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Abstract

Aims: This study aimed to systematically identify and summarise all risk scores evaluated in the emergency department

setting to stratify acute heart failure patients.

Methods and results: A systematic review of PubMed and Web of Science was conducted including all multicentre

studies reporting the use of risk predictive models in emergency department acute heart failure patients. Exclusion

criteria were: (a) non-original articles; (b) prognostic models without predictive purposes; and (c) risk models without

consecutive patient inclusion or exclusively tested in patients admitted to a hospital ward. We identified 28 studies

reporting findings on 19 scores: 13 were originally derived in the emergency department (eight exclusively using acute

heart failure patients), and six in emergency department and hospitalised patients. The outcome most frequently
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*Òscar Mir�o and Xavier Rossello have equally contributed to the man-

uscript and should both be considered as joint co-first authors and co-

corresponding authors.

Corresponding authors:
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predicted was 30-day mortality. The performance of the scores tended to be higher for outcomes occurring closer to

the index acute heart failure event. The eight scores developed using acute heart failure patients only in the emergency

department contained between 4–13 predictors (age, oxygen saturation and creatinine/urea included in six scores). Five

scores (Emergency Heart Failure Mortality Risk Grade, Emergency Heart Failure Mortality Risk Grade 30 Day mortality

ST depression, Epidemiology of Acute Heart Failure in Emergency department 3 Day, Acute Heart Failure Risk Score,

and Multiple Estimation of risk based on Emergency department Spanish Score In patients with Acute Heart Failure)

have been externally validated in the same country, and two (Emergency Heart Failure Mortality Risk Grade and Multiple

Estimation of risk based on Emergency department Spanish Score In patients with Acute Heart Failure) further inter-

nationally validated. The c-statistic for Emergency Heart Failure Mortality Risk Grade to predict seven-day mortality was

between 0.74–0.81 and for Multiple Estimation of risk based on Emergency department Spanish Score In patients with

Acute Heart Failure to predict 30-day mortality was 0.80–0.84.

Conclusions: There are several scales for risk stratification of emergency department acute heart failure patients.

Two of them are accurate, have been adequately validated and may be useful in clinical decision-making in the emergency

department i.e. about whether to admit or discharge.
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Introduction

Heart failure (HF) is a syndrome caused by many dif-
ferent cardiac problems. The natural history of HF is
characterised by progressive decline in heart function
and clinical status, episodes of acute decompensation
leading to hospital admission, and premature death.
Each episode of acute HF (AHF) increases the risk for
further morbidity and mortality with 5–10% mortality
during the 30 days following a decompensation.1–3

In addition, the risk of a subsequent emergency depart-
ment (ED) visit and rehospitalization is also high during
the vulnerable period following an index hospitalization,
since patients are not only recovering from their acute
illness, but also experiencing a transient period of gen-
eralised risk for a wide range of adverse health events
after hospital discharge.4 In AHF patients, the cause of
rehospitalization within 30 days is attributable to further
worsening of HF in only 16–37% of cases.5–8

Several attempts to improve survival by using new
drugs in AHF patients have failed over recent deca-
des.9–12 In this context, non-pharmacological strategies
may improve clinical outcomes, such as the improvement
in patient transition after hospital discharge,13,14 a multi-
disciplinary approach to frailty and dependence (present
in more than 50% of AHF patients)2,15–18 and more ade-
quate patient selection for hospitalization or discharge
from ED, either directly or after a short time (usually
<24 h) in an ED observation unit.19,20 In this regard,
between one-sixth and one-third of AHF patients diag-
nosed at ED presentation are discharged home without
hospitalization worldwide21 and these patients have
poorer outcomes when compared with patients managed

by admission to hospital.22–24 The lack of risk stratifica-

tion of AHF patients before ED decision-making has

been identified as one of the reasons explaining the dif-

ference in clinical outcomes between directly discharged

and hospitalised patients.25,26 Risk stratification is help-

ing to make safer decisions in other highly prevalent,

severe ED illnesses, and scores specifically developed

for that use are available for pneumonia (Pneumonia

Severity Index, CURB-65),27,28 acute coronary syn-

drome (GRACE, HEART)29,30 and sepsis (qSOFA

and SOFA)31,32 Several scores achieving reliable risk

stratification in patients with AHF have been reported

during the last decade, though risk assessment seems not

to be systematically performed as part of routine clinical

practice. In addition, there were no recommendations in

the last 2016 European Society of Cardiology (ESC)

guidelines about risk stratification in ED decision-

making.33 For this reason, we performed a systematic

review with the following goals: (a) identify and classify

risk prediction models based on their original derivation

setting; (b) summarise how risk scores have been used

through the identified publications; (c) compare the dis-

criminative power among risk scores; and (d) describe

the main characteristics of the scores specifically derived

in the ED setting.

Material and methods

Protocol and eligibility criteria

We performed a systematic review of multicentre studies

reporting the derivation and validation or use of risk
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prognostic scales predicting clinical outcomes in AHF

patients in the ED setting. Methods and reporting

follow the guidelines of Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA).34

The protocol was registered in PROSPERO

(CRD42020161897). To qualify for inclusion, multi-

centre studies had to include patients consecutively,

though intermittent pre-specified periods of consecutive

patient recruitment were also accepted. Exclusion crite-

ria were: (a) studies not providing primary data (i.e.

reviews); (b) studies including exclusively AHF hospital-

ised patients (i.e. studies not carried out in the ED,

including hospitalised and discharged patients); and (c)

prognostic models not aimed at predicting clinical out-

comes (i.e. studies just describing the association

between baseline factors and outcomes in terms of prog-

nosis). Please note, the terms ’risk scale’, ’risk score’ and

’predictive model’ are used interchangeably.

Data source and search strategy

Studies were identified by a search in PubMed and Web

of Science databases from their inception to 31

December 2019. Only articles published in English,

Spanish, German or French were included. A search

for studies reporting predictive models (risk scores)

concerning AHF patients attending the ED was con-

ducted by reviewing both databases (PubMed and Web

of Science) using the following text-word sequences:

(‘acute heart failure’ or ‘acute decompensated heart

failure’) and (‘emergency department’ or ‘emergency

room’) and (‘risk stratification’ or ‘score’ or ‘scale’ or

‘prognostication’ or ‘prognosis’ or ‘prediction’ or ‘pre-

dictive’). Reference lists of the eligible reports were

reviewed for any reports not captured initially.

Similarly, reference lists in all editorials and reviews

found through the search strategy described above

were also reviewed.

Data extraction and synthesis of results

Citations were screened on the basis of title and

abstract by two independent reviewers (OM and XR)

and potentially eligible reports were subsequently

retrieved, and the full text scrutinised for inclusion. A

third investigator (FJMS) was involved in case of

disagreement.
Findings in eligible studies are summarised in data

tables. Individual items of data for each risk scale are

presented, taking into account that such risk scales were

classified into three main groups based on their primary

origin: (a) scales originally derived in the ED setting

using only AHF patients; (b) scales originally derived

in the ED but using a broader patient population, not

restricted to AHF patients; and (c) scales originally

derived in ED admitted hospitalised AHF patients
(and not including AHF patients discharged home
from ED without hospitalization). Data extraction
included: predicted outcomes, model performance,
cohort characteristics and number of risk categories
defined by the authors (emphasised in scales specifically
derived in the ED and exclusively using AHF in the
derivation process). A meta-analysis was not performed
given the purpose of our research question, and the het-
erogeneity in study design, predicted outcomes, prog-
nostic predictors and underlying populations.

Results

Among the 761 screened citations, 28 studies published
over the last 10 years8,20,24,35–59 met the inclusion crite-
ria after full-text review (Figure 1). These 28 studies
included 19 different risk models that had been used
in AHF patients in the ED setting to predict clinical
outcomes (Table 1). These 28 studies involved a wide
range of sample sizes (between 507–68,380 subjects)
and recruited from four different countries: Spain (19
studies), Canada (seven studies), Switzerland (one
study) and the USA (one study). Table 2 provides
detailed information about the 28 studies selected.

Identification and classification of risk prediction
models based on their derivation setting

Among the 19 scales used in the ED setting, 13 were
derived in the ED, though only eight of them exclusive-
ly used AHF patients in their primary derivation
cohort. These eight risk predictive models were: (a) a
study published by Lee et al.24, (b) Emergency Heart
Failure Mortality Risk Grade (EHMRG), (c) EHMRG
30 Day mortality ST depression (EHMRG30-ST), (d)
Ottawa Heart Failure Risk Scale (OHFRS), (e)
Improving heart failure risk stratification in the emer-
gency department (STRATIFY), (f) Epidemiology of
Acute Heart Failure in Emergency department 3 Day
(EAHFE-3D), (g) Acute Heart Failure Risk Score
(AHFRS) and (h) Multiple Estimation of risk based
on Emergency department Spanish Score In patients
with Acute Heart Failure (MEESSI-AHF). The first
four risk models were derived from Canadian subjects,
whereas STRATIFY was derived from a US cohort,
and the last three risk scores were obtained in Spain.
The other five scales were derived in the ED and used a
broader patient cohort beyond AHF subjects. Of these,
four are primary or adapted triage scales (i.e. they are
triage systems used in EDs, typically by nurses, when
patients first check in and prior to any testing per-
formed or therapy given): (a) Canadian Triage
Acuity Scale (CTAS), (b) CTAS adding age and sex,
(c) Manchester Triage System (MTS), and (d)
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Triage Andorran Model - Triage Spanish System

(MAT-SET). The other risk score of this category,

Identification of Seniors at Risk (ISAR), was primarily

designed to identify of frailty in patients 65 years

or older.
The remaining six risk prediction models have been

derived in the hospital setting using AHF hospitalised

patients: (a) Enhanced Feedback for Effective Cardiac

Treatment in Heart Failure (EFFECT-HF), (b) BI-

EFFECT, produced by adding the Barthel Index to

the previous model, (c) FBI-EFFECT, produced by

adding Physical Frailty to the former model, (d) Go

With The Guidelines Heart Failure (GWTG-HF),60

(e) Brigham and Women’s Hospital (BWH)61 and (f)

Acute Decompensated Heart Failure National Registry

(ADHERE).62

How risk scores have been used in the
28 identified publications

The main findings of the 28 studies meeting the eligi-

bility criteria and using at least one of the 19 risk prog-

nostic models described above are detailed in Table 2.

The number of publications per scale varied substan-

tially: most of them had a single primary publication

(i.e. deviation study), whereas four scales were used in

two different studies (EHMRG30-ST, OHFRS, BI-

EFFECT, GWTG-HF) and four scales were used in

more than two studies: the EAHFE-3D (three publica-

tions), EFFECT-HF (five), EHMRG (six) and

MEESSI-AHF (12) (Table 1). The main goal of

the majority of studies was to report the risk scale der-

ivation and/or validation, either in their primary

Figure 1. Study flow chart following Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
recommendations.
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publication or in subsequent studies using validation
cohorts. Many of these studies provided data on
model performances, such as the c-statistic to evaluate
discrimination (summarised in Figure 2).

Aside from model derivation, validation or perfor-
mance, several studies defined specific risk categories
based on cut-offs obtained from their prognostic
models and provided the expected outcome rates for
every risk category (EFFECT-HF, BI-EFFECT, FBI-
EFFECT, ADHERE, OHFRS, STRATIFY, EAHFE-
3D, EHMRG, EHMRG30-ST, AHFRS, MEESSI-
AHF).20,35,39,54–59,62 In addition, nine studies used at
least one risk score to define the severity of AHF
decompensation, to produce subgroups of patients
based on their risk or to adjust in multivariate regres-
sions (to reduce the impact of confounding
factors).8,24,36,45–50 In one of them, the comparison
between discharged and hospitalised patients at similar
predicted risk (using the risk model developed by Lee
et al.)24 demonstrated a higher 90-day mortality for
patients discharged home from the ED. Higher percen-
tages of 30-day post-discharge ED visit and hospitali-
zation were also observed for ED discharged patients
in every MEESSI-AHF risk category, but not in 30-day
post-discharge mortality.20 Another study addressed
specifically the subset of patients classified as low risk
by the MEESSI-AHF scale that were discharged home
from the ED and found a lower discriminative ability
to predict 30-day mortality for the risk score in this
subgroup of patients (c-statistic of 0.69) than in the
primary publication for the MEESSI-AHF risk score
(c-statistic between 0.80 and 0.84).50 Additionally, the
scale was not useful to predict seven-day post-discharge
ED visit and 30-day hospitalization in this particular
subset of patients (c-statistic of 0.56 and 0.54,
respectively).50

The level of agreement between clinical judgment
and risk score assessment has been evaluated in several
publications. Using the OHFRS scale, a 40.8% of mis-
match was reported between risk categories assigned by
the emergency physicians vs the OHFRS scale.37 A
similar mismatch between the emergency physicians’
subjective decisions to hospitalise patients and objec-
tive patient risk stratification has been reported in two
additional studies: 47.6% and 54.4% of AHF patients
discharged home from the ED were classified as being
at intermediate/high/very-high risk by the MEESSI-
AHF and EHMRG scales, respectively, whereas
66.1% and 63.7% of patients classified as low/very-
low risk were hospitalised.20,44 The recent ACUTE
study has demonstrated that EHMRG risk scores
add value in terms of discrimination to an exclusive
emergency physician subjective assessment, improving
the discrimination from 0.71 achieved by the sole

physician estimation to 0.82 when to EHMRG score
was added on top.44 In this setting, the authors
reported that the net reclassification improvement
was 0.763 when the EHMRG was used continuously
(risk-category-free approach) and 0.820 when using the
categories provided by the EHMRG score. In fact, this
was the only study which showed improved net reclas-
sification, with the rest of the studies just reporting
calibration using the Hosmer-Lemershow statistic or
graphical approaches. In most of these assessments,
prediction was better in the low-risk than in the high-
risk patients. Importantly, none of the 28 studies
included in our systematic review reported findings
regarding a prospective use of risk scores nor evaluated
their impact on clinical outcomes.

Predicted outcomes and between-scores
comparisons for model performance in
terms of discrimination

The predicted outcome most frequently used was 30-
day mortality, which was used by 12 of 19 scales. A
variety of other outcomes have also been used, includ-
ing prediction of mortality in shorter periods, serious
adverse events (SAEs), need of hospitalization, and
post-discharge ED visit after the AHF index event
(Table 1). The discriminative power of risk scores in
unselected AHF populations tended to be higher
when the outcomes of interest occurred closer to the
time of the index AHF (c-statistic from 0.82 to 0.86 to
predict ED mortality, Figure 3). Eleven studies
reported comparisons among different risk scales
using the same sample of patients. In this sense,
CTASþageþsex had a significantly higher discrimina-
tive capacity than CTAS for all the assessed out-
comes;52 MTS and MAT-SET had comparable
performance in outcomes prediction;53 BI-EFFECT
was better than EFFECT-HF, and FBI-EFFECT
better than both, in predicting 30-day mortality;35,55

EHMRG was better than EFFECT-HF in predicting
seven-day mortality;54 AHFRS provided clearly better
estimations than BWH, ADHERE, GWTG-HS and
EAHFE-3D, and was similar to EHMRG in predicting
short-term SAE (although no p value for any of these
comparisons was provided);39 EHMRG30-ST had
comparable performance in predicting 30-day mortali-
ty to EHMRG in predicting seven-day mortality in two
studies;44,56 and MEESSI-AHF was better than
EHMRG in predicting 30-day mortality in two stud-
ies.38,41 However, it has to be taken into account
that many of these comparisons can be considered
‘unfair’, as they were performed in cohorts used for
derivation of one of the compared scales, used out-
comes different from those evaluated in original
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Figure 2. Summary of c-statistics (estimate for discrimination) for each scale used for risk stratification in patients with acute heart
failure (AHF) in the emergency department (ED), classified by the setting where scales were initially derived and what kind of patients
were used for the derivation.
The absence of some 95% confidence intervals for c-statistics mean that they were not originally reported by the authors. ADHERE:
Acute Decompensated Heart Failure National Registry; AHFRS: Acute Heart Failure Risk Score; BI-EFFECT: Bathel Index plus
EFFECT; BWH: Brigham and Women’s Hospital; CTAS: Canadian Triage Acuity System; EAHFE-3D: Epidemiology of Acute Heart
Failure in Emergency department – 3 day; EFFECT-HF: Enhanced Feedback For Effective Cardiac Treatment – Heart Failure; EHMRG:
Emergency Heart failure Mortality Risk Grade; EHMRG30-ST: Emergency Heart Failure Mortality Risk Grade 30 Day mortality – ST
depression; FBI-EFFECT: Frailty plus Barthel Index plus EFFECT; GWTG-HS: Go With The Guidelines Heart Failure; ISAR:
Identification of Seniors At Risk; MAT-SET: Triage Andorran Model – Triage Spanish System; MEESSI-AHF: Multiple Estimation of risk
based on Emergency department Spanish Score In patients with Acute Heart Failure; MTS: Manchester Triage System; OHFRS:
Ottawa Heart Failure Risk Scale; SAE: severe adverse event; STRATIFY: Improving heart failure risk stratification in the emergency
department.
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Figure 3. Summary of the discrimination capacity (expressed as c-statistics) of scales for risk stratification that have been tested in
patients with acute heart failure (AHF) in the emergency department (ED), grouped by the predicted outcome used for risk stratification.
The absence of some 95% confidence intervals for c-statistics mean that they were not originally reported by the authors. ADHERE:
Acute Decompensated Heart Failure National Registry; AHFRS: Acute Heart Failure Risk Score; BI-EFFECT: Bathel Index plus EFFECT;
BWH: Brigham and Women’s Hospital; CTAS: Canadian Triage Acuity System; EAHFE-3D: Epidemiology of Acute Heart Failure in
Emergency department – 3 day; EFFECT-HF: Enhanced Feedback For Effective Cardiac Treatment – Heart Failure; EHMRG: Emergency
(Continued.) Heart failure Mortality Risk Grade; EHMRG30-ST: Emergency Heart failure Mortality Risk Grade 30 Day mortality – ST
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derivation in some of the compared scales, or were run

in countries where one of the scales under comparison

was derived. Therefore, objective comparisons using

independent and new multinational populations are

still lacking.

Description of the main characteristics of the

scales specifically derived in the ED setting

The main methodological characteristics of the eight
scales specifically derived at ED presentation, and using

exclusively AHF patients for their derivation, are sum-

marised in Table 3 (acronymless, STRATIFY, AHFRS,

OHFRS, EHMRG30-ST, EAHFE-3D, EHMRG and

MEESSI-AHF). Each risk prognostic model contained

between 4–13 predictors, the most frequently used

being age, oxygen saturation and creatinine/urea (each

one in six scales), as well as blood pressure and troponin

(each one in five) (Figure 4). Remarkably, none of them
included left ventricular ejection fraction (estimated in

the ED or during the previous weeks/months) as a pre-

dictive variable. All but one scale (the acronymless one)

provided clinical risk categories specifically identifying

groups of patients as at low risk of adverse event. Only

four of these scales were externally validated in the orig-

inal studies (EHMRG, EAHFE-3D, AHFRS and

MEESSI-AHF), and only two have been validated in

countries other than where they were originally derived

(EHMRG in Spain and Switzerland; and MEESSI-AHF
in Switzerland). Both EHMRG and MEESSI-AHF

scales used the Framingham criteria for patient inclusion,

whereas exclusion criteria were wider in the former.

These two scales provided good to very good discrimina-

tive capacity (c-statistic between 0.74 and 0.81 for

EHMRG to predict seven-day mortality, and 0.80 and

0.84 for MEESSI-AHF to predict 30-day mortality) and

have suggested cut-off values for patient categorization

according to their underlying risk. In both scales, the
40% of patients placed in the lowest risk categories

reported a low estimated risk of adverse events: 0.3%

of seven-day mortality for the EHMRG, and 2.0% of

30-day mortality for the MEESSI-AHF.

Discussion

Identification and classification of risk prediction

models based on their derivation setting

This systematic review has identified 19 scales for risk

stratification that have been applied in ED patients

with AHF in 28 different studies. We have classified
these scales into three different groups, based on the
setting and population where they were originally
derived from. Eight of them were developed in the
ED exclusively using AHF patients24,37–39,54,56,58,59

and are thus the most suitable risk tools to predict out-
comes in ED AHF patients. Their characteristics are
discussed further below.

We also found five general scales, specifically derived
in the ED setting, to predict outcomes in general pop-
ulations of ED patients (but not exclusively AHF
patients).49,52,53 Their strongest point is their feasibility,
given that all ED patients can be triaged by the same
tool on ED arrival. However, this comes at a price of a
relative low performance in terms of discrimination,
unless the predicted outcome was based on a very
short time, i.e. ED or one-day mortality.52 One of
these scales, ISAR, was developed in older ED patients
to detect frailty, and demonstrated limited discrimina-
tive capacity in the ED when it was specifically investi-
gated in AHF patients (c-statistic of 0.70).49

The last group of risk scores includes six scales that,
although originally derived using only hospitalised AHF
patients, have been subsequently tested in the ED set-
ting. In fact, three of these scales correspond to the
EFFECT-HF scale and its two modifications
(BI-EFFECT and FBI-EFFECT). The c-statistic for
30-day prediction improved to 0.76 in respect to the
original scale (EFFECT-HF, that was between 0.64
and 0.69) by the addition of the Barthel Index and phys-
ical frailty (two cardiac-unrelated variables measuring
the baseline patient status) in the FBI-EFFECT. A sim-
ilar predictive capacity (0.73) was reported for BWH in
a single study that assessed SAEs, while the ADHERE
and GWTG-HF fell below these values with the same
population and outcome (0.69 and 0.70, respectively).
Certainly, there are many other scoring systems for
risk stratification that have been developed in either
ambulatory patients without decompensated heart fail-
ure or among hospitalised AHF patients,63–65 but we did
not find specific multicentre studies testing such scales in
an unselected cohort of AHF patients recruited in the
ED. One likely explanation is that these scales would not
meet the need of emergency physicians when assessing
AHF patients in the ED. First, all predictors have to be
readily available during the first hours of the ED patient
stay in order to be helpful in clinical decision-making.
For some scales, their predictors are not always easily
available in the ED setting, such as left ventricular ejec-
tion fraction, selected biomarkers (e.g. ST2) or exercise

depression; FBI-EFFECT: Frailty plus Barthel Index plus EFFECT; GWTG-HS: GoWith The Guidelines Heart Failure; ISAR: Identification
of Seniors At Risk; MAT-SET: Triage Andorran Model – Triage Spanish System; MEESSI-AHF: Multiple Estimation of risk based on
Emergency department Spanish Score In patients with Acute Heart Failure; MTS: Manchester Triage System; OHFRS: Ottawa Heart
Failure Risk Scale; SAE: severe adverse event; STRATIFY: Improving heart failure risk stratification in the emergency department.
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Figure 4. Variables included in the risk scales that have been derived in the emergency department (ED) using exclusively patients
with acute heart failure (AHF).
ACS: acute coronary syndrome; ACE: Angiotensin-converting enzyme; AHFRS: Acute Heart Failure Risk Score; BNP: brain natriuretic
peptide; DBP: diastolic blood pressure; EAHFE-3D: Epidemiology of Acute Heart Failure in Emergency department – 3 day; ECG:
electrocardiogram; EHMRG: Emergency Heart failure Mortality Risk Grade; EHMRG30-ST: Emergency Heart failure Mortality Risk
Grade 30 Day mortality – ST depression; EMS: Emergency medical services; EP: emergency physician; MEESSI-AHF: Multiple
Estimation of risk based on Emergency department Spanish Score In patients with Acute Heart Failure; NT-proBNP: N-terminal
prohormone of brain natriuretic peptide; NYHA: New Your Heart Association class; O2-sat: arterial oxygen saturation; OHFRS:
Ottawa Heart Failure Risk Scale; pCO2: partial pressure of carbon dioxide; SBP: systolic blood pressure; STRATIFY: Improving heart
failure risk stratification in the emergency department; TIA: transitory ischaemic attack.
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tolerance testing.63 Second, scales derived in AHF hos-
pitalised patients ignore around 16–36% of AHF
patients that are directly discharged home without hos-
pitalization.21 This fact introduces a potential selection
bias, as these patients are not discharged at random and
are probably less sick, where the scale application for
decision-making may have a greater impact.

How risk scores have been used in the
28 identified publications

On top of evaluating model performance, some risk scales
were used to stratify the severity of decompensation
(based on the score or the risk category assigned by the
score) or for co-variate adjustment in regressions evalu-
ating associations with outcomes. In a way, the number
obtained after applying a risk score integrates in a single
value or category the probability of the outcome, though
at a price of losing some precision in the estimation with
respect to adjusting for all predictors independently. In
connection with this clinical use, the use of these scales to
select or stratify patients included in trials before their
randomization, or to adjust after their intervention allo-
cation, may avoid the current excessive patient heteroge-
neity described in recent randomised clinical trials failing
to demonstrate clinical benefits.48,66,67

The correct risk stratification of patients should
improve clinical outcomes and resources allocation.
Risk scores are useful tools for planning disease man-
agement of patients for a given risk profile, and for the
selection of patients suitable for more advanced thera-
pies. However, very few risk prediction tools (none to
our knowledge) have undergone formal impact analysis
to determine whether they actually improve outcomes
when used in clinical ED practice.68 Demonstration of
clinical benefits of scales use by randomised clinical
trials is difficult given the high number of patients and
resources needed for this purpose. Nevertheless, it is
expected that the use of the estimates provided by risk
prediction models improves physician’s clinical
decision-making and consequently improves patients’
outcomes and the cost-effectiveness of care. Whereas
there are no impact studies of risk scores for AHF
patients attending the ED, there has been an attempt
to evaluate the additive value of using risk scores
(EHMRG and EHMRG30-ST) on top of clinical judg-
ment. Results have showed that a combination of clin-
ical judgment and scales significantly improved
predictions, suggesting they can be used to guide clinical
decisions.44 The Acute Congestive Heart Failure Urgent
Care Evaluation (ACUTE) study assessed the additive
value of EHMRG score on top of the emergency physi-
cian estimation of the risk of patient death during the
following 7 days, and showed that the addition of score
provided a net reclassification improvement of 0.763

(when EHMRG was used continuously) or 0.820
(when EHMRG was used categorised).44 Nonetheless,
there is a clear need for randomised clinical trials com-
paring the predictive performance of prognostic tools
for AHF to clinician judgment on key clinical outcomes
when routinely used in the ‘real world’ ED setting.

Predicted outcomes and between-scores
comparisons for model performance in
terms of discrimination

The most frequent predicted outcome was 30-day mor-
tality. Of note, the closer the predicted outcome was to
the AHF index episode, the higher discrimination the
scale achieved. However, although death is an unam-
biguous and hard clinical event, it is not the only out-
come of interest for emergency physicians.67,69 The
prediction of short-term ED revisits or rehospitaliza-
tions after patient discharge, especially for those sent
directly to home from ED without hospitalization, are
also of concern for emergency physicians. These latter
types of outcomes are more difficult to predict, as
shown by the findings observed in the few studies
addressing this issue: the MTS and MAT-SET scales
assessed them in an unselected sample of AHF patients
and failed in predicting them (c-statistics always below
0.60);53 and the MEESSI-AHF scale was also unsuc-
cessful in making a reliable prediction of these out-
comes in a selected sample of low-risk patients
discharged from ED to home (c-statistics below
0.60.50 The reasons explaining the difficulty in predict-
ing these outcomes include the subjectivity of the
patient decision to consult to the ED demanding for
urgent care, the heterogeneity in the clinical decision-
making of emergency physicians to hospitalise patients,
the percentage of hospitalization at the index event, the
availability of hospital beds, the existence of alterna-
tives to conventional hospitalization (such as short-stay
units or hospitalization at home), the degree of devel-
opment and connection of primary care and specialised
facilities, the type of insurance and reimbursement pol-
icies, as well as differences in the accessibility of the ED
and hospitalization in different geographic zones, cul-
tures and healthcare systems. In any case, capturing
revisits and rehospitalization in risk score predictions
is relevant for three main reasons: (a) they negatively
impact on patient survival; (b) they are relevant feed-
back for doctors discharging patients from ED or hos-
pital wards; and (c) in some healthcare systems (like in
the USA), economic penalties are applied in the form
of reimbursements for those patients needing rehospi-
talization within the first 30 days after discharge.

A middle ground between the assessment of mortal-
ity and ED revisit or rehospitalization is placed in the
assessment of a combination of SAEs, which some
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scales tried to predict. Although the events included in
SAEs varied among scales, a patient-centred approach
using some combination of severe clinical conditions
that include myocardial infarction, need for mechanical
ventilation, intensive care or emergent dialysis, death
and the need for re-admission after ED discharge seem
reasonable. Although not all these outcomes entail the
same relevance, and patient preferences have to be
taken into account in decision-making,70,71 a hierarchi-
cal approach ranking the events included in the com-
posite can partly sort this flaw out, as the STRATIFY
scale did.59 Scales using SAEs as an outcome for risk
stratification were BWH,39 GWTG-HS39 and
ADHERE39 (derived using exclusively AHF hospital-
ised patients) and STRATIFY,59 OHFRS37 and
AHFRS39 (using whole cohorts containing hospitalised
and non-hospitalised AHF patients). These parame-
ters, in terms of discrimination, have to be ranked
between the poor discrimination of revisits or rehospi-
talizations taken alone and the adequate discrimination
of mortality (c-statistics of 0.73, 0.70, 0.69, 0.68, 0.77
and 0.83 for the aforementioned scales,
respectively).37,39,59

Description of the main characteristics of the
scales specifically derived in the ED setting

The eight scales derived in AHF patients in the ED
setting24,37–39,54,56,58,59 are most likely the most suitable
and accurate tools to stratify risk because of their
nature (derived in ED AHF patients to predict out-
come in the same kind of patients and setting). These
eight risk scales are: the acronymless score derived by
Lee et al.,24 EHMRG,54 EHMRG30-ST,56

STRATIFY,59 EAHFE-3D,58 AHFRS,39 OHFRS37

and MEESSI-AHF.38 Among them, some have some
additive value by having the following features: devel-
oped the risk model with robust methodology in their
original derivation/validation processes, by using large
cohort of patients, with limited number of variables in
the algorithm, all of them available during the first 1–2
h of patient stay in the ED, having external validation
in new cohorts after the initial development, in some
cases carried out in different countries where they were
originally developed for a couple of scales, and of
obtaining very good discrimination, with c-statistics
over 0.80 in the majority of reports. All of these fea-
tures have been proposed to be met by a scale that is
intended to become clinical useful.72

A deep analysis of the currently available scales con-
cludes that none are an ideal risk prediction scale. The
EHMRG and MEESSI-AHF scales are most likely
those closer to be implemented in clinical practice,
given that they have several favourable features.
These two scales have been compared twice using the

same populations: although comparison always fav-
oured MEESSI-AHF, the outcome used for compari-
sons was 30-day mortality, the one used for the
MEESSI-AHF but not for EHMRG derivation. In
addition, one of these comparisons was performed in
the Spanish population, the same country where
MEESSI-AHF, but not EHMRG, was derived.
Clearly, every risk prediction scale tool is relevant to
its patient population, but it is essential that they also
perform well when used in other countries, with differ-
ent healthcare systems, before generalization can be
recommended. The consideration of the Barthel Index
by MEESSI-AHF probably makes this risk model
more appropriate for older AHF patients than others,
as dependence and frailty have been recently shown to
be main determinants in outcomes of AHF
patients.18,73,74

Finally, disposition decisions for AHF patients
involve more than simple risk prediction. These deci-
sions typically reflect the ability to optimise therapy in
the ED, consider the aetiology, precipitating factors
and other comorbid illnesses, the availability of
follow-up care and the patients’ self-care at home, as
well as their own patient preferences.70 The addition of
measures related to cognitive, functional, social and
nutritional domains may improve the discriminative
ability of many risk prediction tools more that previ-
ously had not included them in their algorithms. But
even with fine refinements making scales more powerful
tools for predicting the risk of adverse events, we
should not be abusive in their use, as they should not
be used in isolation from other considerations when
making disposition decisions for AHF patients in the
ED setting.

Limitations

Many scales were derived retrospectively, based on
chart review. They were derived in general populations
using clinical definitions of AHF for patient inclusion.
This clinical definition of AHF may have resulted in a
more heterogeneous population in comparison to the
use of a more refined definition of AHF which may
even have led to less precise scales. However, authors
participating in the studies frequently stated that they
preferred to include typical ED patients with a clinical
AHF diagnosis, where the scale is intended to be used.
Importantly, we have mainly focused on two dimen-
sions of model performance (discrimination and exter-
nal validation), but it has to be acknowledged that
other features are equally relevant,75,76 though more
difficult to evaluate in a systematic review (i.e. calibra-
tion). We cannot exclude a potential role of other scales
derived in other settings or not exclusively using
patients with AHF that have never been tested in
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AHF patients in the ED setting. Additionally, most of
these risk scales have been derived and used by a lim-
ited number of research groups using a limited number
of cohorts, hence some patients/cohorts have been used
in more than one study. On top of the aforementioned
limitations, it should be noted that most of the AHF
risk scores, including EHMRG and MEESSI-AHF,
have not been designed to predict ED revisits or reho-
spitalizations. In fact, there is evidence that these scores
generally fail in such predictions and there is a need to
refine them in order to overcome this limitation. The
inclusion of non-cardiologic predictors, such as frailty
and dependence, might improve the prediction of these
outcomes.77

Conclusions

This systematic review identified 19 scales for risk strat-
ification of AHF patients in the ED that may help to
better select patients for either hospitalising or dis-
charging them home. Although some of the risk tools
are suitable for their immediate use, we lack studies
evaluating the feasibility and effects on clinical out-
comes of the clinical use of risk stratification in AHF
patients in the ED setting. We found two AHF scales,
the EHMRG and the MEESSI-AHF, have high accu-
racy and have already been appropriately validated,
and seem therefore well-suited for routine clinical use
to help emergency physicians in AHF patient risk strat-
ification before discharge or hospitalization decision is
taken in the ED. Further research is needed regarding
the impact of risk stratification on decision making of
discharge or hospitalization of patients with heart fail-
ure who are being evaluated in the ED due to an acute
decompensation. In this regard, before generalising
their clinical use, risk scores should ideally prove
through a randomised clinical trial that patients who
are managed in the ED after risk stratification (ideally
for death, ED revisit and rehospitalization) have better
clinical outcomes than non-stratified patients. A multi-
disciplinary approach to this challenge is needed78–80

because any benefit proven by using AHF risk stratifi-
cation at ED would translate into both patient out-
come and health care efficiency improvements.81
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20. Mir�o Ò, Rossello X, Gil V, et al. Analysis of how emer-

gency physicians’ decisions to hospitalize or discharge

patients with acute heart failure match the clinical risk

categories of the MEESSI-AHF Scale. Ann Emerg Med

2019; 74: 204–215.
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