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Study objective: The Multiple Estimation of Risk Based on the Emergency Department Spanish Score in Patients With Acute
Heart Failure (MEESSI-AHF) is a validated clinical decision tool that characterizes risk of mortality in emergency department (ED)
acute heart failure patients. The objective of this study is to compare the distribution of risk categories between hospitalized and
discharged ED patients with acute heart failure.

Methods: We included consecutive acute heart failure patients from 34 Spanish EDs. Patients were retrospectively classified
according to MEESSI-AHF risk categories. We calculated the odds of hospitalization (versus direct discharge from the ED) across
MEESSI-AHF risk categories. Next, we assessed the following 30-day postdischarge outcomes: ED revisit, hospitalization, death,
and their combination. We used Cox hazards models to determine the adjusted association between ED disposition decision and
the outcomes among patients who were stratified into low- and increased-risk categories.

Results: We included 7,930 patients (80.5 years [SD 10.1 years]; women 54.7%; hospitalized 75.3%). Compared with that for
low-risk MEESSI-AHF patients, odds ratios for hospitalization of patients in intermediate-, high-, and very-high-risk categories were
1.83 (95% confidence interval [Cl] 1.64 to 2.05), 3.05 (95% ClI 2.48 to 3.76), and 3.98 (95% Cl 3.13 to 5.05), respectively.
However, almost half (47.6%) of all discharged patients were categorized as being at increased risk by MEESSI-AHF, and 19.0% of
all the increased-risk patients were discharged from the ED. Among the low-risk MEESSI-AHF patients, the 30-day postdischarge
mortality did not differ by ED disposition (hazard ratio [HR] for discharged patients with respect to hospitalized ones 0.65; 95% Cl
0.70 to 1.11), nor did it differ in the increased-risk group (HR 0.88; 95% Cl 0.63 to 1.23). The discharged low-risk MEESSI-AHF
patients had higher risks of 30-day ED revisit and hospitalization (HR 1.86, 95% Cl 1.57 to 2.20; and HR 1.92, 95% CI 1.54 to
2.40, respectively) compared with the admitted patients, as did the discharged patients in the increased-risk group (HR 1.62,
95% Cl 1.39 to 1.89; and HR 1.40, 95% Cl 1.16 to 1.68, respectively), with similar results for the combined endpoint.

Conclusion: The disposition decisions made in current clinical practice for ED acute heart failure patients calibrate with MEESSI-

categories. [Ann Emerg Med. 2019;74:204-215.]

AHF risk categories, but nearly half of the patients currently discharged from the ED fall into increased-risk MEESSI-AHF
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INTRODUCTION
Background

The emergency department (ED) plays a central role
in the management of acute heart failure because
approximately 90% of patients with this condition attend an
ED to relieve their symptoms.' In the ED, acute heart failure

*All members are listed in the Appendix.

patients are usually treated with diuretic intensification,
oxygen supplementation, and, if needed, vasodilators and
morphine.” Once these treatments have been administered
and their effects evaluated, a decision is needed about
whether the patient should be hospitalized or can be
discharged with adequate treatment and subsequent follow-
up. Some risk scores to help in this decisionmaking have
recently been developed,” although currently none are
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Editor’s Capsule Summary

What is already known on this topic

Risk-prediction tools for emergency department
(ED) heart failure are not currently used in clinical
practice.

What question this study addressed

How well does current emergency physician practice
agree with the Multiple Estimation of Risk Based on
the Emergency Department Spanish Score in Patients

With Acute Heart Failure (MEESSI-AHF) heart
failure risk-prediction tool?

What this study adds to our knowledge

In this observational study of 7,930 patients from 34
Spanish EDs, physician admission decisions
correlated well with increasing MEESI-predicted risk.
However, 19% of increased-risk patients were
discharged home. Regardless of predicted risk,
discharged patients were at higher risk for repeated
ED visits and readmission.

How this is relevant to clinical practice

Current emergency physician heart failure practice
includes discharge of some high-risk patients. Future
studies are needed to determine whether decision
tools can improve heart failure discharge decisions
and the outcomes associated with them.

widely used in the ED. Therefore, the decision to discharge
patients directly from the ED without hospitalization,
which currently takes place for approximately one quarter
of acute heart failure patients,” is still empirically driven by
the subjective assessment of emergency physicians. Some
authors have highlighted that patients with acute heart
failure who are discharged from the ED have worse
outcomes than those discharged after hospitalization””!
this setting, risk stratification could probably improve the
outcomes of acute heart failure patients by better
(objective) selection of those who need to be hospitalized.
We recently derived the Multiple Estimation of Risk
Based on the Emergency Department Spanish Score in
Patients With Acute Heart Failure (MEESSI-AHF) scale to
risk stratify acute heart failure patients in EDs.” This risk
score demonstrates that the individual 30-day risk of mortality
in acute heart failure patients admitted to the ED can be
reliably estimated with 13 readily available items. This tool
(available at http://meessi-ahf.risk.score-calculator-ica-semes.
portalsemes.org) achieved a strong risk discrimination in
derivation and validation cohorts (¢ statistic 0.836/0.828)

2 .
;1n

with an adequate goodness-of-fit model. A posterior validation
in a new Spanish cohort of acute heart failure patients
obtained similar results, and the discriminative capacity was
very similar (c statistic 0.832) in hospitals that had not
participated in the development of the score.'? Recently, a
validation in a Swiss cohort also confirmed its high
discriminative capacity (cstatistic 0.80). ' The MEESSI-AHF
scale stratifies patients into 4 clinical categories, corresponding
to low-, intermediate-, high-, and very-high-risk groups.

Importance

Before implementation of the MEESSI-AHF scale into
clinical practice, it is important to know how emergency
physician disposition decisions compare with the MEESSI-
AHEF risk score. Ideally, most admitted patients should
be classified to one of the “increased-risk” categories (ie,
intermediate-, high-, or very-high-risk groups), whereas most
discharged patients should be classified as low risk. In
addition, because the recommendation of MEESSI-AHF is
to admit patients with increased risk, it is also important to
evaluate whether the hospitalization of these patients is
associated with better outcomes than if they were discharged
home. In a select sample of low-risk patients who were
discharged home from the ED, we found that 30-day
mortality and 7-day ED revisit rates fell into the standards
recommended by experts 15:16. b owever, to our knowledge no
comparison has been made between the outcomes obtained
in discharged versus hospitalized low-risk patients, nor has
the potential beneficial effect of hospitalization for patients at
increased risk of developing adverse outcomes been assessed.

Goals of This Investigation

In this study, we explored how well emergency physician
disposition decisions matched the MEESSI-AHF scale
categories by investigating the MEESSI-AHF risk category
distribution of patients hospitalized and discharged home
after their initial management at the ED. In addition, we
looked for differences in outcomes among patients
classified into the low- versus increased-risk categories,
depending on whether they were admitted to the hospital
or sent home after ED care.

MATERIALS AND METHODS

Selection of Participants

We included all consecutive patients with a diagnosis of
acute heart failure in the EDs of 34 Spanish hospitals
(representing 10% of the 339 Spanish public hospitals)
from February 1 to March 31, 2014 (Epidemiology of
Acute Heart Failure in Emergency Department [EAHFE]
registry, phase 4), and from January 1 to February 29, 2016
(EAHFE registry, phase 5). These cohorts of patients had
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not been included in the previous derivation of the
MEESSI-AHF scale. Hospital participation in the study
was by convenience because all EDs were participating in
the EAHFE registry”®” at the study. Details of patient
inclusion have been reported previously.””"” Briefly,
patient enrollment is conducted by any attending
emergency physician at the participating EDs who received
specific study protocol instructions during a weekly ED
meeting preceding patient recruitment. Attending
physicians are responsible for acute treatment following the
prevailing international guidelines, and patient
management is wholly performed without any specific
intervention in connection with patient inclusion into the
EAHFE registry.

All cases are confirmed by the principal investigator of
each center to ensure that the patients meet the diagnostic
criteria of acute heart failure according to the Framingham
clinical criteria.'® If possible, the diagnosis is also confirmed
by measurement of plasma natriuretic peptide,
echocardiography, or both during the ED or hospital stay,
following the guidelines for acute heart failure.”"”
However, patients with clinical diagnostic criteria but
without echocardiographic or natriuretic peptide
confirmation are accepted in the registry to obtain a cohort
as close as possible to what is observed in routine
emergency medicine practice. The principal investigator of
each center is responsible for deciding the final diagnosis of
the cases. All principal investigators are provided with a
common dictionary of terms to ensure standard definitions
at all centers (Table E1, available online at http://www.
annemergmed.com). The only exclusion criterion to the
EAHEFE registry is a primary diagnosis of ST-segment
elevation myocardial infarction with the concurrent
development of acute heart failure (which occurred in 3%
of the acute heart failure cases). The decision about the
final patient placement after ED care was made by the
attending physicians according to their own experience and
local protocols, and risk stratification was not estimated by
using any objective scale for any patient included in the
present study.

Study Design

In this prospective cohort study, we retrospectively
estimated the MEESSI-AHF risk score of each patient by
using the complete model (13 variables), assigning each
patient to 1 of the 4 MEESSI-AHF risk categories: low risk
(this includes the bottom 2 quintiles of the original derivation
study of the MEESSI-AHF scale), intermediate risk (includes
the third and fourth quintiles), high risk (ninth decile), and
very high risk (10th decile). The latter 3 categories were

collectively termed “increased risk.” Next, we divided the
sample into 2 groups: patients admitted to the hospital after
ED care versus those discharged directly from the ED.

We recorded 45 variables (including the 13 needed to
calculate the MEESSI-AHF score): 2 on epidemiology, 12
on comorbidity, 6 on long-term treatments received at
home, 8 on clinical status at ED arrival, 4 on ECG, 7 on
laboratory data, and 6 on treatment and management at the
ED. The definition of each variable is presented in
Table E1, available online at http://www.annemergmed.
com. The data collection process and protocols were the
same as those used in the previous EAHFE registries.” "’
Because this was an observational study, no intervention
was tested; hence, our data reflect the usual patient
management provided by the attending physicians. During
patient recruitment, the MEESSI-AHF risk score was not
yet available, and all decisions on patient management were
carried out without knowledge of the patient risk category.

Outcome Measures

We determined the disposition status for each risk
category. For the purposes of the present study, we also
defined 4 postdischarge outcomes, with follow-up starting
at discharge, either from the ED or from hospitalization.
These outcomes were limited to patients discharged alive
after the index episode (ie, inhospital deaths were not
considered) and consisted of the following: 30-day all-cause
mortality; 30-day ED revisit (with or without subsequent
hospitalization) because of persistence or reappearance of
acute heart failure signs and symptoms; 30-day
hospitalization because of persistence or reappearance of
acute heart failure signs and symptoms; and 30-day
combined endpoint (made up of the latter 3 outcomes,
whichever came first). The outcomes were assessed by
telephone call and review of primary care and hospital
medical records.

Primary Data Analysis

Continuous data are presented as mean and SD or
median and interquartile range, whereas categoric data are
presented as frequencies and percentages. A multiple
imputation technique using chained equations was used to
produce 50 imputed data sets that replaced the missing
values in the 13 variables included in the MEESSI-AHF risk
score. Using the imputed data, we calculated the individual
MEESSI-AHEF risk score for each patient, adding his or her
relevant coefficient for each risk factor to the intercept value.
Patients were then assigned to 4 clinical risk categories (low/
intermediate/high/very high) with the original thresholds
obtained in the MEESSI-AHF risk score stratification.”
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They were also further categorized as low and increased risk;
the latter was defined as intermediate, high, or very high.

We used logistic regression to evaluate the association
between the clinical decision to hospitalize or discharge the
patient from the ED (the dependent variable of interest) and
the MEESSI-AHF clinical risk category (4-level variable using
low risk as the reference). Survival curves were separately
performed for patients at low and increased risk for each
postdischarge outcome, using the Kaplan-Meier method, and
the log-rank test was used to compare curves of discharged and
hospitalized patients. Univariate Cox proportional hazards
modeling was used to examine the association between patient
disposition and the postdischarge outcomes in patients in the
low- and increased-risk groups. To adjust for potential
differences in the severity of the acute heart failure episode
between the hospitalized and discharged patients included in
the same risk category, we included the MEESSI-AHF score in
each risk cohort.

Sensitivity Analyses

We performed 2 sensitivity analyses. The first estimated
all the associations, using only patients with enough data to
calculate the MEESSI-AHF score (ie, without multiple
imputation). In the second sensitivity analysis, we selected
patients with a comparable MEESSI-AHF score within
each of the categories and compared outcomes for

discharged and hospitalized patients, following the same
strategy as that used by Lee et al.” Briefly, we compared
outcome rates in patients with predicted probabilities of
30-day death estimated by the MEESSI-AHF scale within
the same range, defined empirically by the 75th percentile
of risk for discharged patients and the 25th percentile for
admitted patients. Thus, we compared the overlapping
region of patients with a comparable MEESSI-AHF risk
score included within the higher risk of discharged patients
and the lower risk of admitted patients. The 2-tailed
significance level was set at <.05 or when the 95% CI of
odds ratio or hazard ratio (HR) excluded the value 1. Stata
(version 15.1; StataCorp, College Station, TX) was used to
perform both of the analyses and produce graphs.

The present study followed the Declaration of Helsinki
on Ethical Principles for Medical Research Involving
Human Subjects, and patients gave informed consent to
participate and to be contacted for follow-up. The protocol
was approved by the Ethical Committee at the Hospital
Universitario Central de Asturias (Oviedo, Spain).

RESULTS

A total of 7,946 patients were admitted to the ED
because of an acute heart failure index episode, and 30-day
mortality data were available for 7,930 (Figure 1). The
mean age was 80.5 years (SD 10.1 years), and 54.7% were

N= 7,946

Patients included in the EAHFE cohorts 4 & 5

> 13 without data on mortality

N=7,930

Patients with 30-day mortality data recorded

Patients classified as at low risk
by the MEESSI scale
N= 3,208 (40.5%)

Patients classified as at increased risk
by the MEESSI scale
N= 4,902 (59.5%)
(3,326 intermediate; 841 high; 735 very-high)

I

> 569 dying during the index episode (not discharged alive)
> 254 without data about post-discharge ED revisit or hospitalization

N= 7,107

Patients included in the post-discharge outcome analysis

Patients classified as at low risk
by the MEESSI scale
N= 2,861 (40.3%)

Patients classified as at increased risk
by the MEESSI scale
N= 4,246 (59.7%)
(3,031 intermediate; 706 high; 509 very-high)

Figure 1. Triage flow chart for patient inclusion.
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Table 1. Characteristics of the 7,930 ED acute heart failure patients in the study.

Characteristics No. (%) Missing Values (%)
Epidemiologic data
Age, mean (SD), y* 80.5 (10.1) 5(0.1)
Female sex 4,316 (54.7) 45 (0.6)
Comorbidities
Hypertension 6,655 (84.1) 5(0.2)
Diabetes mellitus 3,340 (42.2) 3(0.2)
Ischemic heart disease 2,251 (28.4) 4 (0.2)
Chronic kidney disease (creatinine >2 mg/dL) 2,160 (27.3) 4 (0.2)
Cerebrovascular disease 1,020 (12.9) 5 (0.2)
Atrial fibrillation 3,934 (49.6) 3(0.2)
Heart valve disease 2,084 (26.3) 5(0.2)
Peripheral artery disease 766 (9.7) 7 (0.2)
Chronic obstructive pulmonary disease 1,859 (23.5) 5(0.2)
Dementia 1,060 (13.4) 6 (0.2)
Cancer 1,162 (14.7) 9 (0.2)
Previous episodes of acute heart failure 4,479 (56.7) 5 (0.4)
Long-term treatments at home
Diuretic (any) 4,998 (63.0) 320 (4.0)
(-Blocker 3,486 (45.9) 327 (4.1)
Angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker 4,319 (54.5) 0
Mineralocorticoid-receptor antagonist 1,318 (17.3) 323 (4.1)
Ivabradine 103 (2.2) 3,164 (39.9)"
Digoxin 1,033 (13.6) 330 (4.2)
Clinical status at ED arrival
Systolic blood pressure, mean (SD), mm Hg* 140.7 (27.2) 112 (1.4)
Pulse rate, mean (SD), beats/min 87.5 (23.3) 173 (2.2)
Respiratory rate, mean (SD), breaths/min* 22.3 (6.7) 2,598 (32.8)
Air-room pulse oximetry, mean (SD), %* 92.4 (6.6) 266 (3.4)
NYHA functional class >Il, No. (%)* 6,769 (88.5) 284 (3.6)
Functional status assessed by Barthel index, mean (SD), points* 66.1 (29.4) 2,134 (26.9)
Low output signs and symptoms* 1,351 (17.1) 7 (0.2)
Acute coronary syndrome triggering index episode* 129 (1.6) 0
ECG
Atrial fibrillation 3,945 (52.0) 337 (4.3)
Left ventricular hypertrophy* 269 (3.5) 338 (4.3)
Left bundle branch block 717 (9.5) 339 (4.3)
Pacemaker rhythm 657 (8.7) 338 (4.3)
Laboratory data
Hemoglobin, mean (SD), g/L 112.0 (21.2) 8 (1.0)
Glucose, mean (SD), mg/dL 149.0 (90.8) 144 (1.8)
Creatinine, mean (SD), mg/dL* 1.4 (0.9) 9 (1.2)
Sodium, mean (SD), mEq/L 138.3 (5.1) 205 (2.6)
Potassium, mean (SD), mEq/L* 4 (0.7) 532 (6.7)
NT-proBNP, median (IQR), pg/mL* 3,721 (6,197) 4,320 (54.5)
Elevated troponin* 2,668 (61.9) 3,621 (45.7)
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Table 1. Continued.

Characteristics No. (%) Missing Values (%)

Treatment and management at ED
Oxygen 5,476 (69.7) 73 (0.9)
Noninvasive ventilation 529 (6.7) 74 (0.9)
Morphine 489 (6.2) 71 (0.9)
Diuretic (IV) 6,516 (82.9) 74 (0.9)
Nitroglycerin (IV) 922 (11.7) 71 (0.9)
Inotropic or vasopressor treatment 110 (1.4) 77 (1.0)

IQR, Interquartile range.
*Variables included in the MEESSI-AHF risk score.

TData for long-term treatment with ivabradine were collected by a single pilot center during the EAHFE-4 registry (2011) and for all centers during the EAHFE-5 registry (2014).

women (Table 1). Patients had a high burden of
comorbidities, including cardiovascular diseases
(hypertension 84.1%, acute heart failure 56.7%, atrial
fibrillation 49.6%, and diabetes mellitus 42.2%). During
the ED stay, 6.7% of patients required noninvasive
ventilation and 1.4% inotropic or vasopressor drugs.

According to the MEESSI-AHF scale, patients were
classified into the risk categories of low (3,028 patients;
38.2%), intermediate (3,326 patients; 41.9%), high (841
patients; 10.6%), and very high (735 patients; 9.3%). The
30-day all-cause mortality for the entire cohort was 10.1%
(802 patients). The mortality observed in each MEESSI-
AHEF risk category was 139 patients (4.6%) in the low-risk
category, 276 (8.3%) in the intermediate-risk category, 137
(16.3%) in the high-risk category, and 250 (34.0%) in the
very-high-risk category. Hospitalization occurred for 5,971
patients (75.3%), whereas the remaining 1,959 patients
(24.7%) were discharged home after ED management. The
disposition distribution across risk categories is shown in
Figure 2. Of the patients categorized as increased risk, 932
(19.0%) were discharged from the ED, and 47.6% of the
discharged patients were categorized as increased risk by
MEESSI-AHF. Among the latter discharged patients, the
majority were categorized as intermediate risk (37.1%),
whereas 6.2% and 4.3% were categorized as high and very
high risk, respectively. The higher the risk category, the
higher the probability of being hospitalized.

Follow-up data after discharge were available for 7,107
patients (Figure 1). In this cohort, the following outcomes
were found: 30-day postdischarge mortality, 317 patients
(4.5%); 30-day postdischarge ED revisit, 1,408 patients
(19.8%); 30-day postdischarge hospitalization, 933 patients
(13.1%); and 30-day postdischarge combined endpoint,
1,571 patients (22.1%). There were 4,246 patients
categorized as increased risk (3,031 intermediate, 706 high,
and 509 very high) and 2,861 as low risk. Figure 3 shows
detailed curves for all the postdischarge outcomes for

patients at low and increased risk, along with comparison
between discharged and admitted patients. After
adjustment, the 30-day postdischarge mortality for
increased-risk patients did not differ significantly in the 866
patients discharged from the ED compared with the 3,380
patients discharged after hospitalization (HR 0.88; 95%
CI 0.63 to 1.23; P=.45), but the former had significantly
increased rates of 30-day postdischarge ED revisit (HR 1.62;
95% CI 1.39 to 1.89; P<.001), hospitalization (HR 1.40;
95% CI 1.16 to 1.68; P<.002), and the combined endpoint
(adjusted HR 1.48; 95% CI 1.28 to 1.71; P<.001). In
addition, the analysis for the low-, intermediate-, high-, and
very-high-risk categories showed similar results: no effect on
mortality and increased risk for ED revisit, hospitalization,
or the combined endpoint (Table 2). Likewise, the low-risk
MEESSI-AHF patients discharged from the ED without
hospitalization had higher risks of 30-day ED revisit (HR
1.86; 95% CI 1.57 to 2.20; P<.001), hospitalization (HR
1.92; 95% CI 1.54 to 2.40; P<.001), and combined
endpoint (HR 1.69; 95% CI 1.43 to 1.99; P<.001),
without a statistically significant change in mortality (HR
0.65; 95% CI 0.38 to 1.11; P=.11) (Table 2).

In a sensitivity analysis using only patients’ complete data
for calculating a MEESSI-AHF score, we observed results that
were similar to the primary results (Table 2). Finally, very
similar associations were also observed in the analysis with a
comparable MEESSI-AHF score within each risk category
(Figure E1, available online at http://www.annemergmed.
com), although this second sensitivity analysis could be carried
out only in the low- and intermediate-risk categories because
of the small number of patients in the high- and very-high-risk
categories who were discharged from the ED (Table 2).

LIMITATIONS

This study has several limitations. Because of the
observational nature of the data, the study design cannot

Volume 74, No. 2 : August 2019

Annals of Emergency Medicine 209


http://www.annemergmed.com
http://www.annemergmed.com

Emergency Department Decisionmaking in Acute Heart Failure Patients

Miré et al

A B
100% 100%
Very high risk
80% - 80% - High risk
60% 60%
Intermediate risk
40% 40% -
o % -
20% 20% Low risk
0% - 0% -
Low risk Intermediate risk High risk Very high risk Discharged from ED Hospitalized
(n=3028) (n=3326) (n=841) (n=735) (n=1959) (n=5971)
Discharged from ED
C
. e OR for hospitalization
Total Discharged from ED Hospitalized (95% Cl)
Low risk 3,028 1,027 (33.9%) 2,001 (66.1%) 1 (reference)
Intermediate-risk 3,326 727 (21.9%) 2,599 (78.1%) 1.83 (1.64-2.05)
High-risk 841 121 (14.4%) 720 (85.6%) 3.05 (2.48-3.76)
Very high-risk 735 84 (11.4%) 651 (88.6%) 3.98 (3.13-5.05)
Total 7,930 1,959 (24.7%) 5,971 (75.3%) -

Figure 2. Stacked bar chart for category of risk and admission to the hospital at the index ED visit (A) and by admission to the
hospital at the index ED visit and category of risk (B). C, Detailed patient distribution and unadjusted odds ratios for hospitalization

according to the MEESSI-AHF risk category.

show causality, but rather only an association. Some
residual confounding factors may still remain for some of
our estimations, especially in regard to the effect of
hospitalization on postdischarge outcomes. Indeed,
although the current data seem to indicate that
hospitalization prevented adverse postdischarge outcomes
in any risk group, this could have been due to residual
confounding factors in the hospitalized group, which
would have had higher adverse outcome rates if they had
not been stabilized by hospitalization. The diagnosis of
acute heart failure was based on clinical criteria, and the
final diagnosis of acute heart failure was not supported
by natriuretic peptide or echocardiographic criteria in
all the cases. This was an actual cohort, without
intervention, and attending emergency physicians did
not receive any specific instructions about patient
management and placement. Therefore, the current
practice could have differed from one center to another.
There was no sample size calculation because of its
exploratory nature, and a type II error cannot be ruled
out in some of the estimations made, especially in the
outcomes with fewer events.

Study patients were from a single country; thus, further
studies in other countries are needed to confirm our findings
in different settings. We did not record whether the reason
leading to the final decision to discharge or hospitalize
patients was based on clinical parameters or on patient or
family wishes; therefore, we cannot interpret the increased
adverse outcomes found in the patients discharged from the
ED as physician errors. The MEESSI-AHF scale was derived
and validated to predict 30-day mortality but not 30-day
ED revisit or hospitalization; therefore, its performance to
predict these outcomes is unknown. In fact, we found that
this performance was poor (¢ statistics <0.60) in low-risk
patients who were discharged home from the ED."” Finally,
we had to use multiple imputation methods because a
considerable number of variables were missing, particularly

for the variables in the MEESSI-AHF score.

DISCUSSION

Our study has 3 main findings. First, hospitalization
versus discharge decisions made by emergency physicians
correlate with MEESSI-AHF severity: hospitalization rates
were higher in higher MEESSI-AHF risk categories. The
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Figure 3. Survival curves by clinical risk categories determined by the MEESSI-AHF scale for the four 30-day postdischarge
outcomes evaluated in the present study. Blue represents patients at low risk and red at increased risk, whereas solid and dashed
lines represent discharged and admitted patients, respectively. Outcomes for discharged and admitted patients are compared

within each of these subgroups by log-rank test.

second finding is that among patients who were discharged
home directly from the ED, approximately half were in
categories of increased MEESSI-AHF risk, with almost
11% of the discharged patients at high and very high risk
(6.2% and 4.3%, respectively). Finally, we found that acute
heart failure patients discharged from the ED were at
increased risk of ED revisit or hospitalization after discharge
because of persistence or reappearance of acute heart failure
signs, irrespective of the MEESSI-AHF risk category.
Patient disposition after complete ED management is
one of the most important decisions to be made by
emergency physicians. To make this decision, many
medical and nonmedical circumstances have to be
d,%?! and among these, evaluation of the risk of
adverse events is one of the most important. There are well-
proven and widely used risk scores for some conditions
frequently observed in the ED, such as in pneumonia or
acute coronary syndrome (ie, the Fine®* or Global Registry
of Acute Coronary Events”™ scores, respectively). However,
to date risk scores in patients with acute heart failure in the
ED have not been widely used. Most of the scores
developed in acute heart failure have been exclusively tested

considere

in hospitalized patients (thereby ignoring the fact that,
depending on the country, between 16% and 36% of
patients are exclusively managed in the ED), tested by
using biomarkers that are not currently available in the
majority of EDs, or both.'® Only 5 scores have been
developed in the ED,”*** including MEESSI-AHF. The
present study shows that emergency physicians make
hospitalization decisions that correlate with mortality risk
predicted by the MEESSI-AHEF. Indeed, for patients in the
highest-risk category, the odds ratio for hospital admission
was nearly 4-fold that of patients in the low-risk category.
Our study also demonstrates that MEESSI-AHF can
provide data to support emergency physician disposition
decisions because a substantial proportion of increased-risk
patients were discharged home. However, although no
increase in postdischarge mortality was observed, patients
discharged from the ED were at increased risk of repeated ED
revisits or rehospitalization. This could have been due to the
fact that once patients with a decompensation of a chronic
disease (such as heart failure) have improved and are
discharged (from the ED or after hospitalization), a vulnerable
phase lasting for several weeks exists in which such patients are
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Table 2. Postdischarge HRs (95% CI) for the outcomes of patients directly discharged from the ED compared with hospitalized patients.*

Increased Risk

(Intermediate, High, and

Very High Risk Grouped), Intermediate Risk, High Risk, Very High Risk,
Low Risk, N=2,861 N=4,246 N=3,031 N=706 N=509
30-day mortality
Events in discharged patients, No. (%) 8 (1.8) 41 (4.7) 28 (4.1) 6 (5.4) 7 (10.9)
Events in discharged patients, No. (%) 2 (2.8) 206 (6.1) 101 (4.3) 8 (8.1) 57 (12.8)
Unadjusted HR (95% ClI) discharged vs hospitalized 0.64 (0.37-1.90) 0.78 (0.55-1.08) 0.94 (0.62-1.43) 0.66 (0.28-1.55) 0.85 (0.39-1.87)
Adjusted HR (by MEESSI score) (95% Cl) with multiple imputation 0.65 (0.38-1.11) 0.88 (0.63-1.23) 0.99 (0.65-1.50) 0.66 (0.28-1.54) 0.82 (0.37-1.81)
Adjusted HR (by MEESSI score) (95% ¢l without multiple imputation 1.40 (0.70-2.81) 0.88 (0.54-1.44) 1.15 (0.66-2.00) 0.25 (0.03-1.82) 0.78 (0.19-3.27)
HR in patients with comparable MEESSI score (95% CI)* 0.67 (0.25-1.82) 0.88 (0.50-1.57) 0.88 (0.50-1.57) = —
30-day ED revisit (irrespective of hospitalization)
Unadjusted HR (95% Cl) discharged vs hospitalized 257 (25.7) 231 (26.7) 181 (26.2) 0 (27.0) 0 (31.3)
Events in discharged patients, No. (%) 287 (15.4) 633 (18.7) 416 (17.8) 121 (20.3) 6 (21.6)
Unadjusted HR (95% Cl) discharged vs hospitalized 1.85 (1.56-2.18) 1.59 (1.37-1.85) 1.64 (1.38-1.96) 1.47 (0.98-2.19) 1.65 (1.02-2.68)
Adjusted HR (by MEESSI score) (95% Cl) with multiple imputation 1.86 (1.57-2.20) 1.62 (1.39-1.89) 1.65 (1.39-1.97) 1.46 (0.98-2.18) 1.67 (1.02-2.70)
Adjusted HR (by MEESSI score) (95% CI)" without multiple imputation 1.75 (1.40-2.19) 1.99 (1.61-2.45) 2.01 (1.59-2.56) 1.64 (0.92-2.91) 2.74 (1.36-5.53)
HR in patients with comparable MEESSI score (95% CI)* 2.13 (1.53-2.97) 1.51 (1.19-1.91) 1.51 (1.19-1.91) — -
30-day hospitalization
Unadjusted HR (95% Cl) discharged vs hospitalized 150 (15.0) 147 (18.0) 113 (16.4) 7 (15.3) 17 (26.6)
Events in discharged patients, No. (%) 163 (8.8) 473 (14.0) 304 (13.0) 2 (15.5) 77 (17.3)
Unadjusted HR (95% Cl) discharged vs hospitalized 1.90 (1.52-2.37) 1.35 (1.12-1.63) 1.40 (1.13-1.74) 1.09 (0.65-1.84) 1.75 (1.04-2.95)
Adjusted HR (by MEESSI score) (95% Cl) with multiple imputation 1.92 (1.54-2.40) 1.40 (1.16-1.68) 1.41 (1.13-1.75) 1.09 (0.65-1.83) 1.75 (1.03-2.97)
Adjusted HR (by MEESSI score) (95% CI)" without multiple imputation 1.90 (1.40-2.58) 1.89 (1.46-2.44) 1.89 (1.40-2.55) 1.42 (0.70-2.89) 3.27 (1.54-6.94)
HR in patients with comparable MEESSI score (95% CI)* 2.12 (1.40-3.22) 1.35 (1.01-1.81) 1.35 (1.01-1.81) — —
30-day endpoint (ED revisit, hospitalization, death)
Events in discharged patients, No. (%) 260 (26.0) 246 (28.4) 190 (27.5) 2 (28.8) 4 (37.5)
Events in discharged patients, No. (%) 317 (17.0) 748 (22.1) 467 (20.0) 145 (24.4) 136 (30.6)
Unadjusted HR (95% Cl) discharged vs hospitalized 1.68 (1.42-1.98) 1.41 (1.22-1.63) 1.53 (1.29-1.81) 1.29 (0.88-1.90) 1.36 (0.88-2.09)
Adjusted HR (by MEESSI score) (95% Cl) with multiple imputation 1.69 (1.43-1.99) 1.48 (1.28-1.71) 1.54 (1.30-1.83) 1.29 (0.88-1.89) 1.34 (0.87-2.07)
Adjusted HR (by MEESSI score) (95% Cl)" without multiple imputation 1.70 (1.37-2.12) 1.79 (1.47-2.19) 1.83 (1.45-2.29) 1.43 (0.82-2.47) 2.35(1.22-4.55)
HR in patients with comparable MEESSI score (95% CI)* 1.90 (1.38-2.61) 1.39 (1.10-1.75) 1.39 (1.10-1.75) — -

*The reference group is hospitalized patients; hence, the risk is for patients discharged directly from the ED.
TCalculations using only the 3,956 patients (1,694 low risk, 1,602 intermediate risk, 392 high risk, and 268 very high risk) with actual data for calculation of MEESSI scores (patients requiring multiple imputation for MEESSI

calculation were excluded).

*Calculations using a limited sample of 791 patients at low risk and 1,574 at intermediate risk for whom MEESSI scores were in the overlap zone (Figure E1, available online at http://www.annemergmed.com).

SIndicates data not available.
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at increased risk of the reappearance of signs and symptoms.
This period could be permanently extended in patients with a
severe chronic condition and advanced age. Several authors
have proposed that, during this vulnerable period, hospital
care instead of home-based care achieves better outcomes, and
this would be especially true for frail patients for whom the
early postdischarge phase constitutes a highly vulnerable
period.””** We have observed that such improvement in
outcomes accounted for a need for ED revisit or
hospitalization, but not for mortality, the most important
outcome. Additionally, because resources for inhospital care
will become increasingly limited, we believe that transitional
hospital-to-home programs may soon have a broader role,
especially among select higher-risk patients.”””"

The higher rate of postdischarge ED revisits and
hospitalizations for patients who were directly discharged
home from the ED may contribute to the increased adverse
outcomes previously reported in acute heart failure patients
discharged directly from EDs.”” Hospitalization also
prevented these same adverse outcomes in patients classified
as being at low risk. However, 30-day mortality of low-risk
patients was not reduced when they were managed with
hospitalization. There are several potential explanations: it
could be that hospitalization does not benefit low-risk
MEESSI-AHF patients, it could be a result of
hospitalization’s acting as a confounding factor that cannot
be completely eliminated by statistical adjustment (ie, the
hospitalized patients were sicker but treatment they received
in the hospital improved their outcomes to make them
similar to the discharged patients), or it could be due to alack
of statistical power because only 18 and 52 deaths occurred
in the discharged and hospitalized groups, respectively.

Disposition decisions may not be exclusively guided by the
patient risk of adverse events. The MEESSI-AHEF risk score
was conceived for use together with clinical judgment and not
as the only source of information to decide which patient is a
candidate for hospitalization. Some acute heart failure
patients with an increased risk of death may prefer to live their
last days at home. Given our study findings, if the only real
risk of going home were the higher probability of ED revisit
or future hospitalization, then patient wishes should prevail
in the decisionmaking process. This is especially relevant
because if every patient identified as being at increased risk by
the MEESSI-AHF scale were hospitalized, health care costs
would increase enormously. Moreover, because 30-day
revisits are monitored by the Centers for Medicare &
Medicaid Services, our finding that patient hospitalization is
associated with an improvement of this quality marker should
be taken into account in the US context.

Current subjective disposition decisions made by
emergency physicians for acute heart failure patients

correlate with the objective risk categories defined by the
MEESSI-AHF scale; however, almost half of patients
discharged from the ED were at increased risk. Patients in
all risk categories had an increased risk of a postdischarge
return event if they were discharged directly home from the
ED, whereas mortality did not differ by disposition in any
risk group. A cluster randomized trial is needed to confirm
the potential benefit of risk stratification of acute heart
failure patients in the ED.””
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APPENDIX

Other investigators of the ICA-SEMES (Research
Group on Acute Heart Failure of the Spanish Society of
Emergency Medicine): Marta Fuentes Gil (Hospital
Universitario de Salamanca); Eva Salvo (Hospital La Fe de
Valencia); Rosa Escoda, Sira Aguild, Carolina Xipell,
Carolina Sdnchez, Josep M. Gaytan (Hospital Clinic de
Barcelona); Antonio Noval (Hospital Insular de Las
Palmas de Gran Canaria); José M. Torres (Hospital Reina
Soffa de Cérdoba); Amparo Valero (Hospital Dr. Peset de
Valencia); Alfons Aguirre, Marfa Angels Pedragosa
(Hospital del Mar de Barcelona); Raquel Torres-Gérate
(Hospital Severo Ochoa de Leganés, Madrid); Maria Isabel
Alonso, Francisco Ruiz (Hospital de Valme de Sevilla);
José Miguel Franco (Hospital Miguel Servet de Zaragoza);
Susana Sdnchez (Hospital Rio Ortega de Valladolid); Aitor
Alquézar, Miguel Alberto Rizzi, Sergio Herrera (Hospital
San Pau de Barcelona); Irene Cabello, Alex Roset
(Hospital Universitari de Bellvitge, Barcelona); Héctor
Alonso (Hospital Marqués de Valdecilla de Santander);
Esther Rodriguez Adrada, Guillermo Llopis Garcia
(Hospital Clinico San Carlos, Madrid); José Marfa Alvarez

Pérez (Hospital Universitario de Burgos); Ana Belén
Mecina (Hospital Universitario Fundacién Alcorcédn,
Madrid); Joaquin Vdzquez Alvarez, Marta Sdnchez
Gonzdlez, Belén Prieto, Marfa Garcia Garcfa (Hospital
Universitario Central de Asturias); Victor Marquina,
Inmaculada Jiménez, Patricia Javaloyes, Néstor
Herndndez, Benjamin Brouzet, Ana Lépez (Hospital
General de Alicante); Juan Antonio Andueza (Hospital
General Universitario Gregorio Maraiién de Madrid);
Rodolfo Romero (Hospital Getafe de Madrid); Roberto
Calvache (Hospital de Henares de Madrid); Marfa Teresa
Lorca, Luis Calderén (Hospital del Tajo de Madrid);
Beatriz Amores Arriaga, Beatriz Sierra (Hospital Clinico
Lozano Blesa de Zaragoza); Pascual Pifiera, José Andrés
Sdnchez Nicolds (Hospital General Universitario Reina
Soffa de Murcia); Enrique Martin Mojarro (Hospital Sant
Pau i Santa Tecla de Tarragona); Lisette Traverfa Bécquer
(Hospital Universitario de Canarias de Tenerife); Lluis
Llauger Garcfa, Gerard Corominas La Salle (Hospital
Universitari de Vic de Barcelona); Carmen Agiiera Urbano
(Hospital Costa del Sol de Marbella, Mdlaga); Ester Soy
Ferrer (Hospital Josep Trueta de Girona).

The 2019 Council Resolutions, including any amendments to the ACEP Bylaws,
will be posted to the ACEP Web site at http://www.acep.org/council/ no later than
September 25, 2019.
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