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Background: Heart failure contributes to millions of emergency
department (ED) visits, but hospitalization-versus-discharge deci-
sions are often not accompanied by prognostic risk quantification.

Objective: To derive and validate a model for acute heart failure
mortality applicable in the ED.

Design: Clinical data abstraction with development of a broadly
applicable multivariate risk index for 7-day death using initial vital
signs, clinical and presentation features, and readily available labo-
ratory tests.

Setting: Multicenter study of 86 hospitals in Ontario, Canada.

Patients: Population-based random sample of 12 591 patients pre-
senting to the ED from 2004 to 2007.

Measurements: Death within 7 days of presentation.

Results: In the derivation cohort (n � 7433; mean age, 75.4 years
[SD, 11.4]; 51.5% men), mortality risk increased with higher triage
heart rate (adjusted odds ratio [OR], 1.15 [95% CI, 1.03 to 1.30]
per 10 beats/min) and creatinine concentration (OR, 1.35 [CI, 1.14
to 1.60] per 1 mg/dL [88.4 �mol/L]), and lower triage systolic

blood pressure (OR, 1.52 [CI, 1.31 to 1.77] per 20 mm Hg) and
initial oxygen saturation (OR, 1.16 [CI, 1.01 to 1.33] per 5%).
Nonnormal serum troponin levels (OR, 2.75 [CI, 1.86 to 4.07])
were associated with increased mortality risk. Areas under the
receiver-operating characteristic curves of the multivariate model
were 0.805 for the derivation data set (bootstrap-corrected, 0.811)
and 0.826 for validation data set (n � 5158; mean age, 75.7 years
[SD, 11.4]; 51.6% men). In the derivation cohort, a multivariate
index score stratified 7-day mortality with rates of 0.3%, 0.3%,
0.7%, and 1.9% in quintiles 1 to 4, respectively. Mortality rates in
the 2 highest risk groups were 3.5% and 8.2% in deciles 9 and 10,
respectively.

Limitation: Left ventricular ejection fraction was not included in the
model.

Conclusion: A multivariate index comprising routinely collected
variables stratified mortality risk with high discrimination in a broad
group of patients with acute heart failure presenting to the ED.
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Heart failure (HF) is a global public health issue char-
acterized by high mortality and increased rates of hos-

pitalizations and rehospitalizations (1). Patients with de-
compensated HF frequently visit emergency departments
(EDs) and have high rates of rehospitalization, which result
in increased health care costs (2). Despite the substantial
resource and economic implications of hospitalization of
the patient with HF, acute care decisions may not be
guided by evidence (3, 4). As a consequence, clinicians may
hospitalize some low-risk patients who have HF and may
discharge some high-risk patients without being able to
accurately assess prognosis, largely because prognostic algo-
rithms that can be applied before decisions are made about
patient disposition are not available (5).

Although sole reliance on clinical judgment for the
patient with acute HF, rather than an assessment also in-
formed by prognostic quantification, is the current stan-
dard of care, it may result in excess hospitalization of low-
risk patients (6). Conversely, some patients with acute HF
who are discharged after an apparent initial response to
treatment may die after leaving the ED (7). Indeed, there is
substantial overlap in the prognostic profiles of patients
with HF presenting to the ED who are subsequently dis-
charged or hospitalized (7). Blood pressure, heart rate and
rhythm, precipitants (such as myocardial ischemia), co-
morbid conditions, and clinical severity have been pro-
posed as important considerations in the 6-axis model for
initial assessment of acute HF syndromes (8). An evidence-

based clinical risk score that incorporates facets of the ini-
tial assessment rubric and facilitates prognostication would
benefit clinicians and patients.

Previous prognostic studies have focused on patients
with HF who were hospitalized but have excluded those
who were discharged from the ED (9–12). However, those
who are discharged from the ED may be a substantial pro-
portion of all patients with HF, who may also be at signif-
icant risk for acute mortality (7). This limits the use of
previous hospitalization-based risk algorithms in the
broader ED setting. There is no assurance that HF risk
algorithms that were developed in patients who had already
been hospitalized will identify those who can be safely dis-
charged (13). The objective of this study was to derive and
validate a risk model for predicting acute mortality in pa-
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tients with HF who present to the ED to guide acute
clinical decision making.

METHODS

Study Cohort
We studied the data of approximately 12 500 patients

who visited an ED for HF and were either discharged or
hospitalized from 1 April 2004 to 31 March 2007, in On-
tario, Canada, which has a provincial population of more
than 13 million. We randomly selected patients, who were
either discharged from the ED or hospitalized, for detailed
chart abstraction by using stratified cluster sampling. The
patients were from hospitals randomly selected from strata
defined by hospital type (14). Approximately 125 hospital-
ized patients were selected for chart abstraction from each
of the 86 hospitals. Patients who were not hospitalized
were sampled from a random subsample of 52 hospitals
with 50 or more HF visits per year, maintaining a repre-
sentative proportion of hospital type in the province (that
is, teaching, large, or small). Approximately 95 patients
were randomly selected from each teaching hospital and
large community hospital; similarly, 60 patients were sam-
pled from each small hospital. Heart failure cases were ini-
tially identified using the International Classification of
Diseases, Tenth Revision (code I50), from the National
Ambulatory Care Reporting System for ED visits and the
Canadian Institute for Health Information database for pa-
tients who were hospitalized. To be included in the study
and to emulate ED-based HF diagnosis based on clinical
presentation, patients were also required to fulfill the Fra-
mingham criteria for HF after examination of their clinical
chart records (15). Patients who were palliative or had do-
not-resuscitate orders before ED arrival and transfers from
another acute care hospital were excluded. Those who were

dialysis-dependent were also excluded because of their dif-
ferences in HF pathophysiology and treatment.

To assess the performance of the prediction model in a
separate cohort, we randomly split the overall sample into
derivation and validation data sets. We derived the model
on a random sample of approximately 7500 patients with
HF, two thirds of whom were hospitalized and one third of
whom were discharged from the ED, reflecting the
hospitalization-to-discharge ratio from which the study
population was sampled (7). The validation cohort com-
prised approximately 5000 patients with a similar distribu-
tion of hospitalized and discharged patients. Before study
initiation, research ethics approval was obtained from Sun-
nybrook Health Sciences Centre and from hospitals where
chart abstraction was done.

Outcome
The primary outcome was 7-day mortality after initial

presentation, which is an end point that is important from
the perspective of ED decision making and temporally
close to the acute care episode (16).

Data Sources
The charts of patients who presented to the ED were

abstracted by highly trained nurses to obtain clinical infor-
mation pertaining to the patient and presenting features by
using methods as previously described (14). Nurse abstrac-
tors were required to demonstrate high reliability on stan-
dardized chart abstractions before field deployment. Po-
tential covariates considered in the analysis included
age, sex, transport to ED by emergency medical services,
origin from nursing home or long-term care facility,
initial vital signs (systolic blood pressure, heart rate, respi-
ratory rate, and oxygen saturation), symptoms (orthopnea
and parosyxmal nocturnal dyspnea), signs (jugular venous
pressure elevation, S3, rales, and bilateral ankle edema),
comorbid conditions (previous coronary revascularization,
coronary artery disease, diabetes, hypertension, peripheral
vascular disease, cerebrovascular disease, dementia, active
cancer, and chronic pulmonary disease), laboratory results
(hemoglobin, leukocytes, sodium, potassium, troponin,
and creatinine), atrial fibrillation, QRS duration on 12-lead
electrocardiogram, and pre-ED medications (angiotensin–
converting enzyme inhibitor or angiotensin II–receptor block-
ers, �-adrenoreceptor antagonist, digoxin, furosemide, or
metolazone) obtained by medical staff and recorded in the
patient’s chart. We also considered the Canadian Triage
and Acuity Scale score, a nurse-rated score that is assigned
at the time of triage for all patients seeking care in the ED
(1 � resuscitation or critical, 2 � emergent, 3 � urgent,
4 � semi-urgent, or 5 � nonurgent) (17). A simple, ran-
dom sample of more than 5% of the patients’ charts from
the derivation cohort were reabstracted to determine reli-
ability. Those variables with a �-statistic greater than 0.7
and crude agreement greater than 85% were examined in
univariate analysis, whereas other variables were excluded
from further analysis if deemed to be of low prognostic

Context

Although models to predict the risk for short-term mortal-
ity among patients presenting with acute heart failure
have been developed, the factors included have been
derived from patients who were already hospitalized.
A model applicable to patients before the decision to
hospitalize or discharge from the emergency depart-
ment may help improve clinical decisions.

Contribution

A model derived from several emergency departments
accurately predicted the 7-day mortality of both patients
who were discharged and those who were hospitalized.

Implication

This model may be useful in assessing the appropriate
setting for the care of patients presenting with an acute
episode of heart failure.

—The Editors
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importance. Through use of the patients’ unique, en-
crypted health card number, these data were linked to the
Registered Persons Database of vital statistics for determi-
nation of mortality in all patients.

Statistical Analysis
Continuous variables were reported as means (SDs)

and compared by using a t test or the Kruskal–Wallis test
for nonparametric distributions, whereas categorical vari-
ables were compared by using the chi-square statistic. In
the derivation set, we used univariate logistic regression to
examine the association of potential predictors, which are
routinely available in the community, with 7-day mortal-
ity. Applying methods described by Harrell (18), potential
predictors of mortality with P values less than 0.25 were
considered for entry into a multiple logistic regression
model based on statistical and clinical significance. Cova-
riates were retained in the final multivariate model if the P
value was less than 0.05 and if deemed clinically important
or previous studies supported their prognostic importance.
For continuous variables, the strength and shape of the
relationship of potential predictors of death were examined
by using cubic spline analyses with 5 knots at percentiles 5,
27.5, 50, 72.5, and 95 of the continuous covariate. On the
basis of these analyses, upper and lower bounds were de-
termined for the purposes of identifying truncation values
above or below which there was no further contribution to
the score calculation. Unmodified �-coefficients were re-
ported from the multiple regression model, and odds ratios
(ORs) were reported with estimates greater than unity re-
flecting increasing mortality risk.

Using a method of age-standardized �-coefficient–
based weights similar to that used for the Framingham risk
score (19), we developed a scoring system calculated by
summing integer scores for categorical variables and

weights for the value of continuous variables (where the
value of the continuous variable was multiplied by its
weight), called the Emergency Heart Failure Mortality
Risk Grade (EHMRG). To derive the weights, model
�-coefficients were divided by the age coefficient. The re-
sultant weight was then used to determine the contribution
of each variable to the overall risk score. Because the

Figure 1. Study flow diagram.

Patients excluded (n = 2573)
Palliative: 2246
Dialysis-dependent: 312
Transfers: 15

Patients with HF
visiting ED

(n = 15 164)

Patients included in study
(n = 12 591)

Derivation cohort (n = 7433)
Hospitalized: 5254
Discharged: 2179

Validation cohort (n = 5158)
Hospitalized: 3560
Discharged: 1598

ED � emergency department; HF � heart failure.

Table 1. Baseline Characteristics of the Derivation and
Validation Cohorts

Characteristic Derivation
Cohort
(n � 7433)

Validation
Cohort
(n � 5158)

Mean age (SD), y 75.4 (11.4) 75.7 (11.4)

Men, n (%) 3825 (51.5) 2661 (51.6)

Transported by EMS, n (%) 2859 (38.5) 2240 (43.4)

Nursing home or long-term care, n (%) 525 (7.1) 427 (8.3)

Presenting features
Median CTAS score (25th, 75th

percentiles)
3 (2, 3) 3 (2, 3)

Mean SBP (SD), mm Hg 146.8 (31.0) 146.5 (30.7)
Mean heart rate (SD), beats/min 89.7 (24.4) 89.9 (24.4)
Mean respiratory rate (SD), breaths/min 23.5 (6.4) 23.5 (6.8)
Mean oxygen saturation (SD), % 93.7 (6.0) 92.9 (7.1)

Comorbid conditions, n (%)
Coronary artery disease 3936 (53.0) 2608 (50.6)
Previous coronary revascularization* 1586 (21.3) 1053 (20.4)
Diabetes 2798 (37.6) 2004 (38.9)
Hypertension 4713 (63.4) 3313 (64.2)
Cerebrovascular disease† 1218 (16.4) 816 (15.8)
Peripheral artery disease 843 (11.3) 584 (11.3)
Chronic pulmonary disease 1619 (21.8) 1166 (22.6)
Dementia 448 (6.0) 336 (6.5)
Active cancer 653 (8.8) 367 (7.1)

Laboratory features
Mean hemoglobin concentration (SD), g/L 124 (20) 124 (21)
Mean leukocyte count (SD), � 109 cells/L 9.3 (4.2) 9.5 (4.8)
Mean sodium concentration (SD), mmol/L 138.5 (5.2) 138.3 (5.2)
Mean potassium concentration (SD),

mmol/L
4.2 (0.6) 4.2 (0.6)

Mean creatinine concentration (SD)
mg/dL 1.36 (0.72) 1.40 (0.80)
�mol/L 120.0 (63.3) 123.5 (70.6)

Nonnormal troponin level, n (%)‡ 779 (10.5) 751 (14.6)

Electrocardiographic features
Atrial fibrillation or flutter, n (%) 2208 (29.7) 1605 (31.1)
Mean QRS duration (SD), msec 110 (33) 109 (32)

Medications at home, n (%)
ACE inhibitor or ARB 4281 (57.6) 3031 (58.8)
�-Adrenoreceptor antagonist 3322 (44.7) 2479 (48.1)
Digoxin 1441 (19.4) 935 (18.1)
Furosemide 3765 (50.7) 2826 (54.8)
Metolazone 112 (1.5) 108 (2.1)

ACE � angiotensin-converting enzyme; ARB � angiotensin II–receptor blocker;
CTAS � Canadian Triage and Acuity Scale; EMS � emergency medical services;
SBP � systolic blood pressure.
* Previous percutaneous coronary intervention or coronary artery bypass graft
surgery.
† Stroke or transient ischemic attack.
‡ Greater than the upper limit of normal.
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weights associated with systolic blood pressure and heart
rate were approximately �0.5 and 0.5, respectively, we
multiplied all weights by a factor of 2, so that the weight
associated with each variable would be an integer. The
weights for categorical variables were similarly multiplied
by a factor of 2 and rounded to the nearest 5 points.

Model Evaluation
Model discrimination in both the derivation and

validation data sets was evaluated using the c-statistic. In
the derivation sample, both the apparent area under the
receiver-operating characteristic (ROC) curve and the
optimism-corrected areas under the ROC curve were esti-

mated. Optimism-corrected measures were obtained using
200 bootstrap samples drawn with replacement from the
derivation sample. We assessed calibration in several ways,
including the Hosmer–Lemeshow chi-square statistic, the
calibration slope, and calibration in the large (20). We
examined linear shrinkage estimators to confirm no overfit
(� �0.85) and evaluated model performance with the
Brier score (21).

Comparisons between the EHMRG and other risk
scores were performed in both derivation and validation
data sets by examining the differences of areas under the
empirical ROC curves for 7-day mortality using methods
previously described (22). Given the paucity of published
ED-based risk scores for HF mortality, we compared per-
formance of the EHMRG model with hospitalization-
based risk scores, which studied different cohorts of pa-
tients who had already been hospitalized (9–11). The
predictiveness curve of the EHMRG was constructed in
the validation data set by plotting ordered risk percentile
(x-axis) versus risk for 7-day mortality (y-axis), using pre-
viously published methods (23). Sensitivity and negative
predictive value were determined by examining deaths in
higher or lower risk groups dichotomized at different
EHMRG thresholds. All analyses were conducted using
SAS, version 9.2 (SAS Institute, Cary, North Carolina), for
Unix environments.

Role of the Funding Source
The study was funded by the Canadian Institutes of

Health Research. The funding source had no role in the
design, conduct, and analysis of this study or in the deci-
sion to submit the manuscript for publication.

RESULTS

Derivation and Validation Cohorts
We examined 15 164 patients with HF who visited

the ED and fulfilled the Framingham criteria for HF:

Table 2. Multivariate Analysis of 7-Day Mortality

Variable Model �-Coefficient OR Unit OR (95% CI) Wald Chi-Square P Value

Age 0.0335 10-y increase 1.40 (1.16 to 1.69) 12.36 �0.001
Transport by EMS 1.044 2.84 (1.92 to 4.21) 27.15 �0.001
SBP �0.021 20–mm Hg decrease* 1.52 (1.31 to 1.77) 30.69 �0.001
Heart rate 0.0143 10-beats/min increase† 1.15 (1.03 to 1.30) 5.75 0.017
Oxygen saturation �0.0300 5% decrease‡ 1.16 (1.01 to 1.33) 4.56 0.033
Creatinine 0.300 1-mg/dL (88.4-�mol/L) increase 1.35 (1.14 to 1.60) 11.59 �0.001
Potassium NA 4.0 to 4.5 mmol/L Reference Reference NA

0.535 �4.6 mmol/L 1.71 (1.13 to 2.58) 6.37 0.012
0.089 �3.9 mmol/L 1.09 (0.69 to 1.73) 0.14 0.70

Elevated troponin level§ 1.013 2.75 (1.86 to 4.07) 25.67 �0.001
Active cancer 0.744 2.11 (1.33 to 3.33) 10.12 0.002
Metolazone at home 0.976 2.65 (1.07 to 6.61) 4.40 0.036

EMS � emergency medical services; NA � not applicable; OR � odds ratio; SBP � systolic blood pressure.
* Initial/triage SBP, maximum 160 mm Hg; OR shown is for decrease in SBP and, thus, is inverted compared with �-coefficient.
† Initial/triage heart rate, minimum of 80 beats/min and maximum of 120 beats/min.
‡ Lowest initial/triage oxygen saturation, maximum of 92%; OR shown is for decrease in oxygen saturation and, thus, is inverted compared with �-coefficient.
§ Greater than the upper limit of normal.

Table 3. EHMRG 7-Day Mortality Risk Score

Variable Units Additive or
Multiplicative
Component

Age y 2 � age
Transported by EMS If �yes� �60
SBP mm Hg* �1 � SBP
Heart rate beats/min† 1 � heart rate
Oxygen saturation %‡ �2 � oxygen saturation
Creatinine mg/dL§ 20 � creatinine
Potassium 4.0 to 4.5 mmol/L 0

�4.6 mmol/L �30
�3.9 mmol/L �5

Troponin �ULN �60
Active cancer If �yes� �45
Metolazone at home If �yes� �60
Adjustment factor� �12
Total EHMRG score¶

EHMRG � Emergency Heart Failure Mortality Risk Grade; EMS � emergency
medical services; SBP � systolic blood pressure; ULN � upper limit of normal.
* Initial/triage SBP, maximum of 160 mm Hg.
† Initial/triage heart rate, minimum of 80 beats/min and maximum of 120 beats/
min.
‡ Lowest initial/triage oxygen saturation, maximum of 92%.
§ If creatinine concentration is in �mol/L, divide by 88.4 to convert to mg/dL.
� Adjustment factor of �12 added to allow for an approximate 0 median score.
¶ All variables are required to calculate the score; users are cautioned against
estimating component values. The EHMRG is not for use in patients who are
dialysis-dependent.
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10 781 were hospitalized and 4383 were discharged. Of
the 12 591 patients included in the study, 7433 consti-
tuted the derivation cohort (5254 hospitalized and 2179
discharged) and 5158 constituted the validation cohort
(3560 hospitalized and 1598 discharged). Figure 1 shows a
flow diagram of the study cohort and exclusion criteria.

The mean age of the derivation cohort was 75.4 years
(SD, 11.4), with 3825 men (51.5%). The mean age of the
validation cohort was 75.7 years (SD, 11.4), with 2661
men (51.6%). Overall, 247 deaths occurred, with a 7-day
mortality rate of 2.0%. The 7-day mortality rate was 1.8%
in the derivation cohort (135 deaths) and 2.2% in the
validation cohort (112 deaths). Although baseline charac-
teristics of the 2 cohorts were similar, the validation cohort
had marginally higher creatinine concentration, more pa-
tients transported by emergency medical services, a greater
proportion of patients using diuretics, and more patients
with troponin elevation (Table 1).

Predictors of HF Mortality in the ED
Of 37 covariates considered clinically and for reliabil-

ity (543 patients), 31 (84%) met criteria for univariate
analysis in the derivation cohort. The Appendix Table
(available at www.annals.org) shows covariates assessed by
univariate analysis for the outcome of 7-day mortality. Pre-
dictors of 7-day death included lower initial systolic blood
pressure, oxygen saturation, and hemoglobin concentra-
tion. Higher leukocyte count and potassium, creatinine,
and nonnormal troponin levels were associated with in-
creased risk for death. Patients who were transported by
emergency medical services and those presenting with
acute HF despite being prescribed furosemide or metola-
zone before ED arrival also had higher mortality risk.

Multivariate Analysis
Table 2 shows predictors of 7-day mortality. Appen-

dix Figure 1 (available at www.annals.org) shows cubic
regression splines adjusted for multivariate model covari-
ates. The relationships of age and creatinine concentration
with the log odds of 7-day mortality were linear. Systolic
blood pressure and oxygen saturation were inversely related
to the log odds of death, with an attenuated slope at higher
values. Potassium concentration displayed a U-shaped re-
lationship with mortality. In the derivation set, the
c-statistic of the multivariate model was 0.805, suggesting
high discrimination. The bootstrap-corrected unbiased es-
timate of the ROC area was 0.811 (95% CI, 0.770 to
0.847). There was no lack of model fit (Hosmer–Lemeshow
chi-square statistic, 4.31; P � 0.828) and no overfit, as
determined by a heuristic linear shrinkage estimator (� �
0.946).

In the validation data set, the c-statistic of the multivari-
ate model was 0.826, with no lack of model fit (Hosmer–
Lemeshow chi-square statistic, 2.99; P � 0.935). In the
validation data set, the calibration slope was 0.970 (CI,
0.810 to 1.131) and the calibration in the large P value was

0.923, denoting no miscalibration. The Brier score was
0.20.

EHMRG Score
The EHMRG score comprises multiplicative and ad-

ditive variables, with the method for calculation shown in
Table 3 (online calculator available at www.annals.org).
An adjustment factor of 12 points was added to shift the
median value to approximately 0, such that higher and
numerically positive EHMRG scores conferred increased
risk for death. The EHMRG score was normally distrib-
uted (see Appendix Figure 2, available at www.annals.org),
with a mean score of 5.9 (SD, 62.0) and a median score of
0.5 (25th, 75th percentiles: �40.2, 44.6). For each 20-
point increase in the EHMRG score, the odds of 7-day
death increased by 41% (OR, 1.41 [CI, 1.34 to 1.48]) in
the derivation cohort and by 39% (OR, 1.39 [CI, 1.32 to
1.47]) in the validation cohort (both P � 0.001). For each
1-SD increase in EHMRG, the odds of 7-day mortality
were increased 2.9-fold in the derivation (OR, 2.88 [CI,
2.47 to 3.36]) and validation (OR, 2.92 [CI, 2.44 to 3.49])
cohorts (both P � 0.001). The c-statistic of the EHMRG
was 0.807 in the derivation cohort and 0.806 (CI, 0.761 to
0.842) after bootstrap correction. The c-statistic was 0.803
in the validation cohort and 0.804 (CI, 0.763 to 0.840)
after bootstrap correction.

EHMRG Risk Categories
Figure 2 shows mortality rates and 95% CIs according

to risk score quintiles. Mortality rates were 0.3% in quin-
tiles 1 (score, ��49.1) and 2 (score, �49.0 to �15.9) in
the derivation cohort. Mortality was higher in quintiles 3
(score, �15.8 to 17.9) and 4 (score, 18.0 to 56.5), with the
latter approximating the overall 7-day mortality rate of
2%. Quintile 5 (score, �56.6) contained the 2 highest risk
deciles, with mortality rates of 3.5% in decile 9 (risk group
5a score, 56.6 to 89.3) and 8.2% in decile 10 (risk group

Figure 2. Absolute 7-day mortality rates and 95% CIs, by
EHMRG score.
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5b score, �89.4). The results were similar when the same
score thresholds were applied to the validation data set
(Figure 2). Examining the EHMRG predictiveness curve
(Figure 3), 27% of all patients had predicted risks that
exceeded the average 7-day mortality rate, whereas 25%
had lower than 0.5% mortality risk. At the 25th, 50th, and
75th percentiles of risk (probabilities of death were 0.5%,
1.1%, and 2.3%, respectively), sensitivities were 95.5%,

90.2%, and 69.6%, whereas negative predictive values
were 99.6%, 99.6%, and 99.1%, respectively.

Regardless of whether the HF subcohort was discharged
from the ED or hospitalized, the EHMRG score was similarly
effective in stratifying mortality risk. In a post hoc analysis
combining validation and derivation cohorts, the 7-day mor-
tality rate in the 2 lowest risk quantiles was 0.2% among those
discharged from the ED, with greater than 8-fold risk in
quantile 5a and 21-fold risk in the highest risk group (quantile
5b), as shown in Table 4 (both P � 0.001 vs. quantiles 1 and
2 combined). Among those who were hospitalized, mortality
in the 2 lowest risk quantiles was 0.4%, with nearly 10-fold
risk in quantile 5a and 23-fold risk in the highest risk group
(quantile 5b), as shown in Table 4 (both P � 0.001 vs. quan-
tiles 1 and 2 combined).

Comparison With Hospitalization-Based Algorithms
The EHMRG (derivation c-statistic � 0.807, vali-

dation c-statistic � 0.803) had superior discrimination than
hospitalization-based risk algorithms (9–11), which had
c-statistics that ranged from 0.528 to 0.665 in the derivation
data set and from 0.598 to 0.707 in the validation data set (all
comparisons P � 0.001 vs. the EHMRG score). Compared
with a previously developed hospitalization-based model (En-
hanced Feedback for Effective Cardiac Treatment-HF risk
score) intended for 30-day mortality prediction (12), the
EHMRG had superior discrimination overall (c-statistic,
0.808 vs. 0.755; P � 0.001) when patients who were hospi-
talized or discharged from the ED were included.

DISCUSSION

Clinical decisions pertaining to the acute care of pa-
tients with HF in the ED may be improved by availabil-

Figure 3. Predictiveness of the EMHRG showing ordered
distribution of 7-day mortality risk.
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Table 4. Mortality Rates and ORs for 7-Day Mortality Stratified by Discharge Versus Hospitalization Status in the Derivation and
Validation Data Sets Combined

Risk Quantile Score Range 7-Day Mortality
Rate (95% CI)

P Value* OR (95% CI) P Value*

Discharged from ED†‡
1 or 2 �–15.9 0.21 (0.06 to 0.53) – Reference –
3 �15.8 to 17.9 0.25 (0.03 to 0.91) 0.82 1.22 (0.22 to 6.67) 0.82
4 18.0 to 56.5 1.45 (0.67 to 2.74) �0.001 7.03 (2.16 to 22.92) �0.001
5a 56.6 to 89.3 1.71 (0.56 to 3.95) �0.01 8.32 (2.22 to 31.16) �0.01
5b �89.4 4.27 (1.73 to 8.60) �0.001 21.29 (6.17 to 73.51) �0.001

Hospitalized†§
1 or 2 �–15.9 0.41 (0.21 to 0.72) – Reference –
3 �15.8 to 17.9 0.93 (0.53 to 1.50) �0.05 2.26 (1.07 to 4.79) �0.05
4 18.0 to 56.5 2.13 (1.53 to 2.89) �0.001 5.25 (2.74 to 10.03) �0.001
5a 56.6 to 89.3 3.88 (2.80 to 5.22) �0.001 9.72 (5.09 to 18.57) �0.001
5b �89.4 8.89 (7.37 to 10.60) �0.001 23.52 (12.92 to 42.84) �0.001

ED � emergency department; OR � odds ratio.
* P values for comparison with quantiles 1 and 2 (reference).
† Exact percentages not shown because cell sizes �5 persons cannot be reported, as per Institute for Clinical Evaluative Sciences regulations under the Ontario Personal
Health Information Protection Act.
‡ Rounded to the nearest 5%, approximately 50%, 20%, 15%, 10%, and 5% of discharged cohort were in quantiles 1 or 2, 3, 4, 5a, and 5b, respectively.
§ Rounded to the nearest 5%, approximately 35%, 20%, 20%, 10%, and 15% of hospitalized cohort were in quantiles 1 or 2, 3, 4, 5a, and 5b, respectively.
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ity of prognostic information. However, evidence-based
decision-support tools for the broad group of patients pre-
senting to the ED with HF have not been available. In this
study, we developed and validated a prediction model spe-
cifically for patients with acute HF in the ED. An online
calculator is available at www.annals.org. Unlike previous
studies that examined only patients who were hospitalized,
the EHMRG was developed in a study cohort whose entry
point was presentation to the ED and included those who
were ultimately discharged or hospitalized. The EHMRG
performed well in a validation data set and can assist in
acute decision making by providing the risk for death in
the next 7 days after ED presentation. Mortality risks in
the highest 2 deciles were more than 10-fold (9th decile)
and 25-fold (10th decile) higher than the 0.3% event rate
in the 2 lowest risk quintiles.

Previous studies have suggested a mortality effect of
some of the EHMRG predictor covariates, including initial
systolic blood pressure, heart rate, potassium, and creati-
nine (9–11). However, although oxygen saturation was
cited in guidelines as a potential reason for hospitalization,
it has not been associated with prognosis (24). Further-
more, despite demonstration of higher mortality with tro-
ponin elevation (25), multivariate HF risk models have not
included troponin as a predictor of outcome. As seen with
other conditions studied in the ED setting (26), patients
who required paramedic transport were also at substantially
higher risk for death. Finally, diuretic use is known to be
an important prognostic factor that reflects greater severity
of HF, dysfunction of the cardiorenal axis, or both (27).
Our data suggest that the occurrence of acute HF despite
use of metolazone was a more potent factor associated with
early death in multivariate analysis.

A major strength of EHMRG is that it encompasses all
patients presenting to the ED, regardless of whether they
were hospitalized or discharged. If a model is intended to
guide hospitalization-versus-discharge decisions based on
acute prognosis, it is important to examine a patient sam-
ple whose inception is presentation to the ED and not only
those who were hospitalized. The examination of a broad
cohort of ED patients with HF was probably a major con-
tributor to the superior discrimination of EHMRG com-
pared with other models that examined hospitalized co-
horts (9–11), which were not designed to ensure accuracy
in those with different HF trajectory or severity, also
known as spectrum transportability (13). Consensus-based
considerations to assist hospitalization or discharge deci-
sions have been published in HF guidelines; however, these
recommendations were based on disparate studies of iso-
lated predictors (24).

Many variables included in the EHMRG reflect bio-
logical perturbations that predispose to increased mortality
risk. Among patients with HF who are acutely ill, lower
initial oxygen saturation reflects greater respiratory com-
promise and pulmonary congestion (28). Lack of elevation
of initial systolic blood pressure in the patient with acute

HF is a predictor of death, reflecting underlying left ven-
tricular contractile dysfunction (29). Higher initial heart
rates may reflect several contributing processes, including
the need for increased chronotropy to maintain cardiac
output and sympathoadrenergic response (30). The mech-
anism for the biphasic effect of potassium is complex, re-
flecting cardiorenal disturbances of the renin–angiotensin–
aldosterone system, effects of medications, or alterations in
renal function (31).

The implications of the EHMRG relate to its ability to
support decision making in the ED by complementing the
physician’s assessment of symptomatic response and clini-
cal factors with prognostic data. Methods for acute prog-
nostication that are not contingent on knowledge of un-
derlying HF cause and ventricular functional status are
needed, because these may be unknown in the ED setting.
The potential effect of the EHMRG depends on the base-
line rate of hospitalization of patients with HF from the
ED. At institutions with higher rates of hospitalization of
low-risk patients, use of the score may identify patients
who can be safely discharged with appropriate postdis-
charge care (32). At EDs with higher baseline rates of dis-
charge, the EHMRG may identify high-risk patients who
may have been otherwise discharged and might benefit
from rapid diagnostic testing and therapy provided in the
acute hospital setting (32). In our study population (Table
4), if the EHMRG was applied to the discharged cohort
and patients with scores of 18.0 or greater (risk quantiles 4
and 5) were hospitalized, 28.5% of patients would be re-
classified to hospitalization. A more stringent score of 56.6
or greater (risk quantile 5) would have resulted in 12.1% of
patients being reclassified to hospitalization. The caveat
that applies to all decision-support tools is pertinent, be-
cause the EHMRG is intended to assist the clinician, who
should ultimately synthesize the risk score with clinical
judgment because the decision to hospitalize or discharge
patients with HF weighs several potential factors. Symp-
tomatic improvement, ability of the patient to seek
follow-up care, and social circumstances should also be
considered, along with quantification of acute prognosis.
However, published data suggest that there is potential for
improvement in hospitalization-versus-discharge decision
making, because many low-risk patients with HF are hos-
pitalized and some high-risk patients are discharged (7).

Our study has some limitations. The EHMRG was
designed for evaluation of patients with either new or re-
current episodes of acute HF, and not chronic HF, and
thus its performance was not compared with risk models
for symptomatically stable disease (33). Brain natriuretic
peptide testing was not frequently performed in the ED
setting and was not included in the risk model. Indeed,
routine testing is not suggested in HF guidelines (34) and
has not been demonstrated to be beneficial in the acute
setting (35, 36). Determination of medication use was
based on prescriptions in the medical record before ED
arrival, and adherence to these drugs was not verified by
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using administrative pharmacare databases. Left ventricular
function was not included in this analysis because the acute
evaluation of systolic function is often not available in the
ED setting. However, inclusion of left ventricular ejection
fraction of 0.45 or less (n � 1527), more than 0.45 (n �
969), or unknown (n � 2662) to the EHMRG model
increased the c-statistic only minimally, from 0.826 to
0.828, in the validation data set (P � 0.309). Finally, be-
cause the 7-day mortality rate of patients who were hospi-
talized was approximately 2-fold that of those discharged
from the ED (Table 4), other unmeasured factors that may
have had an effect on mortality probably remained (for
example, reduced �-blocker dosage or nonuse resulting in
higher heart rate). However, decision-support tools require
a balance between variable inclusiveness and model sim-
plicity, limiting the incorporation of an exhaustive list of
potential factors in the model.

In conclusion, the EHMRG is a simple clinical risk
model that can predict, with high accuracy, acute mortality
among patients with HF who present to the ED. The im-
portance of this risk model for prognostication is under-
scored by the inclusion of patients who present to the ED
regardless of disposition and its utility in guiding acute care
decisions. The care and outcomes of patients with acute
HF may be substantially improved if clinical judgment is
supported by prognostic quantification in emergent care.
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Appendix Table. Univariate Analysis for 7-Day Death (All Variables)

Variable Units or Reference Category OR (95% CI) P Value

Age 10-y increase 1.53 (1.28–1.83) �0.001
Male vs. female 1.11 (0.79–1.57) 0.54
Transported by EMS vs. no EMS 3.90 (2.69–5.65) �0.001
Nursing home or long-term care vs. from home 3.09 (1.98–4.82) �0.001
CTAS score

1 (triage critical) 2.72 (0.82–9.01) 0.103
2–3 (urgent or emergent) 1.58 (0.64–3.87) 0.32
4–5 (nonurgent) Reference Reference NA

SBP 20–mm Hg decrease 1.39 (1.23–1.57) �0.001
Heart rate 10-beats/min increase 1.06 (0.99–1.14) 0.077
Respiratory rate 5-breaths/min increase 1.07 (0.95–1.21) 0.29
Oxygen saturation 5% decrease 1.21 (1.09–1.34) �0.001
Coronary artery disease 1.19 (0.84–1.69) 0.34
Previous coronary revascularization* 0.53 (0.32–0.88) 0.013
Diabetes 0.78 (0.54–1.12) 0.173
Hypertension 0.76 (0.54–1.08) 0.127
Cerebrovascular disease† 1.55 (1.03–2.33) 0.035
Peripheral artery disease 0.97 (0.56–1.66) 0.90
Chronic pulmonary disease 1.41 (0.96–2.06) 0.077
Dementia 1.85 (1.05–3.24) 0.033
Active cancer 2.41 (1.55–3.76) �0.001
Hemoglobin 10-g/L increase 0.86 (0.79–0.94) �0.001
Leukocyte count 1 � 109 cells/L increase 1.03 (1.01–1.06) 0.012
Sodium 5-mmol/L increase 0.98 (0.84–1.14) 0.81
Potassium 1-mmol/L increase 1.64 (1.31–2.04) �0.001
Creatinine 1-mg/dL (88.4-�mol/L) increase 1.53 (1.33–1.77) �0.001
Troponin �ULN vs. normal 4.32 (2.99–6.24) �0.001
Atrial fibrillation or flutter 1.33 (0.94–1.90) 0.111
QRS duration 10-msec increase 1.00 (0.95–1.05) 0.96
Medications at home

ACE inhibitor or ARB 0.81 (0.57–1.14) 0.22
�-Adrenoreceptor antagonist 0.87 (0.62–1.23) 0.43
Digoxin 1.41 (0.95–2.09) 0.089
Furosemide 1.73 (1.21–2.47) 0.003
Metolazone 3.16 (1.36–7.32) 0.007

ACE � angiotensin-converting enzyme; ARB � angiotensin–II receptor blocker; CTAS � Canadian Triage and Acuity Scale; EMS � emergency medical services; NA �
not applicable; OR � odds ratio; SBP � systolic blood pressure; ULN � upper limit of normal.
* Previous percutaneous coronary intervention or coronary artery bypass graft surgery.
† Stroke or transient ischemic attack.
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Appendix Figure 1. Cubic spline curves showing adjusted log odds of 7-day mortality for continuous covariates.
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Appendix Figure 2. Distribution of EHMRG score in derivation and validation data sets.
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