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Acute heart failure (AHF) is a major public health problem and hospitalizations for AHF are
associated with significant morbidity, mortality and cost. Since most patients with AHF are
admitted through the Emergency Department (ED) understanding their trajectory following the
initial assessment and care in the ED is important for providing safe clinical care and optimizing
resource utilization (including ED and inpatient beds).1 There are two main aspects that we
should examine if we are to realize better clinical care and use of our scarce resources. The first
area is to understand which AHF patients are at low risk and could potentially be safely
discharged from the ED. This could be either after an initial evaluation and appropriate tests in
the ED or following an observation period of 1-3 days in a dedicated Observation Unit. The
second is to understand which patients with AHF are at high risk for adverse inpatient events in
order to facilitate triage to the most appropriate inpatient setting.

Several prior studies have developed prognostic scores predicting adverse short-term ED or
inpatient events, 7 to 30-day post-discharge mortality or serious adverse events (e.g. a
composite of all-cause death, mechanical cardiac support, intubation, emergent dialysis, or
coronary intervention) following an ED visit for AHF. These existing models have recently been
summarized in a systematic review and meta-analysis.2 Models derived from prospectively
collected cohorts focusing on 30-day mortality include 11-13 variables and resulting c-statistics
range from 0.77-0.84 in the derivation cohorts, with similar results in subsequent validation
studies.2 These data suggest that subsets of patients with AHF at low risk for 30-day mortality
can be identified based on parameters commonly collected on ED patients with suspected AHF
such as vital signs, basic laboratory tests and ECG findings (Table 1). Current models predicting
30-day serious adverse events have lower prognostic accuracy but may still facilitate the
identification of very low risk individuals who could safely be managed as outpatients, perhaps
after an observation period in the ED. Literature on specific models predicting either inpatient
mortality or recurrent ED visits/HF hospitalizations after an initial ED visit are sparse and these
topics warrant further investigation.

Rossello et al. now further our knowledge in this area by examining registry data, from 41
Spanish EDs collected between 2014 and 2016, of adults presenting with AHF as defined by
Framingham criteria.[REFERENCE] Patients were excluded if they had a concurrent STsegment elevation myocardial infarction. They used the MEESSI-AHF risk score which has
been previously derived and validated for predicting 30-day all-cause mortality. Using the same
13 variables, the current study now evaluated additional outcomes, including in-hospital death,

7-day mortality, 30-day recurrent ED visits or hospitalizations for HF. Among 7,755 patients with
AHF, 7.4% died during the index hospitalization, 4.7% within 7 days and 10.1% within 30 days
based on the initial ED visit. Following hospital discharge, 30-day mortality was 4.9%, 24%
represented to the ED and 16% were readmitted for AHF. The model performed well for
predicting 7-day and 30-day mortality both from the ED visit and following hospital discharge.
However, the MEESSI-AHF risk score performed poorly predicting 30-day ED visits or
readmissions for AHF following hospital discharge (c-statistic 0.54 – 0.62).

How should we interpret the findings from this study? The current study supports the notion that
risk stratification models can help identify patients at low risk for 30-day mortality based on data
available at the time of presentation to the ED. These findings could be implemented in decision
support strategies either through online risk calculators or decision support tools integrated in
electronic medical records. Similar strategies have been successfully implemented for other
conditions such as patients presenting to the ED with chest pain, leading to a reduction in
hospitalizations for those patients who can safely undergo testing and observation in the ED
over time.3 For risk scores to be easily adopted, it is helpful when these scores build on
variables that are readily available to clinicians or can be quickly assessed. The MEESSI-AHF
risk score incorporates the Barthel index which assess activities of daily living based on 10
variables and has traditionally been applied in patients with neuromuscular or musculoskeletal
disorders or oncology patients.4 It is recommended to apply this tool based on direct patient
observation, which may be difficult to accomplish in a fast-paced ED setting. In addition, it is
important to note that among the current and prior ED-based AHF risk scores there is a wide
range with regards to which types of patients were excluded (some excluding no patients
through to studies excluding on the basis of many criteria) and which proportion of patients were
discharged from the ED either directly or after an observation period (ranging from 0% to 69%;
Table 1). Both of these factors should be considered when applying these risk scores in the
clinical setting.

Predicting, and perhaps more importantly, preventing readmissions for AHF and other serious
adverse events among these patients may prove more difficult. We may need to use separate
prediction models with different variables and data from the time at hospital discharge rather
than the initial ED visit to predict these more complex subsequent events or find ways to
integrate updated information into the models.5, 6 Finally, integration of other measures of HF

status, such as degree of congestion measured by lung ultrasound, may further prove useful in
risk stratification.7

Although patients with AHF represent a high-risk group of HF patients, there are opportunities to
optimize the care of and resources utilized by these patients depending on their risk profile.
Future research will need to focus on the implementation of risk assessment tools such as that
developed by Rossello et al. [REFERENCE] in the clinical setting. Beyond the correct
categorization of low risk patients with AHF, their initial treatment regimen in the ED and optimal
outpatient follow up will be essential for safe patient care. Similarly, identification of novel
strategies for AHF patients at particularly high risk based on characteristics identified in the ED
has the potential to improve outcomes in these particularly vulnerable individuals.

Conflict of interest
Dr. Platz’ employer has received support from Novartis for consulting work and she has
consulted for scPharmaceuticals outside of the submitted work. She has received research
support from NHLBI and NIDDK outside of the submitted work. Dr Jhund’s employer, the
University of Glasgow has received support from the DAPA-HF and DELIVER trials and
Novartis for the PARADIGM-HF and PARAGON-HF trials. He has received speakers, advisory
board or consulting fees from AstraZeneca, Novartis, Boehringer Ingelheim and grant funding
from Boehringer Ingelheim.

References
1.

Storrow AB, Jenkins CA, Self WH, Alexander PT, Barrett TW, Han JH, McNaughton CD,

Heavrin BS, Gheorghiade M and Collins SP. The burden of acute heart failure on U.S.
emergency departments. JACC Heart Fail. 2014;2:269-77.
2.

Miro O, Rossello X, Platz E, Masip J, Gualandro DM, Peacock WF, Price S, Cullen L,

DiSomma S, de Oliveira MT, Jr., McMurray JJ, Martin-Sanchez FJ, Maisel AS, Vrints C, Cowie
MR, Bueno H, Mebazaa A, Mueller C and Study Group on Acute Heart Failure of the Acute
Cardiovascular Care Association of the European Society of C. Risk stratification scores for
patients with acute heart failure in the Emergency Department: A systematic review. Eur Heart J
Acute Cardiovasc Care. 2020;9:375-398.
3.

Collet JP, Thiele H, Barbato E, Barthelemy O, Bauersachs J, Bhatt DL, Dendale P,

Dorobantu M, Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Juni P, Lambrinou E, Lewis
BS, Mehilli J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, Sibbing D, Siontis GCM and
Group ESCSD. 2020 ESC Guidelines for the management of acute coronary syndromes in
patients presenting without persistent ST-segment elevation. Eur Heart J. 2020.
4.

Loewen SC and Anderson BA. Predictors of stroke outcome using objective

measurement scales. Stroke. 1990;21:78-81.
5.

Cleland JG, Chiswell K, Teerlink JR, Stevens S, Fiuzat M, Givertz MM, Davison BA,

Mansoor GA, Ponikowski P, Voors AA, Cotter G, Metra M, Massie BM and O'Connor CM.
Predictors of postdischarge outcomes from information acquired shortly after admission for
acute heart failure: a report from the Placebo-Controlled Randomized Study of the Selective A1
Adenosine Receptor Antagonist Rolofylline for Patients Hospitalized With Acute
Decompensated Heart Failure and Volume Overload to Assess Treatment Effect on Congestion
and Renal Function (PROTECT) Study. Circ Heart Fail. 2014;7:76-87.
6.

Felker GM, Hasselblad V, Tang WH, Hernandez AF, Armstrong PW, Fonarow GC,

Voors AA, Metra M, McMurray JJ, Butler J, Heizer GM, Dickstein K, Massie BM, Atar D,
Troughton RW, Anker SD, Califf RM, Starling RC and O'Connor CM. Troponin I in acute
decompensated heart failure: insights from the ASCEND-HF study. Eur J Heart Fail.
2012;14:1257-64.
7.

Platz E, Campbell RT, Claggett B, Lewis EF, Groarke JD, Docherty KF, Lee MMY, Merz

AA, Silverman M, Swamy V, Lindner M, Rivero J, Solomon SD and McMurray JJV. Lung
Ultrasound in Acute Heart Failure: Prevalence of Pulmonary Congestion and Short- and LongTerm Outcomes. JACC Heart Fail. 2019;7:849-858.

8.

Greig D, Austin PC, Zhou L, Tu JV, Pang PS, Ross HJ and Lee DS. Ischemic

electrocardiographic abnormalities and prognosis in decompensated heart failure. Circ Heart
Fail. 2014;7:986-93.
9.

Stiell IG, Clement CM, Brison RJ, Rowe BH, Borgundvaag B, Aaron SD, Lang E, Calder

LA, Perry JJ, Forster AJ and Wells GA. A risk scoring system to identify emergency department
patients with heart failure at high risk for serious adverse events. Acad Emerg Med. 2013;20:1726.
10.

Collins SP, Jenkins CA, Harrell FE, Jr., Liu D, Miller KF, Lindsell CJ, Naftilan AJ,

McPherson JA, Maron DJ, Sawyer DB, Weintraub NL, Fermann GJ, Roll SK, Sperling M and
Storrow AB. Identification of Emergency Department Patients With Acute Heart Failure at Low
Risk for 30-Day Adverse Events: The STRATIFY Decision Tool. JACC Heart Fail. 2015;3:73747.

Table 1. Select prediction models in patients presenting with AHF to the Emergency Department

30-day mortality

Country (years)
Patients discharged from ED (%)
In-hospital mortality (%)
Overall 30-day mortality (%)
Overall 30-day serious adverse

30-day serious adverse events

EHMRG30-ST8

MESSI-AHF [REF]

OHFRS9

STRATIFY10

(n=8,772)

(n=7,755)

(n=559)

(n=1,033)

Canada (2004-2007)

Spain (2014-2016)

Canada (2007-2010)

USA (2007-2011)

26.8%

--

61.9%

7.7%

-

7.4%

4.2%

-

8.3%

10.1%

2.3%

4%

-

-

11.6% a

12% b

11

13

10

13

Age;

Age;

Stroke/TIA;

Age;

active cancer;

SpO2;

prior intubation for

BMI;

taking Metolazone;

systolic BP;

respiratory distress;

dialysis;

SpO2;

respiratory rate;

SpO2;

ACE inhibitor;

heart rate;

low output symptoms;

heart rate (rest);

respiratory rate,

systolic BP (triage);

ACS;

heart rate (walking);

on supplemental O2;

creatinine;

NYHA class IV;

BUN;

diastolic BP;

potassium;

creatinine;

serum CO2;

SaO2;

elevated Troponin;

elevated Troponin;

elevated troponin;

BUN;

ST depression on ECG;

NT-proBNP;

NT-proBNP;

Sodium;

arrival by ambulance

LVH on ECG;

ischemic changes on

Troponin;

Barthel index on ED arrival

ECG

BNP;

events (%)
Number of variables (n)
Types of variables

QRS duration

Main exclusion criteria

DNR on arrival,

Concurrent STEMI

SpO2 < 85%;

paced rhythm, complete

heart rate ≥120;

bundle branch block,

systolic BP <85 mmHg;

on dialysis

confusion / disorientation

--

/ dementia; concurrent
ACS / STEMI;
death expected within
weeks from chronic
illness; from nursing
home or chronic care
facility; on hemodialysis
C-statistic (derivation cohort)
Lowest risk category

0.80

0.84

0.77

0.68

0.74% 30-day mortality

2% 30-day mortality

2.8% 14-day serious

13% of patients with

adverse events

<5% risk of 30-day

(95% CI: 0.39, 1.27)

adverse events

Legend:
ACS: Acute coronary syndrome, BMI: Body mass index, BP: Blood pressure, DNR: Do not resuscitate, STEMI: ST-elevation
myocardial infarction, (NT-pro)BNP: (NT-pro)Brain-type natriuretic peptide, LVH: Left ventricular hypertrophy; SpO2: Oxygen
saturation; SaO2: Arterial oxygen saturation

a) Death from any cause within 30 days of the ED visit, or any of the following within 14 days of the index ED visit: 1) Admission to a
critical care or acute monitoring unit. 2) Endotracheal intubation or need for noninvasive ventilation after hospital admission, unless
on non-invasive ventilation at home. 3) Myocardial infarction. 4) Major procedure: coronary artery bypass graft, percutaneous
coronary intervention, other cardiac surgery, or new hemodialysis. 5) Relapse and hospital admission for patients who were
discharged on the initial ED visit.

b) Death, acute coronary syndrome, cardiopulmonary resuscitation, mechanical cardiac support, mechanical ventilation, emergent
dialysis, and emergency revascularization.

