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Abstract
Heart failure is a global public health challenge frequently presenting to the emergency department. After initial stabilization 
and management, one of the most important decisions is to determine which patients can be safely discharged and which 
require hospitalization. This is a complex decision that depends on numerous subjective factors, including both the severity 
of the patient’s underlying condition and an estimate of the acuity of the presentation. An emergency department observation 
period may help select the correct option. Ideally, during an observation period, risk stratification should be carried out 
using parameters specifically designed for use in the emergency department. Unfortunately, there is little objective literature 
to guide this disposition decision. An objective and reliable definition of low-risk characteristics to identify early discharge 
candidates is needed. Benchmarking outcomes in patients discharged from the emergency department without hospitalization 
could aid this process. Biomarker determinations, although undoubtedly useful in establishing diagnosis and predicting longer-
term prognosis, require prospective validation for emergency department disposition guidance. The challenge of identifying 
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emergency department acute heart failure discharge candidates will only be overcome by future multidisciplinary research 
defining the current knowledge gaps and identifying potential solutions.
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Introduction

Heart failure is a global public health challenge, with as 
many as 15 million Europeans and 5.7 million US citizens 
living with this diagnosis.1–3 It is characterized by frequent 
hospitalizations, estimated to exceed one million annual 
admissions in each of Europe and the USA, and accounts 
for the majority of the yearly costs of heart failure-related 
care.4,5 A recent Spanish study estimated costs of €10,771 
per patient during a two-year follow-up period,6 and total 
system costs in the USA are estimated to increase from 
US$31bn in 2012 to US$70bn in 2030.5 Ultimately, suc-
cessful strategies to safely avoid hospitalization could have 
a major impact, not only on the quality of life for heart fail-
ure patients, but also on societal costs.

The role of emergency 
departments in heart failure

Shortness of breath, one of the most frequent complaints in 
patients presenting with acute heart failure (AHF), has a 
wide differential diagnosis and is one of the most common 
of emergency department (ED) presentations. Since as 
many as 80% of AHF patients are hospitalized through the 
ED, emergency physicians play a central role in the deter-
mination of AHF treatment and disposition.

The classical combination of clinical history, physical 
examination, electrocardiogram, chest X-ray and labora-
tory analysis (including a natriuretic peptide) allow emer-
gency physicians to reliably diagnose the majority of AHF 
patients.7,8 Recently available tools to evaluate patients 
complaining of dyspnoea, such as computed tomography 
scanning, bedside echocardiography, and lung ultrasound, 
can add useful information. Early diagnosis is necessary to 
initiate treatment as soon as possible, since rapid therapeu-
tic intervention favourably impacts both patient outcome 
and hospital length of stay.9

Identification of the precipitant of decompensation is 
important as this may contribute in the disposition decision. 
For example, while dietary indiscretion may be easily treated 
by a temporary increase in diuretics and ED discharge, a con-
comitant acute coronary syndrome, pulmonary infection or 
arrhythmia will need hospital admission. In fact, it has been 
reported that in more than 50% of AHF episodes, at least one 
of these precipitants is present.10,11 All these conditions must 
be investigated and treated early during the ED evaluation, 
and in parallel with specific AHF treatment.

Once an AHF diagnosis is made and treatment started, 
several disposition options regarding the ultimate place-
ment of the patient should be considered. These include 
into the intensive care unit, a general hospital ward, or dis-
charge home, with or without a short period of supervision 
of treatment response in an ED-dependent observation unit. 
In this sense, disposition decision-making is unique to the 
ED and crucial. After initial stabilization and management, 
one of the most important ED considerations is to deter-
mine which patients need to be hospitalized for further 
treatment and/or studies and which can be safely discharged 
to the community. Unnecessary hospital admissions are 
linked to unacceptable costs increases, while inappropriate 
ED discharges put the patient at increased risk of adverse 
outcomes. In this scenario, and especially as no clear con-
sensus guiding such a decision-making exists, emergency 
physicians tend to act conservatively. This is because, after 
a discharge decision, there is no second opinion, no ability 
to evaluate treatment response and no capability to inter-
vene in a less than optimal social situation. In this setting, a 
wrong ‘discharge-home’ decision may actually harm the 
patient and discharges without due consideration are also a 
potential litigation risk. It is because of this environment 
that the overwhelming majority of heart failure patients 
presenting to the ED are hospitalized.

The variability of emergency 
departments and emergency 
medicine worldwide

Large ED infrastructure and acute cardiac care/emergency 
medicine practice variations exist. For example, because the 
response to AHF treatment is not immediate, an observation 
period after initial therapy is useful to help define the correct 
disposition. Unfortunately, this timeframe (usually 12–24 h) 
is simply not available in all EDs. Further, even when obser-
vation options are available, global standardization has been 
challenging as ED organization and staffing, cardiologist 
involvement, provider credentials, ED capabilities and 
patient care pathways are highly variable.12,13 Good prac-
tices should include well-defined local guidelines, treatment 
protocols, admission criteria and referral pathways. These 
factors may be missing in some EDs.14 Finally, cardiologists 
must play a central role in the provision of care to AHF 
patients. However, because cardiologist involvement in ED 
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disposition-decisions is also diverse, opportunities for 
improvement may exist in some institutions.

Observation units linked to the ED are used in some hos-
pitals and countries, but are highly variable according to 
their characteristics and the specialists in charge.15–17 For 
AHF, the observation unit may represent a good destination 
for the less sick patient to check clinical improvement, 
obtain cardiologist advice, receive proper education and 
instruction and have their post-discharge appointments 
arranged, thereby allowing direct discharge without hospi-
talization. Where available, pre-discharge assessment by 
the heart failure team and patient linkage with the heart fail-
ure clinic is desirable. In the absence of an observation 
option, admission of practically all patients with AHF will 
be the rule.

It is important to note that an observation unit strategy is 
consistent with the current trend in health care manage-
ment, developed during the last decade, of avoiding unnec-
essary hospital admissions by creating health care 
structures, resources and pathways to support ambulatory 
care for patients that otherwise would have been hospital-
ized. The main goals behind the transition to outpatient 
management are to reduce costs, prevent hospital-related 
complications and readmissions and provide health care in 
the patient’s usual environment.18–20

Direct ED discharge of AHF 
patients: realities and uncertainties

Considering global ED variability, and that AHF may man-
ifest from minor decompensation to life-threatening illness, 
it is easy to understand the worldwide variation in the pro-
portion of AHF patients considered for direct ED discharge. 
Direct ED discharge will seldom occur in EDs unable to 
provide a post-treatment observation period, nor will it be 
common in those EDs without immediate availability of 
bedside echocardiography, rapid natriuretic peptide meas-
urement or outpatient cardiology/heart failure clinic refer-
ral. Conversely, direct discharge may be considered in most 
AHF patients admitted to an observation unit. The presence 
of an observation strategy may explain some of the large 
differences in direct ED discharge of AHF found among 
countries, but what is the right proportion of patients who 
can be safely discharged home from the ED has not been 
established. While in the USA only 16% of patients are 
directly discharged from the ED,21 this figure rises to 24% 
in Spain22 and 36% in Canada.23

Not all practitioners agree with an ED discharge strat-
egy. The usual high level of ED activity and occupancy, 
with overcrowding during certain hours of the day or peri-
ods of the year, together with the lack of inpatient beds in 
many hospitals worldwide, may put ED physicians under 
excessive pressure to discharge patients who, in other cir-
cumstances, would be admitted.24,25 It has been shown that 
across countries and across US hospitals, longer median 

length of stay of patients admitted for heart failure was 
independently associated with lower risk of readmission.26 
Additionally, Lee et al. have shown that, in patients with 
comparable predicted risks of death, subsequent 90-day 
mortality rates were higher among discharged (11.9%) than 
admitted (9.5%) patients.27

Adverse events must be accounted for within the system 
in which they occur. In some cases, adverse events are not 
related to a wrong discharge decision and may be related to 
failure of proper post-discharge follow-up. Interestingly, 
when AHF patients directly discharged from ED were 
asked about their opinion on the ED disposition-decision, 
more than 90% agreed with going home.28 Additionally, 
there is no difference in the ED subjective quality scores 
given by the patients directly discharged from ED as com-
pared with those hospitalized, nor are these scores influ-
enced by post-discharge adverse events, which seems to 
indicate that AHF patients directly discharged from ED do 
not blame emergency physicians for their ED return  
visits.28 Nonetheless, ‘Is direct discharge safe?’ ‘How 
should we measure success or failure?’ and ‘What are 
acceptable rates for short-term ED re-visits, hospital admis-
sions, or even death, after direct ED discharge?’ are ques-
tions that still need to be addressed.29

It is quite reasonable to think that EDs discharging a 
very small proportion of AHF patients will achieve a lower 
rate of adverse events than those discharging a higher pro-
portion because the former are selecting the least sick, for 
whom better outcomes are foreseeable. Figure 1, compar-
ing the rates of ED discharge versus adverse events, seems 
to support such a direct relationship. However, no under-
standing of the intensity of care pathways is provided by 
these data. Additionally, it is difficult to attribute an adverse 
event to wrong ED discharge decision-making, with any 
certainty, because AHF is a syndrome with an inherently 
high morbidity and mortality. For example, patients with 
advanced heart failure may have a high basal risk of death 
and readmission, but even early discharge can be consid-
ered appropriate in some instances. This speaks to the need 
of randomized control groups in all discharge studies, so 
that the impact of early discharge can be evaluated. Even 
after inpatient hospitalization, the rates of re-hospitaliza-
tion or death during the following 30 days are markedly 
higher than for other conditions and are consistently 
reported to be near 30% and 10%, respectively.22,23,30–32 Of 
course, it is anticipated that hospitalized patients represent 
a cohort with greater severity of illness, but if a subset with 
one-third of patients with low-risk of adverse events can be 
identified, would not both patients and health care systems 
benefit from hospitalization avoidance?

While there are few studies comparing AHF outcomes 
based on disposition (discharge/hospitalization), or the prac-
titioner who is discharging them (hospitalists/ED physician), 
there are analyses documenting that standardizing observa-
tion care and the implementation of treatment protocols is 



4	 European Heart Journal: Acute Cardiovascular Care ﻿

associated with markedly lower rates of rehospitalization. In 
fact, in one ‘before and after’ outcome study of 154 patients 
following implementation of an AHF observation unit treat-
ment protocol, the overall 90-day heart failure revisit rate 
decreased by 43%, and the death rate, initially 4%, declined 
to 1%.33 These authors suggested that to obtain optimal out-
comes it may not be sufficient to simply provide an observa-
tion option for emergency physicians and that it may be 
necessary to provide proper infrastructure to maximize 
downstream benefits. Furthermore, because results com-
mented on above were obtained by the application of pub-
lished observation unit inclusion, exclusion and discharge 
criteria, implementation of such criteria may also be impor-
tant for the successful management of the early discharge 
candidate.34,35 Finally, it is important to emphasize that all 
these discharge plans have to be developed using a multidis-
ciplinary approach, in conjunction with cardiologists and 
heart failure clinics and teams, in order to provide the best 
assessment and options to the patient.

The challenge to define low-risk 
patients

Despite efforts to identify a risk stratification strategy that 
selects patients at low risk, an important question remains: 
how do we define low risk? This has to be answered from the 
perspective of an ED physician and must describe what is the 
appropriate threshold defining a particular patient as low risk. 
In an attempt to cover this gap, a recent expert consensus 
document proposes standards for adverse outcomes in AHF 
patients directly discharged from the ED.36 These authors 
propose that in EDs with observation units, the discharge  
rate should be above 40%, and the  30-day ED/hospital 

readmission, and mortality rates should be below 20% and 
2%, respectively. For institutions without observation units 
available, these rates were recommended to be above 20%, 
and below 15% and 1%, respectively. The lower rates pro-
posed for the EDs without observation capabilities are justi-
fied by the fact that they are discharging fewer patients and 
thus selecting only those at lowest risk. These figures are arbi-
trary, with a level of evidence of C, yet they are aimed to 
challenge EDs to improve outcomes and system resource use. 
Local audit and benchmarking is essential, with stakeholder 
involvement in identifying problems, designing solutions and 
re-auditing the impact of any changes.

Finally, ED discharge does not have to lead to an increase 
in patient risk. However, when ED discharge is performed, 
ED physicians must assure that even though the patient is at 
low risk, a minimum number of clinical precautions should 
be enacted before discharging, including factors that 
encourage successful patient self-management.37 These 
include the presence of partner or care-giver, an appropriate 
supply of medication, arrangement of follow-up visits 
(either at home by nurse or primary care physician, or at a 
clinic, primary care or hospital) and specific advice given 
about when to seek further help or return to the ED. Patients’ 
follow-up by either heart failure clinic, general cardiologist 
or internist should be mandatory. In addition to risk stratifi-
cation to identify low-risk patients, barriers to successful 
outpatient management should be evaluated. In institutions 
capable of providing prolonged observation, this may be 
the ideal environment to identify challenges and initiate 
strategies to overcome their impact. However, when self-
care barriers are perceived which are not possible to over-
come during an ED stay, hospitalization is required, even in 
those otherwise rated as low risk. Finally, for patients expe-
riencing their first episode of heart failure, hospital admis-
sion for further investigations is mandatory.

Risk stratification of AHF patients

In our current scenario, it is crucial to perform ED AHF risk 
stratification. The aim of such stratification is to allow a 
rational and objective decision regarding a patient’s final 
disposition. In general, criteria for identifying patients who 
are at increased risk of adverse events and who may benefit 
from hospitalization are better delineated than those varia-
bles characterizing patients safe for ED discharge.38 In fact, 
the objective identification of low-risk AHF patients 
remains a challenge.

One attractive strategy to identify early discharge can-
didates is to include only those patients without any of the 
significant risk factors described as influencing outcome 
(Table 1).39 Unfortunately, the absence of high risk does 
not equate to the presence of low risk, and a specific tool 
identifying low-risk AHF patients could help improve ED 
decision-making. Some authors have proposed risk strati-
fication scales to separate highest and lowest risk patients, 

Figure 1.  Relationship between percentages of patients 
directly discharged from 25 Spanish emergency departments 
participating at the EAHFE Registry22 and outcomes.
AHF: acute heart failure; ED: emergency department



Miró et al.	 5

so that the former can be hospitalized and the latter con-
sidered as discharge candidates. While at least 10 differ-
ent scales have been published,40–49 the majority were 
derived from hospitalized AHF populations, from retro-
spective review of administrative data, or include data not 
available in most EDs. Accordingly, these scales have 
been designed to predict outcomes in AHF patients dis-
charged from hospital wards, rather than directly from 
EDs. Despite being promising tools for outcome improve-
ment, they ignore the 16–36% of AHF patients already 
cared for in EDs that are entirely managed and directly 
discharged without hospital admission.

Currently, only two risk stratification scales have been 
created from ED cohorts, both derived in Canada. Stiell 
et  al.40 developed the Ottawa Heart Failure Risk Scale 
from clinical data recorded in 559 patients diagnosed at six 
EDs. In the final model, the scale is based on 10 clinical 
variables that rendered a moderate discriminative capacity 
in the derivation study (C-statistic of 0.77) and which 

remained practically unchanged by excluding results of 
natriuretic peptides (C-statistic: 0.75). On the other hand, 
Lee et  al.41 developed the Emergency Heart Failure 
Mortality Risk Grade (EHMRG) derived from 7433 AHF 
cases (and validated in 5158) in 86 Canadian EDs. It esti-
mates seven-day mortality risk in non-palliative patients 
and is easily applicable as it is based on 10 ED relevant 
variables (and, optionally, the natriuretic peptide level) 
(Table 2). The EHMRG scale rendered a 0.807 and 0.804 
C-statistic for the derivation and validation cohorts, 
respectively. Validation in European cohorts is ongoing. 
The EHMRG is able to prospectively predict risk. In the 
lowest four deciles, seven-day mortality was 0.3%, as 
compared with 3.5% and 8.2% in deciles 9 and 10, respec-
tively. Since an EHMRG calculator is available online 
(https://ehmrg.ices.on.ca/#/), risk stratification is now 
quickly available. Additionally, as natriuretic peptides are 
not required in the EHMRG scale, it may be applied even 
in those EDs with laboratory limitations. However, as 

Table 1.  Some criteria that could be used, in conjunction with clinical judgment, to consider a patient with acute heart failure for 
discharge home directly from the emergency department.35

– Substantial subjective clinical improvement
– Respiratory rate <25/min
– Basal oxygen saturation > 90% (no home oxygen)
– Systolic blood pressure > 90 mmHg
– Resting heart rate < 100 beats/min
– Adequate diuresis (defined as >50 ml/h or >0.75 ml/kg per h; ideally, >1500 ml should be recorded during the first 24 h if patient 
remains in an observation unit)
– Controlled arrhythmia (atrial fibrillation with acceptable ventricular response)
– No chest pain
– Normal renal function (or moderate worsening of renal function, chronic renal disease might be present) and electrolytes
– If patients observed during 12–24 h, no increase in cardiac troponin
– Possibility of proper ambulatory follow-up

Table 2. Variables included in the Emergency Heart Failure Mortality Risk Grade Model formulated by Lee et al.41 Score calculation 
for a particular patient can be done through a web calculator (https://ehmrg.ices.on.ca/#/) which allocates patient in low (deciles 1 
to 4), medium (deciles 5 to 7) or high (deciles 8 to 10) risk category.

Variablea Unit of measurement

Age Continuous in years
Transported by EMS Categorical
Systolic blood pressure Continuous in mmHg (max = 160 mmHg)
Heart rate Continuous in beats/min (min = 80, max = 120 beats/min)
Oxygen saturation Continuous as % (max = 92%)
Creatinine Continuous as mg/dl
Potassium Categorical:
  4.0 to 4.5 mmol/l
  ⩾ 4.6 mmol/l
  ⩽ 3.9 mmol/l
Troponin Categorical
Active cancer Categorical
Metolazone at home Categorical

https://ehmrg.ices.on.ca/#/
https://ehmrg.ices.on.ca/#/


6	 European Heart Journal: Acute Cardiovascular Care ﻿

natriuretic peptides do have prognostic power,50,51 it will 
be important to determine their utility with such a tool in 
the future. It is important to note that the EHMRG scale is 
an informational tool designed to assist clinicians in the 
ED setting, and its use is not intended to replace clinical 
decision-making by a qualified medical professional. 
Future prospective studies evaluating its usefulness in a 
broader range of clinical settings are recommended.

Recent studies have demonstrated that measurement 
of global functional status (including comorbidities), 
aside from New York Heart Association class, contribute 
to better delineation of the risk of adverse outcomes, 
especially in the elderly.43,51 AHF in patients with 
advanced age may represent an important clinical entity 

potentially driven by different mechanisms (e.g. greater 
rates of comorbidities and frailty) from in the young.51 
Assessing these parameters at hospital admission, ideally 
in the ED, may improve management. In this regard, it 
has been suggested that the addition of Barthel Index 
measurements to the EFFECT scale (to create the 
BI-EFFECT scale) significantly improves prediction of 
30-day mortality.43 Thus, appreciation of global func-
tional status may be considered in future refinements of 
risk scales for AHF patient evaluation.

In the meantime, until a final validated risk stratification 
tool is available for emergency physicians, disposition 
decision-making will be guided by personal expertise and 
consensus documents. In this sense, the recent consensus 

Figure 2.  General algorithm for disposition decision-making at emergency department for patients with acute heart failure.
*Risk stratification is highly recommended, and scales derived from patients attended at the emergency department (ED) (like Emergency Heart 
Failure Mortality Risk Grade or Ottawa Heart Failure Risk Scale) are preferred at this stage.40,41

**Intensive care unit (ICU) admission should be considered for patients classified as high risk by risk algorithms, and those with respiratory rate 
>25 beats/min, peripheral capillary oxygen saturation <90%, use of accessory muscles for breathing, systolic blood pressure<90 mmHg, need of 
intubation or non-mechanical ventilation (or being already ventilated), need of invasive or continuous monitoring, need of intravenous vasodilators 
or inotropic support, signs of hypoperfusion: oliguria, cold peripheries, altered mental status, lactate >2 mmol/l, metabolic acidosis, mixed venous 
oxygen saturation <65% (partially based on the consensus document of Mebazaa et al.52).
***Direct ED discharge should be considered for patients with self-reported subjective improvement, resting heart rate <100 beats/min, no hy-
potension when standing, adequate urine output, oxygen saturation >95% in room air, no or moderate worsening of renal function (chronic renal 
disease might be present) (partially based on the consensus document of Mebazaa et al.52).
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attained among the Heart Failure Association of the 
European Society of Cardiology, the European Society of 
Emergency Medicine, and the Society of Academic 
Emergency Medicine about pre-hospital and early hospital 
management of AHF can assist in this setting.52 Based on 
this paper, we propose a general algorithm to be applied 
during the ED assessment of patients presenting with AHF 
(Figure 2).

Role of biomarkers in risk 
stratification

The measurement of natriuretic peptides is extremely help-
ful in the ED diagnosis of AHF and can contribute to better 
patient management.50,51 ED use of natriuretic peptides sig-
nificantly improves diagnostic accuracy,53,54 which has 
therapeutic and operational implications.55 It is less clear 
whether natriuretic peptide concentrations should also 
guide disposition decisions in the ED. In contrast to their 
determination at 48h, at hospital discharge, or in the stable 
outpatient setting, natriuretic peptide levels at ED presenta-
tion have low prognostic accuracy.56

Other biomarkers, like mid-regional pro-adrenomedullin, 
copeptin or procalcitonin, may also provide advice in diag-
nosis of undifferentiated ED patients with acute dyspnoea 
and might therefore be helpful to improve resource utiliza-
tion and patient care.57–59 However, their utility in ED deci-
sion-making is not as well described as for the natriuretic 
peptides.

Role of ultrasonography

Echocardiography should be obtained at least once in every 
patient diagnosed with heart failure. This is because it helps 
establish the primary cause of the heart failure (especially 
for patients with the first episode), provides immediate 
information on chamber volumes, systolic and diastolic 
function, wall thickness and valve function, rules out poten-
tial complications and serves as a guide for therapeutic 
pathway determination.7 On the other hand, immediate 
complete echocardiography is not usually needed during 
the initial evaluation of most AHF diagnosed at ED, unless 
haemodynamic instability is present.52

One of the most important revolutions in EDs during 
the last decade has been the use of ultrasonography by 
emergency physicians. The integration of chest ultrasound 
into the emergency physician’s armamentarium has con-
siderably changed the clinical diagnosis of pulmonary 
oedema. This is because the finding of echocardiographic 
B-lines is easily and reliably detected with just a few hours’ 
training, and enhances the diagnostic performance of the 
classical workup (based on chest X-ray) for AHF.60 A 
recent report has shown that, after a 30-min chest ultra-
sonography course, emergency medicine residents can 
identify sonographic B-lines with accuracy similarly to an 

expert sonographer, which then allows a proper diagnosis 
of pulmonary oedema.61 The role of ED ultrasound for risk 
stratification in suspected AHF needs to be assessed in the 
near future.

Conclusions and future directions

We must provide the best patient care while balancing 
proper treatment and resource use. For those EDs having 
observation units, these settings seem an appropriate place 
to evaluate treatment response, as well as to arrange and 
ensure proper short term follow-up. With regard to the lat-
ter, disposition decision-making is fundamental. While not 
all patients with AHF require hospitalization, wrong dis-
charge decisions may be associated with unacceptable risks 
of adverse outcomes. Participation of cardiologists, as well 
as heart failure teams where they exist, is highly recom-
mended at this stage.

In selected candidates, when appropriate, direct ED dis-
charge can be done with safety. Selection of appropriate 
candidates requires accurate risk stratification and becomes 
a key tool that can lead the decision-making process. 
However, risk stratification is not currently performed in 
most EDs, essentially because of the lack of proper and 
validated tools, and the absence of a clear definition of 
what a low risk means for AHF patients in terms of mortal-
ity, rehospitalization and ED re-consultation. All these 
issues have to be properly addressed by multidisciplinary 
research, involving cardiologists, internists, geriatricians 
and ED physicians, during the next coming years.13,62,63 In 
the meanwhile, we propose a consensus algorithm based on 
previous papers and on our own experience in order to be 
applied at EDs and to give some advice to emergency phy-
sicians treating AHF patients.

Conflict of interest

OM received advisory/consulting fees from Novartis and The 
Medicine Company; research funding from Bayer Health Care, 
Thermofisher, Novartis, Orion-Pharma. FWP reports research 
grants: Abbott, Alere, Cardiorentis, Roche, The Medicine’s 
Company. Consultancies: Alere, Cardiorentis, ZS Pharma; and 
ownership interests: Emergencies in Medicine, LLC, 
Comprehensive Research Associates, LLC. HB received research 
grants from AstraZeneca and advisory/speaker fees from Abbott, 
AstraZeneca, Bayer, BMS, Daiichi Sankyo, Eli Lilly, Menarini, 
Novartis, Pfizer, Sanofi and Servier. MC reports a research grant 
from Roche Diagnostics as well as speaker/consulting honoraria 
from Roche Diagnostics, Novartis, MSD, Alere, MSD, Boehringer 
Ingelheim, Pfizer, and Philips. LC has received research grants 
from the Queensland Emergency Research Foundation, Abbott, 
ALERE, Radiometer Pacific, Roche, Siemens, and the Royal 
Brisbane and Women’s Foundation, as well as speaker/consulting 
honoraria or travel support from Abbott, ALERE, Astra Zeneca, 
Boehringer Ingelheim, Novartis, Radiometer Pacific, Roche, and 
Siemens. SDS is consultant for Novartis, Cardiorentis, Alere and 
Thermofisher. FJMS OM received advisory/consulting fees from 
Novartis. EP has received research grants from the National 



8	 European Heart Journal: Acute Cardiovascular Care ﻿

Institutes of Health/National Heart, Lung and Blood Institute and 
the American Heart Association, as well as consulting honoraria 
from Sanofi and Parexel. JM reports speaker, consulting or travel 
support recently from Novartis, Cardiorentis, Astra-Zeneca and 
Menarini, and previously from Orion, Abbott, and Sanofi. CM has 
received research grants from the Swiss National Science 
Foundation and the Swiss Heart Foundation, the European Union, 
the Cardiovascular Research Foundation Basel, 8sense, Abbott, 
ALERE, Biomerieux, Brahms, Critical Diagnostics, Roche, 
Siemens, Singulex, and the University Hospital Basel, as well as 
speaker/consulting honoraria or travel support from Abbott, 
ALERE, Astra Zeneca, Bayer, Biomerieux, BMS, Brahms, 
Cardiorentis, Daiichi Sankyo, Eli-Lilly, Novartis, Roche, Siemens, 
and Singulex. The rest of the authors do not have any conflict of 
interests to declare.

Funding

This work was supported by the Instituto de Salud Carlos III 
supported with funds from the Spanish Ministry of Health and 
FEDER (grants numbers PI15/01019, PI15/00773 and 
PI11/01021), La Marató de TV3 (2005), and the National 
Institutes of Health/National Heart, Lung and Blood Institute 
(grant number 1-K23-HL123533-01A1). Emergencies: 
Processes and pathologies research group of the IDIBAPS 
receives financial support from the Catalonia Govern for 
Consolidated Groups of Investigation (grant numbers GRC 
2009/1385 and 2014/0313).

References

	 1.	 Adams KF Jr, Fonarow GC, Emerman CL, et  al. 
Characteristics and outcomes of patients hospitalized for 
heart failure in the United States: Rationale, design, and 
preliminary observations from the first 100,000 cases in 
the Acute Decompensated Heart Failure National Registry 
(ADHERE). Am Heart J 2005; 149: 209–216.

	 2.	 Cleland JG, Swedberg K, Follath F, et  al. The EuroHeart 
Failure survey programme – a survey on the quality of care 
among patients with heart failure in Europe. Part 1: patient 
characteristics and diagnosis. Eur Heart J 2003; 24: 442–463.

	 3.	 Nieminen MS, Brutsaert D, Dickstein K, et  al. EuroHeart 
Failure Survey II (EHFS II): A survey on hospitalized acute 
heart failure patients: Description of population. Eur Heart J 
2006; 27: 2725–2736.

	 4.	 Go AS, Mozaffarian D, Roger VL, et al. Heart disease and 
stroke statistics – 2014 update: A report from the American 
Heart Association. Circulation 2014; 129: e28–e292.

	 5.	 Heidenreich PA, Albert NM, Allen LA, et al. Forecasting the 
impact of heart failure in the United States: A policy state-
ment from the American Heart Association. Circ Heart Fail 
2013; 6: 606–619.

	 6.	 Sicras Mainar A, Navarro Artieda R and Ibáñez Nolla J. 
Economic impact of heart failure according to the effects of 
kidney failure. Rev Esp Cardiol 2015; 68: 39–46.

	 7.	 The Task Force for the Diagnosis and Treatment of Acute 
and Chronic Heart Failure 2012 of the European Society of 
Cardiology. ESC Guidelines for the diagnosis and treatment 
of acute and chronic heart failure 2012. Eur Heart J 2012; 
33: 1787–1847.

	 8.	 Llorens P, Manito Lorite N, Manzano Espinosa L, et  al. 
Consensus on improving the care integrated of patients with 
acute heart failure. Emergencias 2015; 27: 245–266.

	 9.	 Peacock WF, Mueller C, Disomma S, et  al. Emergency 
department perspectives on B-type natriuretic peptide utility. 
Congest Heart Fail 2008; 14(Suppl. 1): 17–20.

	10.	 Taylor DM, Fui MN, Chung AR, et  al. A comparison of 
precipitants and mortality when acute decompensated heart 
failure occurs in the community and hospital settings. Heart 
Lung Circ 2012; 21: 439–443.

	11.	 Miró O, Aguirre A, Herrero P, J, et  al. PAPRICA-2 study: 
Role of precipitating factor of an acute heart failure episode 
on intermediate term prognosis. Med Clin (Barc) 2015; 145: 
385–389.

	12.	 García-Castrillo Riesgo L and Vázquez Lima MJ. 
Specialization in emergency medicine in Europe: Spain 
is in danger of being left behind. Emergencias 2015; 27: 
216–218.

	13.	 Pines JM, Hilton JA, Weber EJ, et al. International perspec-
tives on emergency department crowding. Acad Emerg Med 
2011; 18: 1358–1370.

	14.	 Mueller C, Christ M, Cowie M, et al. European Society of 
Cardiology-Acute Cardiovascular Care Association position 
paper on acute heart failure: A call for interdisciplinary care. 
Eur Heart J Acute Cardiovasc Care. Epub ahead of print 29 
June 2015. pii: 2048872615593279.

	15.	 Miró O, Llorens P, Martín-Sánchez FJ, et  al. Predicting 
the risk of reattendance for acute heart failure patients dis-
charged from Spanish Emergency Department observation 
units. Eur J Emerg Med 2010; 17: 197–202.

	16.	 Llopis Roca F, Juan Pastor A, Ferré Losa C, et al. Register 
of short-stay units in Spain, the REGICE Project, study 1: 
Location, organizational features, and staffing. Emergencias 
2014; 26: 57–60.

	17.	 Peacock WF. Using the emergency department clinical deci-
sion unit for acute decompensated heart failure. Cardiol Clin 
2005; 23: 569–588.

	18.	 Kuo YF, Raji MA and Goodwin JS. Association between 
proportion of provider clinical effort in nursing homes and 
potentially avoidable hospitalizations and medical costs 
of nursing home residents. J Am Geriatr Soc 2013; 61: 
1750–1757.

	19.	 Torres Pérez LF, Morales Asencio JM, Jiménez Garrido M, 
et al. Impact of self-management of therapy on use of emer-
gency health care services by patients with chronic diseases: 
A cohort study. Emergencias 2013; 25: 353–360.

	20.	 Burgdorf F and Sundmacher L. Potentially avoidable hospi-
tal admissions in Germany: An analysis of factors influenc-
ing rates of ambulatory care sensitive hospitalizations. Dtsch 
Arztebl Int 2014; 111: 215–223.

	21.	 Storrow AB, Jenkins CA, Self WH, et al, The burden of acute 
heart failure on U.S. emergency departments. JACC Heart 
Fail 2014; 2: 269–277.

	22.	 Llorens P, Escoda R, Miró O, et al. Characteristics and clini-
cal course of patients with acute heart failure and the thera-
peutic measures applied in Spanish emergency departments: 
Based on the EAHFE registry (Epidemiology of Acute Heart 
Failure in Emergency Departments). Emergencias 2015; 27: 
11–22.



Miró et al.	 9

	23.	 Brar S, McAlister FA, Youngson E, et al. Do outcomes for 
patients with heart failure vary by emergency department 
volume? Circ Heart Fail 2013; 6: 1147–1154.

	24.	 Blom MC, Jonsson F, Landin-Olsson M, et al. The probabil-
ity of patients being admitted from the emergency depart-
ment is negatively correlated to in-hospital bed occupancy 
– a registry study. Int J Emerg Med 2014; 7: 8.

	25.	 Miró O, Escalada X, Boqué C, et  al. SUHCAT study, 
part 2: A map of the functional characteristics of hospital 
emergency services in Catalonia. Emergencias 2014; 26: 
35–46.

	26.	 Eapen ZJ, Reed SD, Li Y, et  al. Do countries or hospitals 
with longer hospital stays for acute heart failure have lower 
readmission rates?: Findings from ASCEND-HF. Circ Heart 
Fail 2013; 6: 727–732.

	27.	 Lee DS, Schull MJ, Alter DA, et al. Early deaths in patients 
with heart failure discharged from the emergency depart-
ment. A population-based analysis. Circ Heart Fail 2010; 3: 
228–235.

	28.	 Miró O, Escoda R, Martín-Sánchez FJ, et al. Acute heart fail-
ure patient perceived quality with respect to the health care 
provided at the emergency department: CALPERICA Study. 
Emergencias 2015, 27: 161–168.

	29.	 Bueno H. Acute heart failure in Spain: Certainties and uncer-
tainties. Emergencias 2015; 27: 7–8.

	30.	 Jencks SF, Williams MV and Coleman EA. Rehospitalizations 
among patients in the Medicare fee-for-service program. N 
Engl J Med 2009; 360: 1418–1428.

	31.	 Vashi AA, Fox JP, Carr BG, et al. Use of hospital-based acute 
care among patients recently discharged from the hospital. 
JAMA 2013; 309: 364–371.

	32.	 Bueno H, Ross J, Wang Y, et al. Trends in Short-term out-
comes among medicare patients hospitalized for heart fail-
ure: 1993–2006. JAMA 2010; 303: 2141–2147.

	33.	 Peacock WF, Remer EE, Aponte J, et al. Effective observa-
tion unit treatment of decompensated heart failure. Congest 
Heart Fail 2002; 8: 68–73.

	34.	 Peacock WF and Albert NM. Observation unit manage-
ment of heart failure. Emerg Med Clin North Am 2001; 19: 
209–232.

	35.	 Ross MA, Aurora T, Graff L, et al. State of the art: Emergency 
department observation units. Crit Path Cardiol 2012; 11: 
128–138.

	36.	 Miró O, Möckel M, Pang PS, et al. Disposition of emergency 
department patients diagnosed with acute heart failure: An 
international emergency medicine perspective. Eur J Emerg 
Med (submitted).

	37.	 Lambrinou E, Kalogirou F, Lamnisos D, et al. Effectiveness 
of heart failure management-programmes with nurse-led 
discharge planning in reducing re-admissions: A systematic 
review and meta-analysis. Int J Nurs Stud 2012; 49: 610–624.

	38.	 Collins SP, Storrow AB, Levy PD, et al. Early management 
of patients with acute heart failure: State of the art and future 
directions. A consensus document from the SAEM/HFSA 
acute heart failure working group. Acad Emerg Med 2015; 
22: 94–112.

	39.	 Llorens Soriano P, Miró O, Martín-Sánchez FJ, et  al. 
Guidelines for emergency management of acute heart fail-
ure: Consensus of the Acute Heart Failure Working Group of 

the Spanish Society of Emergency Medicine (AHF-SEMES) 
in 2011. Emergencias 2011; 23: 119–139.

	40.	 Stiell IG, Clement CM, Brison RJ, et al. A risk scoring sys-
tem to identify emergency department patients with heart 
failure at high risk for serious adverse events. Acad Emerg 
Med 2013; 20: 17–26.

	41.	 Lee DS, Stitt A, Austin PC, et al. Prediction of heart failure 
mortality in emergent care: A cohort study. Ann Intern Med 
2012; 156: 767–775.

	42.	 Lee DS, Austin PC, Rouleau JL, et al. Predicting mortality 
among patients hospitalized for heart failure: Derivation 
and validation of a clinical model. JAMA 2003; 290: 
2581–2587.

	43.	 Martin-Sanchez FJ, Gil V, Llorens P, et  al. Barthel Index-
Enhanced Feedback for Effective Cardiac Treatment 
(BI-EFFECT) Study: Contribution of the Barthel Index to 
the Heart Failure Risk Scoring System model in elderly 
adults with acute heart failure in the emergency department. 
J Am Geriatr Soc 2012; 60: 493–498.

	44.	 Salah K, Kok WE, Eurlings LW, et  al. A novel discharge 
risk model for patients hospitalized for acute decompensated 
heart failure incorporating N-terminal pro-B-type natriuretic 
peptide levels: A European collaboration on acute decom-
pensated heart failure: ÉLAN-HF score. Heart 2014; 100: 
115–125.

	45.	 Chin MH and Goldman L. Correlates of major compli-
cations or death in patients admitted to the hospital with 
congestive heart failure. Arch Intern Med 1996; 156: 
1814–1820.

	46.	 Fonarow GC, Adams KF Jr, Abraham WT, et al.; ADHERE 
Scientific Advisory Committee, Study Group, and 
Investigators. Risk stratification for in-hospital mortality 
in acutely decompensated heart failure: Classification and 
regression tree analysis. JAMA 2005; 293: 572–580.

	47.	 Auble TE, Hsieh M, Gardner W, et al. A prediction rule to 
identify low-risk patients with heart failure. Acad Emerg 
Med 2005; 12: 514–521.

	48.	 Rohde LE, Goldraich L, Polanczyk CA, et al. A simple clini-
cally based predictive rule for heart failure in-hospital mor-
tality. J Card Fail 2006; 12: 587–593.

	49.	 Peterson PN, Rumsfeld JS, Liang L, et al. A validated risk 
score for in-hospital mortality in patients with heart failure 
from the American Heart Association get with the guide-
lines program. Circ Cardiovasc Qual Outcomes 2010; 3: 
25–32.

	50.	 Mueller C, Scholer A, Laule-Kilian K, et al. Use of B-type 
natriuretic peptide in the evaluation and management of 
acute dyspnea. N Engl J Med 2004; 350: 647–654.

	51.	 Metra M, Cotter G, El-Khorazaty J, et al. Acute heart failure 
in the elderly: Differences in clinical characteristics, out-
comes, and prognostic factors in the VERITAS Study. J Card 
Fail 2015; 21: 179–88.

	52.	 Mebazaa A, Yilmaz MB, Levy P, et  al. Recommendations 
on pre-hospital and early hospital management of acute 
heart failure: A consensus paper from the Heart Failure 
Association of the European Society of Cardiology, the 
European Society of Emergency Medicine and the Society of 
Academic Emergency Medicine – short version. Eur Heart J 
2015; 36: 1958–1966.



10	 European Heart Journal: Acute Cardiovascular Care ﻿

	53.	 Maisel AS, Krishnaswamy P, Nowak RM, et  al. Rapid 
measurement of B-type natriuretic peptide in the emer-
gency diagnosis of heart failure. N Engl J Med 2002; 347: 
161–167.

	54.	 Januzzi JL, Camargo CA, Anwaruddin S, et  al. The 
N-Terminal Pro-BNP Investigation of Dyspnea in the 
Emergency Department (PRIDE) Study. Am J Cardiol 2005; 
95: 948–954.

	55.	 Moe GW, Howlett J, Januzzi JL, et al. N-terminal pro-B-
type natriuretic peptide testing improves the management 
of patients with suspected acute heart failure: Primary 
results of the Canadian prospective randomized multi-
center IMPROVE-CHF study. Circulation 2007; 115: 
3103–3110.

	56.	 Miró O, Jacob J, Martín-Sánchez FJ, et al. Prognostic impli-
cations of emergency department determination of B-type 
natriuretic peptide in patients with acute heart failure: The 
PICASU-2 study. Emergencias 2011; 23: 437–446.

	57.	 Maisel A, Mueller C, Nowak R, et al. Mid-region pro-hor-
mone markers for diagnosis and prognosis in acute dyspnea: 
Results from the BACH (Biomarkers in Acute Heart Failure) 
trial. J Am Coll Cardiol 2010; 55: 2062–2076.

	58.	 Maisel A, Neath SX, Landsberg J, et al. Use of procalcitonin 
for the diagnosis of pneumonia in patients presenting with 

a chief complaint of dyspnoea: Results from the BACH 
(Biomarkers in Acute Heart Failure) trial. Eur J Heart Fail 
2012; 14: 278–286.

	59.	 Maisel A, Xue Y, Shah K, et  al. Increased 90-day mortal-
ity in patients with acute heart failure with elevated copep-
tin: Secondary results from the Biomarkers in Acute Heart 
Failure (BACH) study. Circ Heart Fail 2011; 4: 613–620.

	60.	 Pivetta E, Goffi A, Lupia E, et al. Lung ultrasound-imple-
mented diagnosis of acute decompensated heart failure 
in the ED: A SIMEU multicenter study. Chest 2015; 148: 
202–210.

	61.	 Chiem AT, Chan CH, Ander DS, et al. Comparison of expert 
and novice sonographers’ performance in focused lung ultra-
sonography in dyspnea (FLUID) to diagnose patients with 
acute heart failure syndrome. Acad Emerg Med 2015; 22: 
564–573.

	62.	 Christ M and Mueller C. Call to action: Initiation of mul-
tidisciplinary care for acute heart failure begins in the 
Emergency Department. Eur Heart J Acute Cardiovasc 
Care. Epub ahead of print 22 April 2015. DOI: 10.1177/ 
2048872615581501. 

	63.	 Antonini P, Magrini L, Murphy M, et al. Multidisciplinary 
participation for research in the emergency setting. 
Emergencias 2015; 27: 399–402.




