
are also being modeled as a secondary outcome. A hierarchical listing of these specific
adverse events with an a priori ordinal scale severity values is presented in Table 3. This
hierarchy was created by the study investigators, comprised of both emergency physicians
and cardiologists. The outcome to be predicted must be clearly defined in order to eliminate
potential misclassification, and be clinically relevant.3! The most well defined outcome is
all-cause death. Additional outcomes with potential for subjectivity, and thus requiring
explicit definitions, include: 5-day and 30-day ED return visits and hospital admissions for
AHF-related complaints, as well as AHF-related cardiovascular complications within 5 and
30 days of initial ED visit. The accurate determination of whether the adverse events are
related to AHF is of utmost importance for this study. As previously described, the COG is
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reviewing each reported 5-day and 30-day adverse event and making a consensus
determination on whether it was AHF-related. This consensus outcome determination will
be made prior to any analysis of the candidate predictor variables.

H. STRATIFY AND DECIDE PROTOCOL - Analytic Approach

The final product of the statistical analysis will be predictive models with multiple variables
(with appropriate transformations) that have good discrimination, are easy to measure, and
have straightforward interpretations. To this end, the analysis consists of three stages: data
reduction and highly limited variable selection from the a priori selected individual- and
location-specific potential predictors; model development; and model checking and
validation following established detailed methodology for the development and validation of
prediction rules.24.27-32,61,62

With more than 100 potential predictors identified a priori, over-fitting the model with
colinear predictors is a realistic danger. Standard sample size requirements, supported by
simulation studies and expert opinion, conclude that there must be 15 subjects or events per
degree of freedom, (i.e. per regression coefficient examined or estimated) for the rule to be
reliable and not at risk of overfitting.28:63 Based on these sample size restrictions, it is even
more important to limit the number of predictors. Popular approaches to data reduction and
variable selection include univariate screening with p-values and stepwise selection. While
these methods are convenient, they violate many principles of statistical estimation and
hypothesis testing. Specifically, stepwise methods lead to instability of predictor selection,
biased estimates of coefficients, exaggeration of p-values and worse predictive quality than
using the full model without selection.32.62

We will employ variable selection based upon physiologic relevance, lack of redundancy,
and feasibility of reliable data collection. Variables that are easy to obtain in the acute
setting will be given more emphasis than those more difficult to obtain. A panel of
specialists will review the potential predictors and group those that could be highly
correlated with the goal of summarizing them into a single score using data reduction
techniques such as principle component analysis and hierarchical clustering. 24 To avoid
overfitting and ensure a reliable prediction rule, we will adhere to the accepted formula for
an ordinal outcome of approximately a 15:1 ratio of effective sample size to predictor degree
of freedom, where the effective sample size is derived from the true sample size and the
frequency of the outcome.24:64.65 The composite outcome variables (incidence of 5-day and
30-day adverse events) are structured as a hierarchy of ordinal outcomes (Table 3) and
proportional odds logistic regression will be used for analysis. 2466

We will internally validate the calibration and discrimination of the rule using bootstrap
resampling in order to estimate the likely performance of the rule on a new sample of
patients from the same patient stream. We will use bootstrapping to perform the internal
validation, as it offers advantages over data-splitting and cross-validation for internal
validation, especially by preserving the sample size.24 The R statistical computing language
will be preferentially for modeling analyses, along with the R rms package.57:68

We will review the prediction rule with clinicians (both emergency physicians and
cardiologists) who are masked to the rule’s predictive discrimination (c-index). We also
intend to derive multiple scoring systems based on the regression coefficients, and test these
systems with clinicians to choose the most “sensible” rule. Future prospective, multicenter
investigations will be planned to externally validate our prediction rules. These
investigations will externally test the model across a more heterogeneous group of patients
at a number of different institutions.
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Conclusions

Development of prediction rules to identify ED patients with AHF at low-risk for adverse
events has largely been unsuccessful. As a result, over 80% of ED presentations for AHF are
admitted to the hospital. Similarly, once hospitalized, there are no validated objective
endpoints of therapy. Guidance from evidence-based prediction rules will reduce
unnecessary admissions of low-risk patients and shorten inpatient length-of-stay for those
who are admitted. We proposed to develop two prediction rules: one that will assist in ED
decision making and one that will facilitate early, safe hospital discharge. Our results will be
translated into algorithms that will be disseminated worldwide. This is the first step toward
achieving our broad objective of improving care for patients with AHF in synchrony with
appropriate allocation of hospital resources.
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190'090 45% decrease
/ high risk in admissions
OR = $250M
in savings
900,000 5% decrease
low risk in admissions

Figure 1.

Percent of AHF admissions generally described as low and high risk, as well as projected
resource savings after changes in admission rate. Beyond the clinical challenge of
identifying high-risk versus low-risk patients safe for discharge, the much larger volume of
those at low-risk allows for significantly smaller changes to have the same impact in
resource savings.

Am Heart J. Author manuscript; available in PMC 2013 December 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1X3]-){Jewtarems

Lindsell et al. Page 14

Patient presents with complaints consistent with heart failure (dyspnea, edema, fatigue)

Study personnel identify as candidate for study based on Inclusion/Exclusion criteria

Patient provides informed consent and is enrolled by study personnel

ID assigned, clinical variables and blood obtained by study personnel

Database entry; Patient Disposition

DISCHARGED ADMITTED

l Patient follow by study nurse for

SRR DB R in-hospital events until discharged

30-day follow-up

Database entry and risk model development
Figure 2.

Enrollment from ED treatment through 72-96 hours after treatment
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Figure 3.

Patient enrollment and flow from STRATIFY (RO1) to DECIDE (K23).
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Modified Framingham Criteria

Table 1

Major

Paroxysmal nocturnal dyspnea
Neck vein distention
Pulmonary edema (on CXR)
Rales

Cardiomegaly

Sz gallop

Jugular venous distention

Positive hepatojugular reflex
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Minor

Extremity edema
Night cough
Dyspnea on exertion
Hepatomegaly
Pleural effusion

Tachycardia (=130 beats/min)
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Table 2

Example Candidate Predictor Covariates

Predictor Ascertainment & Definition | Operational Definition | Type | d.f.
*Troponin | Core Lab Test Laboratory Value c 2
*Sodium Core Lab Test Laboratory Value c 3
*Vital Sign(s) EMR Vital Sign Value c 2
* Creatinine Core Lab Test Laboratory value c 2
*BNP Core Lab Test Laboratory value c 1
*Hemoglobin Standard Lab Test Laboratory value c 1
*Moderate dyspnea after Treatment Interview Yes/no d 1
*Urinary Output EMR Milliliters c 1
$White Blood Count Standard Lab Test Laboratory value c 1
$BUN Core Lab Test Laboratory value c 1
$Literacy Interview Yes/no d 1
2 2 HF admits in last 6 months Interview and EMR Yes/no d 1
Overall DF 20

*

cubic splines), d=dichotomous d.f. = degrees of freedom = # knots -1, 1 for linear
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Adverse Event Outcomes and Bisk Modifiers in Predictive Instrument with Ordinal Scale Severitv Value

Assignments

Most Severe
Complication

Least Severe
Complication

Outcomes
Clinical conditions Inpatient Procedures Risk Modifiers
Death, all cause [10] Sudden Death/Defibrillation/CPR [9] ICU care

ACS [5]

Mechanical cardiac support [8]

Treatment with vasopressors

Unscheduled HF Hospital
Admission [4]

Intubation/Mechanical Ventilation [7]

Hospitalization greater than 48
hours

Unscheduled Non-HF Hospital
Admission [3]

Emergent Dialysis [6]

Return ED visit for HF related
complaint not requiring admission
[2]

PCI/CABG [5]

Return clinic visit for HF related
complaint not requiring admission
[2]

None of the above [0]

Unscheduled ED non-HF visit not
requiring admission [1]

None of the above [0]

ACS= acute coronary syndrome; HF= heart failure; CPR= cardiopulmonary resuscitation; PCl= percutaneous coronary intervention; CABG=
coronary artery bypass surgery; ICU= intensive care unit
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