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W

ith a prevalence of 5 800 000 (⬇2% of the entire
populace) in 2009 and an estimated yearly incidence
of 550 000, the burden of heart failure (HF) in the United
States is tremendous.1 Although HF is largely a condition
defined by chronic debility, virtually all patients experience, at some point, acute symptoms that trigger a visit to
the emergency department (ED). These symptoms may
vary in severity but, for the most part, they necessitate
early intervention, often with intravenous medication and,
less frequently, respiratory support. As shown by combined data from the National Ambulatory Medical Care
Survey (NAMCS) and the National Hospital Ambulatory
Medical Care Survey (NHAMCS), this is a common
occurrence; there are nearly 658 000 annual ED encounters
primarily for acute HF in the United States—a figure that
represents almost 20% of the total HF-specific ambulatory
care delivered each year.2
It is noteworthy that few settings other than the ED can
offer open access to treatment or provide the level and
intensity of care required to effectively manage the acute
phase of decompensation, also referred to as episodes of
acute heart failure syndromes (AHFS). Nearly 80% of
those treated for AHFS in the ED are ultimately admitted
to the hospital and, accordingly, the ED serves as the

principal portal of entry for hospitalized AHFS patients.34
The ED therefore plays a unique role in the continuum of
AHFS treatment, functioning for most patients as the
initial point of definitive healthcare contact, the location
where primary stabilization is achieved, and the site where
disposition decisions are generally made.4 Whereas the ED
is a pivotal place for the vast majority of hospitalized
patients with acute HF, the evidence base on which this
foundation of acute care is built is astonishingly thin. The
purpose of this scientific statement, therefore, is to describe current standard practice for HF clinicians, to
highlight the knowledge gaps that are present, and to serve
as a call to action for ED-based research as a future
endeavor for those with a vested interest in AHFS care.
The need for improvement in our approach to AHFS
management was recognized in the recently published
2009 Focused Update to the 2005 American College of
Cardiology (ACC)/American Heart Association (AHA)
Guidelines for the Diagnosis and Management of Heart
Failure in Adults. For the first time recommendations
relevant to the hospitalized AHFS patient were included.5
Developed using guideline methodology standardized by
the ACC/AHA (Table 1),6 these recommendations represent an important step forward in the ongoing effort to
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Table 1.

Classification of Recommendations and Level of Evidence6

*Data available from clinical trials or registries about the usefulness/efficacy in different subpopulations, such as gender, age, history of diabetes, history of prior
myocardial infarction, history of heart failure, and prior aspirin use. A recommendation with Level of Evidence B or C does not imply that the recommendation is weak.
Many important clinical questions addressed in the guidelines do not lend themselves to clinical trials. Even though randomized trials are not available, there may
be a very clear clinical consensus that a particular test or therapy is useful or effective.
†In 2003, the ACCF/AHA Task Force on Practice Guidelines developed a list of suggested phrases to use when writing recommendations. All guideline
recommendations have been written in full sentences that express a complete thought, such that a recommendation, even if separated and presented apart from
the rest of the document (including headings above sets of recommendations), would still convey the full intent of the recommendation. It is hoped that this will
increase readers’ comprehension of the guidelines and will allow queries at the individual recommendation level.

optimize the care of patients with AHFS. With respect to
the ED several key points warrant mention: (1) the
included procedures and treatments represent a combination that target acute (24 to 48 hours) and subacute (ⱖ48
hours) stages of AHFS and are not specific to the immediate management; (2) although they provide general
guidance for treatment, there is limited direction for the
care of particular subgroups or phenotypes commonly seen
in the ED setting, especially those who have acute hypertension with fluid redistribution rather than excess accumulation7; (3) potential applicability of critically important
acute interventions typically initiated in the ED, such as noninvasive ventilatory measures8 and endotracheal intubation, are
not discussed; (4) there is no consideration of risk stratification
or proposal to provide objective measures for disposition decision making, which has crucial bearing on resource utilization,

in particular, for those patients whose condition may be amenable to a short-term, observation stay; and (5) the vast majority of
recommendations are considered class I, yet, overall, and in
contrast to those presented in the sections for chronic management, only one was based on level A evidence. This final point
is perhaps the most pressing and serves to highlight a critical
limitation in the quest to develop data-driven, best-practice
approaches to the care of AHFS patients in the ED.
Reasons for the lack of definitive evidence for AHFS
management are multifactorial but can be largely attributed to
the absence of a cohesive research agenda among respective
stakeholders. Whereas registry databases such as ADHERE
(Acute Decompensated Heart Failure National Registry)9,10
and OPTIMIZE-HF (Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients With Heart Failure)11,12 have compiled important information on initial
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presentation and treatment, large-scale clinical trials, utilizing
prospective data collection, have not been designed to recruit
patients in the ED setting. Factors contributing to this include
a long-standing difficulty establishing consensus on reasonable end points4 as well as a desire to ensure accurate
diagnosis before enrollment. More importantly, there has
been a misperception by HF specialists that identification and
enrollment of ED patients is problematic.3 The net result is a
lingering uncertainty with regard to the impact of early
intervention on outcomes and de facto inclusion of patients
who have refractory symptoms.3,4 The latter, in particular,
may be responsible for the predominantly neutral findings
associated with the majority of AHFS investigations that have
been conducted to date.
As highlighted in this Introduction, a paradigm shift in the
clinical practice and investigative agenda surrounding AHFS
is warranted. Sensing the urgency of this matter, the National
Heart, Lung, and Blood Institute recently convened a multidisciplinary working group of individuals with expertise in
AHFS management and tasked them with development of the
Institute’s future research focus for AHFS.13 Although the
proceedings were published elsewhere, there was firm resolve
among all participants regarding the need to improve the
evidence base in AHFS by initiating study of these patients in
the ED, and that a better understanding of AHFS could only
be achieved through broad collaboration.
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and decrease mortality and length of stay.15–19 This difficult
task is further compounded by the organizational structure
and operations of most EDs, which tend to be better suited for
rapid stabilization, treatment, and disposition of acute emergencies such as shock, arrhythmias, or ST-segment myocardial infarction, as opposed to the timely recognition and
treatment of more subtle or complicated forms of AHFS which
most often are related to decompensation of underlying, chronic
HF.20 It may be easier to judge how seriously ill patients are
when their baseline has deviated from a previously healthy state,
than when their condition represents deterioration of a chronic
illness that is protean in nature, especially when the emergency
physician is unfamiliar with the patient.
The ED phase of AHFS management concludes with a
disposition decision (admit to ED observation unit, in-hospital
telemetry unit, intensive care unit, or discharge to the outpatient
environment).21 Because it is challenging to identify patients at
risk for poor outcomes in the ED, including acute and 30-day
adverse cardiac events,22 and because definitive resolution of
symptoms is seldom achieved in the ED, 80% of patients who
present to the ED with AHFS are hospitalized.23 At present,
however, there is little evidence to guide disposition decisions,
and imprecise risk stratification and uncertainty regarding the
etiology of AHFS often prompts the decision to admit for further
treatment and testing.21

Current Diagnostics
Organization of Writing Group and Relationships
With Industry
Experts in the subject of AHFS were selected and charged
with examining subject-specific data and writing this scientific statement. The writing group performed a formal literature review and weighed the strength of evidence for or
against existing treatments or procedures using established
AHA statement and guideline methodology. Discussion of
patient-specific modifiers, comorbidities, and issues of patient preference that might influence the choice of particular
tests or therapies were considered, as were frequency of
follow-up and cost-effectiveness. When available, information from studies on cost was considered; however, review of
data on efficacy and clinical outcomes constituted the primary basis for any related recommendations. To ensure that
any actual, potential, or perceived conflicts of interest were
identified, all members of the writing group, as well as peer
reviewers of the document, completed “Relationship with
Industry” forms when the writing group was formed. Writing
group members were also required to review and update their
disclosure information before publication. The writing group
used the “Methodology Manual for ACC/AHA Guideline
Writing Committees”14 as a guide for developing this statement. Writing group and reviewer disclosures that are pertinent to this scientific statement are provided at the end of this
statement.

What Happens Currently in the ED:
Diagnosis, Treatment, and Disposition?
Diagnosis and treatment of AHFS in the ED is a clinical
challenge that requires complex decision-making skills to
achieve hemodynamic balance, improve functional capacity,

The evaluation of the patient in the ED with possible AHFS
includes history, physical examination, chest radiography,
12-lead ECG, cardiac troponin testing (I or T), electrolytes,
and a complete blood cell count. The chest radiograph
remains a cornerstone for diagnostic testing, but can lack
signs of congestion in over 15% of patients, thus limiting its
ability as a screening tool.24 In select cases, liver and thyroid
function tests may be considered. The natriuretic peptides
b-type natriuretic peptide (BNP) and N-terminal (NT)proBNP have demonstrated diagnostic utility in this patient
population when clinical uncertainty remains after initial
history, physical examination, and chest radiography. These
biomarkers are generated from a prohormone released from
cardiac myocytes in response to ventricular dilatation and
pressure overload.25–27 After release from the cardiac myocyte, the prohormone proBNP is cleaved into BNP, which is
metabolically active, and NT-proBNP, which is metabolically
inactive. Both BNP and NT-proBNP are elevated in AHFS
and the magnitude of marker elevation is correlated with
severity of illness.28 –32
A large study that investigated the diagnostic utility of
natriuretic peptides was the Breathing Not Properly trial
which enrolled 1586 patients, and evaluated BNP measurement in ED patients with possible AHFS.28 Using a cutoff of
100 pg/mL, BNP had a sensitivity, specificity, negative
predictive, and positive predictive value of 90%, 76%, 79%,
and 89%, respectively. In this capacity, BNP is highly useful
to exclude AHFS. In a multiple logistic regression analysis
including history, physical examination, and chest x-ray
findings, an elevated BNP was the strongest independent
predictor of AHFS, with an odds ratio of 29.6 (95% confidence interval [CI] 17.75 to 49.37). In a secondary analysis
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from this study, BNP correctly classified 74% of the patients
with an intermediate probability of AHFS.33 When BNP was
added to clinical judgment after routine evaluation, the area
under the receiver operating characteristic curve (AUC) rose
significantly from 0.86 to 0.93 (P⬍0.0001). Similarly, a
single-center investigation evaluated the diagnostic utility of
NT-proBNP in the ED in 600 patients with dyspnea.31 The
AUC rose from 0.90 to 0.96 when NT-proBNP was added to
clinical judgment. The authors suggest a single cut point of
300 pg/mL to rule out AHFS, but 2 cut points to rule in AHFS
depending on age: ⬍50 years old (⬎450 pg/mL)and ⬎50
years old (⬎900 pg/mL). Subsequent studies suggested even
further delineation as follows: (1) either an age-independent
cutoff of 900 pg/mL, or (2) the more accurate (but more
complex) age-stratified approach of 450/900/1800 for patients aged ⬍50/50 to 75/⬎75 years.34,35 Other smaller
studies have also demonstrated the diagnostic utility of BNP
and NT-proBNP for AHFS.29,30,36,37
The majority of studies suggest that BNP and NT-proBNP
are of equal diagnostic utility. However, subtle differences in
patient characteristics may favor one biomarker over the
other. BNP and NT-proBNP both can be elevated in patients
with renal insufficiency, which is more commonly found in
older patients.38,39 Levels of NT-proBNP appear to be more
affected by renal function.40 Four studies have directly compared
the diagnostic utility of BNP and NT-proBNP.29,36,41,42 Both
natriuretic peptides demonstrated similar accuracy in 3 studies, but in 1 study BNP was superior to NT-proBNP.42 The
AUC for the diagnosis of AHFS was 0.80 for NT-proBNP
and 0.85 for BNP, P⬍0.05. This was mostly a consequence
of the lower specificity of NT-proBNP (76%) when compared with BNP (91%). In this study, only patients ⬎65 years
old were enrolled, suggesting that BNP may be superior in
older patients. This finding will need to be confirmed in other
studies. The natriuretic peptides are particularly good at
ruling out AHFS; the negative likelihood ratio of BNP at 100
pg/mL is 0.13,28 and of NT-proBNP at 300 pg/mL is 0.015.31
However, the positive likelihood ratio of the natriuretic
peptides is more limited (3.8 and 3.1, respectively, for BNP
and NT-proBNP) because they can be elevated in numerous
conditions including sepsis, pulmonary hypertension, older
age, renal insufficiency, atrial fibrillation, and pulmonary embolism.43– 47 Obesity is actually associated with disproportionately
low BNP levels.48 Mechanisms that have been postulated for
these low BNP levels include reduced peptide synthesis and/or
secretion in subjects with obesity; increased expression of
natriuretic peptide clearance receptors in adipose tissue; and
increased circulating neutral endopeptidases, which are secreted
by adipocytes, may contribute to a lesser extent.49 Patients with
a history of HF can have chronically elevated BNP or
NT-proBNP levels. An elevation above their baseline, or dry
weight level, may help identify a patient with AHFS. What
constitutes a significant change above the baseline level in any
particular patient is uncertain at the present time. Biological
variability further complicates this situation. Studies suggest that
BNP may need to change by at least 70% and NT-proBNP may
need to change by 50% to identify a patient with a diagnostically
meaningful change.50 –53

The clinical utility and resource utilization of BNP testing
were evaluated in a single-center randomized trial of 453
patients with dyspnea in an ED in Switzerland.32 Two
hundred twenty-five patients were randomly assigned to a
standard diagnostic strategy, and 227 patients were randomly
assigned to a standard diagnostic strategy plus BNP measurement. In comparison with the standard strategy, BNP testing
led to reductions in the number of patients hospitalized (75%
versus 85%, P⫽0.008), time to discharge (8.0 days versus
11.0 days, P⫽0.001), cost ($5410 versus $7264, P⫽0.006),
and time to treatment (63 minutes versus 90 minutes,
P⫽0.03) In a separate analysis from the same trial, the
cost-effectiveness of BNP measurement in the ED was
maintained at 180 days.54 However, the dramatically different
lengths of stay compared with centers in the United States
makes extrapolation of these results problematic. Another
trial of 500 patients with dyspnea presenting to EDs in
Canada randomly assigned 250 patients to a standard diagnostic strategy and 250 patients to a standard diagnostic
strategy plus NT-proBNP measurement.55 The AUC of the
emergency physician’s diagnostic accuracy without knowledge of NT-proBNP results was 0.83 (95% CI 0.80 to 0.84),
which increased to 0.90 (95% CI 0.90 to 0.93, P⬍0.001) with
knowledge of NT-pro BNP results. Although there were no
clinically meaningful differences in ED or hospital length of
stay or costs, there was a significant difference in 60-day
rehospitalization and costs favoring the NT-proBNP group.
However, randomized trials investigating the use of an initial
BNP to aid in diagnostic accuracy or serial BNP levels to
dictate therapy in the acute setting found no improvement in
diagnostic accuracy or clinically important outcomes such as
length of stay, mortality, and readmission.56,57 These randomized trials do not clearly identify whether the potential
improved diagnostic accuracy of natriuretic peptides can lead
to more appropriate therapy in a cost-effective manner.
Further research, preferably in the way of a multicenter trial,
is indicated to address this issue.
In summary, the measurement of BNP or NT-proBNP in the
ED patient being evaluated for possible AHFS improves diagnostic accuracy when compared with standard diagnostic strategies. Either BNP or NT-proBNP should be measured in
patients in whom there is clinical uncertainty concerning the
diagnosis.

Current Therapy: Heterogeneous Presentations
Met With Homogeneous Therapy
Although dyspnea, the principal symptom in AHFS, is attributed
to the common pathophysiologic denominator, increased left
ventricular end-diastolic pressure, not all patients have the same
etiology or precipitating factor.58,59 Regardless of the baseline
cardiac pathophysiology, critical presenting features such as
hemodynamic status, presence (or absence) of myocardial ischemia, and renal dysfunction greatly influence management.
Widespread appreciation of this phenotypic variability is lacking,60 – 62 perhaps because AHFS is viewed as a single disease
entity rather than as a multifaceted disorder.58
Furthermore, symptoms related to congestion are what
prompt patients with AHFS to seek care.63 The current goals
of ED therapy are to relieve congestion, balance hemodynam-
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ics, achieve euvolemia, and avoid harm, such as myocardial
and renal injury. Initial stabilization focuses on determining
whether the patient requires ventilatory support, either via
endotracheal intubation or noninvasive ventilation (NIV).
NIV is used as an adjunct to acute pharmacological therapy in
patients who present with respiratory distress. Although a
large randomized trial suggests no mortality benefit associated with NIV, it does improve dyspnea and reduce preload
while other therapies are initiated.8 Diuretics are a central
component of ED therapy, and their use is endorsed by
guidelines from both the United States and Europe.5,64 – 66
Further studies are needed to resolve the conflicting results as
to whether intermittent boluses or a constant infusion is more
efficacious.67,68 Vasodilators, including intravenous angiotensin-converting enzyme (ACE) inhibitors, are frequently used
in the treatment of AHFS patients with congestion and
normal or elevated blood pressure. In addition to the intravenous form, nitroglycerin is also available in sublingual and
topical preparations. Topical nitroglycerin preparations are
frequently used in the ED despite limited clinical trial data
describing their utility. A highly selective study of patients
with AHFS and low cardiac output and monitored by a
pulmonary artery catheter suggests that 0.8 mg of sublingual
nitroglycerin causes a clinically significant decrease in systemic vascular resistance and an increase in the cardiac index
in less than 30 minutes.69 Similarly, clinically significant
improvements in pulmonary capillary wedge pressure and
cardiac index were also seen when nitroglycerin ointment
(2.5 to 5 cm) was applied topically to patients with AHFS.70
ED patients with AHFS can be largely assigned into 2
groups based on presentation blood pressure: (1) hypertensive
(⬎140 mm Hg) and (2) normotensive (⬍140 mm Hg). Hypotension (⬍90 mm Hg) and cardiogenic shock are rare and
make up less than 5% of ED presentations.12,65 Those who
present with hypertension may appear to be the most acutely
ill, but aggressive blood pressure management often results in
rapid resolution of symptoms. More importantly, once their
acute symptoms are adequately managed, patients presenting
with hypertension often have 60- to 90-day mortality rates
that are much lower than those who present with normotension.12,18,71,72 Although both of these subsets have signs and
symptoms of pulmonary congestion, the actual mechanisms
and volume status may differ. Traditional AHFS models
describe fluid accumulation and acute symptoms as being
almost synonymous. Recent data suggest that those patients
who present with hypertension (ie, vascular crisis) may have
congestion caused by a mismatch between rapidly increasing
afterload and impaired systolic performance leading to volume redistribution.7,73–75 Nevertheless, both groups of patients present with similar symptoms and are often treated
solely with intravenous diuretics despite differences in underlying pathophysiology and volume status.
Further subcategorization can be made based on underlying
etiologies and reasons for decompensation such as AHFS related
to dietary and medication nonadherence, ischemia, worsening
renal function, arrhythmias, or a concomitant pulmonary process.76 In select cases this may help direct further therapy such as
anitarrhythmics; however, regardless of the etiology, the majority of patients are admitted to the hospital for further therapy
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targeting congestion reduction.12,77–79 Very few changes are
made to medication regimens during hospitalization, and only a
minority of patients receive a therapeutic procedure or device
during their inpatient stay.80 – 82
According to the recently completed URGENT (Ularitide
Global Evaluation in Acute Decompensated Heart Failure)
dyspnea study, the ED approach does improve overt symptoms
of breathlessness in most patients by 6 hours.83 Yet, despite
improvement in symptoms by 6 hours, registry data also suggest
that only 50% of patients have complete resolution of their
congestive symptoms at hospital discharge.11 Furthermore, there
is little randomized evidence of the benefit of diuretics beyond
symptomatic improvement, because randomized trials are nonexistent84 and signals increasingly point to the potential for
induction of harm with both acute85,86 and chronic87 usage of
diuretic medication. Previous studies of diuretics suggest not
only an association with adverse outcomes, but also perhaps
direct causality.71,86,88 –91 The development of in-hospital acute
renal injury has been associated with increased in-hospital
mortality.92–94 Although, for some, diuresis is important and
appropriate, could the nearly universal application of homogeneous therapy to an inherently heterogeneous disorder negatively impact the high rates of short-term recidivism95 and
mortality1 associated with AHFS?3,58
AHFS has historically been viewed as a transient event,
characterized primarily by systolic dysfunction, low cardiac
output, and fluid overload. This pathophysiologic model has
been thought to be applicable across all patient groups,
varying only by degree of severity.96 –98 Consequently, shortterm treatment strategies such as intravenous diuretics, targeted at rapidly alleviating fluid congestion, were adopted
without clinical trials evaluating long-term safety and efficacy. It is noteworthy that emerging data from several HF
registries have largely challenged the traditional low cardiac
output model exemplified by the prototypical male with
ischemic heart disease, revealing a more complex and distinct
group of pathophysiologic entities.77,78 Despite the heterogeneous clinical profiles outlined above, suggesting that targeted treatment may be beneficial, the majority of patients
with AHFS are treated with homogeneous therapy, namely
intravenous diuretics. A next logical step would be to determine whether select subsets of patients, classified via reliable
objective measures after initial evaluation, would benefit
from targeted therapy aimed at their risk profile, HF etiology,
and reason for decompensation.

Emergency Department Disposition Decision Making
The majority of patients who present to the ED with AHFS
are admitted to the hospital.99,100 This approach is largely due
to the challenge of identifying ED patients at low risk for poor
outcomes. Risk stratification of patients with AHFS is traditionally problematic, not only because of the patients’ underlying HF, but also because of their multiple comorbidities.
Further, even for patients who exhibit no objective markers of
high risk, the subsequent inability to ensure close follow-up,
provide bedside HF education, and address the importance of
adherence to therapeutic recommendations makes direct ED
discharge problematic.
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Those patients who present in extremis with significant
dyspnea and elevated blood pressures may appear to be at the
greatest risk for short-term adverse events. However, once
acute symptoms are controlled their intermediate (30- to
60-day) risk of adverse events is low when compared with the
cohort of patients with normal blood pressure who often
present with less severe symptoms.12,18,101 Only a minority of
patients manifest low-output signs such as diminished urine
production or systemic hypoperfusion.12
Other admission profiles associated with an increased risk
of in-hospital mortality include AHFS related to myocardial
infarction or ischemia, worsening renal function, or a concomitant pneumonia.76 Conversely, as many as one-third of
patients decompensate because of medication or dietary
nonadherence or as a result of poorly controlled hypertension.
These individuals have a better short-term prognosis with a
reduced risk of early mortality.102 Studies over the past decade
have recurrently identified several variables and biomarkers as
predictors of adverse events: (1) elevated blood urea nitrogen or
creatinine, (2) hyponatremia, (3) ischemic electrocardiogram
changes, (4) elevated natriuretic peptide levels, (5) elevated
troponins, and (6) low systolic blood pressure.12,65,101,103,104 –107
Markers of low-risk AHFS, however, have not been as well
delineated. Preliminary work suggests an initial systolic
blood pressure over 160 mm Hg and a normal initial cardiac
troponin I as markers associated with a decreased risk of
adverse events.22 In a large retrospective analysis of a
statewide database that utilized recursive partitioning, 17% of
ED patients were identified as low risk.108 This somewhat
complex model also found systolic blood pressure, serum
sodium, and creatinine serving to differentiate between low
and high risk. This statistical model was subsequently validated in more than 8300 patients. The model had a negative
likelihood ratio of 0.24 (0.18 to 0.32) for identification of
30-day mortality or serious complications.109
Although markers of low-risk presentations have remained
somewhat elusive, alternatives to hospitalization have also
been investigated. Because the majority of hospitalizations
originate from the ED, emergency physicians have considerable experience stabilizing patients, initiating treatment, and
determining disposition in patients with AHFS.64,110 Because
most patients with AHFS are admitted for decongestion as a
result of worsening chronic HF, a brief period of management
in the ED or an ED-based observation unit may be a reasonable
alternative to hospitalization in those patients without high-risk
features. Such approaches have proved feasible and have been
shown to conserve hospital resources.111–114 Although close
cardiology follow-up as an outpatient is the cornerstone of
success in these brief, ED-driven treatment strategies, even
better outcomes may be achieved as the ability to effectively
risk-stratify patients improves. Ultimately, delineation of
low-risk features and identification of AHFS patients with
good intermediate-term prognosis is needed. Further prospective study to identify markers of low-risk AHFS patients is
therefore necessary.

Post-ED Course
Hospitalization of the patient with AHFS defines a point on
the continuum of their disease process. Admission for treat-

ment of both newly diagnosed AHFS or recurrent exacerbations/complications of chronic HF are episodes of profound
consequence to the patient. Health, emotional well-being,
quality of life, work status, and long-term prognosis are
affected by these medical events. Successful treatment via
initiation and optimization of medical therapy not only
improves patients’ immediate symptoms but also their longterm prognosis.115–117 One of the important keys to success
for the practitioner is to ensure that the indicated, evidencebased therapies are administered appropriately and in a timely
fashion. After 20 years of clinical trials data, many centers
still fall short of this goal. This is probably a combination of
the incomplete penetration of recent guidelines into routine
medical practice, as well as difficulty in applying guidelines
to patients with complex hemodynamic derangements and
multiple comorbidities. Furthermore, despite years of HF
clinical research, many basic questions remain unresolved.
As a result, physicians must still rely on their own clinical
experience to treat this prevalent disease.
As mentioned previously, the AHA/ACC guidelines for the
management of HF were updated in 2009.5 Although the
evidence base for patients with AHFS is limited, with most
recommendations stemming from expert consensus (level C),
these guidelines still provide direction for clinicians caring for
stabilized AHFS patients as they are being transitioned from the
ED to an inpatient bed, and eventually to outpatient care.

Inpatient Therapy for AHFS
Treatment of pulmonary congestion and the resultant symptoms has remained the cornerstone of AHFS therapy for over
50 years. Pulmonary congestion, even though it is sometimes
difficult to assess, is a symptom of elevated left atrial
pressure. Clinicians currently lack a simple, inexpensive,
accurate, reliable, and noninvasive means of assessing this
target for therapy. A variety of techniques such as physical
examination, echocardiography, pulmonary artery catheterization, implanted hemodynamic monitors, and thoracic impedance have been tested and found to have limited utility in
the management of AHFS.118 –123 There remains no reliable
means of identifying when to start diuretics and when to
withhold them before obvious clinical signs, such as renal
dysfunction or hypotension, develop.

Morbidity and Mortality in Hospitalized Patients
With AHFS
The average risk of death during hospital admission for AHFS is
approximately 4% based on data from both ADHERE and
OPTIMZE-HF.11,63 Patients who are admitted with AHFS and
require the administration of vasoactive drugs may have a poorer
prognosis and an increased risk of death.9,124 Patients requiring
the use of inotropic agents had a mortality rate of 12% to 13%
in ADHERE.9 Intravenous vasodilators have demonstrated favorable acute hemodynamic effects but the impact on long-term
morbidity and mortality remains unclear. The use of vasodilators
has been associated with a mortality risk of 4.7% for nitroglycerin and 7.1% for nesiritide.9 Risk factors for increased mortality
during hospitalization include increasing age, elevated heart rate,
hyponatremia, hypotension, left ventricular systolic dysfunction,
elevated serum creatinine, blood urea nitrogen, natriuretic pep-
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tides, and AHFS as the primary cause for admission.9,34,63,125 An
elevated cardiac troponin level has also been associated with
nearly a 3-fold higher in-hospital mortality.126 Several comorbidities have been identified with increased in-hospital mortality.
These include liver disease, previous cerebrovascular events,
peripheral vascular disease, and chronic obstructive lung disease.
Factors associated with a more favorable prognosis during
hospitalization for AHFS include hospital admission related to
de novo AHFS and prehospitalization therapy with ACE inhibitors or ␤-blockers.63

Readiness for Discharge
Postdischarge morbidity and mortality in the first 60 to 90
days is significant, with patients who were followed up in
OPTIMIZE-HF having a mortality rate of 8.6% and a
rehospitalization rate of 29.6%.127 In addition, among Medicare patients, HF is the most common reason for readmission
within 30 days of discharge regardless of what prompted the
index hospital episode.95 To minimize postdischarge event
rates, a thorough evaluation and consideration of precipitating
factors of AHFS is encouraged. Identification of reversible
causes, such as coronary artery disease or valvular dysfunction during hospitalization, may shorten hospital lengths of
stay and minimize postdischarge morbidity and mortality.
However, early, safe objective end points of hospital admissions are lacking. Current ADHF guidelines for ED and
hospital disposition are based on limited empirical evidence.64,110,128,129 This results in a great deal of clinical
uncertainty regarding acute treatment and the end points to be
achieved to safely discharge patients. The majority of patients
are discharged based on the resolution of acute symptoms
providing they have not developed high-risk markers such as
worsening renal function, hypotension, or elevated troponins.
Beyond the questions of acute management of AHFS,
however, lie unequivocal data regarding the benefit of traditional HF medical therapy including ACE inhibitors, angiotensin receptor antagonists, ␤-blockers, and selective aldosterone receptor antagonists. Early initiation of this therapy,
before hospital discharge, with appropriate titration, improves
symptoms, reduces hospitalizations, and saves lives. Nevertheless, these therapies remain underutilized82 and several
performance measures currently used to assess medical centers have not been associated with improved clinical outcomes.130 Performance improvement programs can, however,
increase utilization of optimal medical management.131
As an episode of AHFS is controlled, guideline-based
therapies are initiated and the patient is prepared for discharge. A variety of concerns including economic, health,
safety, and resource availability exert pressure to keep the
length of stay as short as possible with many benchmarks
between 3 and 4 days maximum, although the average length
of stay was 4 to 5 days in the OPTMIZE-HF Registry.63 There
is a balance between timely and efficient healthcare delivery
and that which results in premature discharge and early
readmission. Patients who remain symptomatic from AHFS
are at increased risk for repeated decompensation or other
complications, including death soon after discharge.127 Given
the high risk of recidivism for AHFS, a planned transition to
outpatient status with close follow-up by a HF clinic or
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specialist may be beneficial. Such a program should begin
with education before discharge. Even 1 hour of nurse
educator– delivered AHFS education has been shown to
improve clinical outcomes, increase self-care, and reduce
costs.132 The optimal design of this follow-up care remains to
be defined, but effective programs have included such components as outpatient clinic visits within days of discharge,
nurse follow-up by phone or visit, ongoing management in a
formal HF clinic, home telemetry devices to monitor vital
signs, weight, and symptoms, and perhaps more sophisticated
measures like hemodynamic and rhythm monitoring.133–136

Postdischarge: Ongoing Assessment and
Avoiding Readmission
Patients with chronic HF remain at significant risk for
morbidity and mortality despite the range of therapies currently available. These risks may be underappreciated not
only by the patient, but also by the treating physician and,
thus, objective methods of risk assessment and prognosis
could be useful. Historically, prognostic assessments were
principally used to identify optimal timing of cardiac transplantation in ambulatory New York Heart Association Class
III patients. A number of multivariate prognostic models have
been developed to better characterize a patient’s ongoing risk.
The Heart Failure Survival Score incorporates peak oxygen
consumption, heart rate, mean arterial pressure, presence or
absence of coronary disease, interventricular conduction defects, serum sodium concentration, and ejection fraction to
characterize patients as low, medium, or high risk for 1-year
urgent transplant or death without transplant.137 The Seattle
Heart Failure Model incorporates multiple variables with an
internet-based risk calculator to estimate 1-, 2-, and 3-year
mortality based on disease status and medical interventions.138 A cardiopulmonary exercise testing score was devised that incorporates not only peak VO2 but also VE/VCO2
slope, and resting end-tidal CO2, and oxygen uptake efficiency slope in a multivariate model for predicting 1-year
mortality, transplantation, left ventricular assist device implantation, and rehospitalization for AHFS.139
Readmission of a patient with chronic HF represents a
deterioration in their clinical status that probably has prognostic
significance.140,141It also represents an opportunity to assess
changes in the status of their disease process, inciting factors
such as arrhythmias and concomitant diseases such as pneumonia,76 review of the medical regimen to ensure optimal management including device therapies, and assessment of patient
compliance, social support, and patient reeducation. A variety of
precipitating factors must be considered including: pulmonary
infections, angina, hypertension, arrhythmias, medication nonadherence, diet nonadherence, and other noncardiac medical
problems.142–144 Predictors for repeat hospitalization in an elderly population include a HF admission within the previous
year, diabetes mellitus, and serum creatinine ⬎2.5.127,145 Weight
gain following discharge is also predictive of readmission for
AHFS.146 Rehospitalization for HF may also suggest inadequate
treatment during a previous stay for AHFS.147,148
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Integrated Care of the Heart Failure Team
Expertise in Patient Education and Reducing
Recidivism: Advanced Practice Nurses, Dieticians,
and Pharmacists
Dieticians, pharmacists, nurses, clinical nurse specialists, and
nurse practitioners all play a key role in educating hospitalized HF patients and their families on the importance of
medication adherence, sodium and fluid restrictions, smoking
cessation, and self-care.149 –152 Inpatient education begins in the
ED,153 where the impact of the “teachable moment” may be
highest,154and continues until discharge.152 Although initiated in
the inpatient setting, this education and counseling continues at
outpatient follow-up visits as well. The Joint Commission
performance measures mandate that, before being discharged
home, all HF patients should receive comprehensive written
discharge instructions or other educational materials that address
activity level, diet, discharge medications, follow-up appointment, weight monitoring, and plans of what to do should
symptoms worsen.155 Although obligatory, the delivery of discharge information does not necessarily equate with the acquisition of self-care management skills or behaviors156 fundamental to optimizing patient outcomes.157
Those involved in educating must actively engage patients,
their family members, and primary caregivers to identify and
address barriers to self-care management such as lack of
motivation, complex medication regimens, cognitive impairment, low socioeconomic status, low educational level, and
inadequate family and social support157,158 to promote selfcare and reduce recidivism.152 To this end, advanced practice
nurses (APNs), as part of a multidisciplinary team, emphasize
evidence-based holistic care that integrates the family, the
environment, and human responses to health and illness.159
Strategies enacted by APNs to improve HF self-care management during hospitalization include visiting the patient daily,
assessing patient and family knowledge, collaborating with the
healthcare team and family, and assessing learning capabilities
and style.160,161 When combined with APN interventions that
facilitate discharge planning and home follow-up care, this
approach optimizes discharge planning, improves patientprovider communication, and reduces hospital readmission rates,
mean costs, and negative outcomes.160,161

Shifting the Paradigm: Focused Areas for
Future Investigation
Novel Diagnostics
The advent of natriuretic peptides has dramatically altered the
diagnostic landscape for AHFS, adding objectivity to what
previously had been a problematic approach.28,31 However,
these biomarkers are not devoid of limitations. Because
natriuretic peptides are released in response to cardiac myocyte stress regardless of the underlying cause, they lack the
specificity necessary to function as absolute indicators of
AHFS, even when serum concentrations exceed established
thresholds for diagnosis. Detectable quantities are subject to
marked variance on the basis of age,162 sex,163 body habitus,164
renal function,39,165 and abruptness of symptom onset,166 resulting in the potential for diagnostic errors and, within the context
of research, misclassification bias. It has been suggested recently

that natriuretic peptide utility can be enhanced through consideration of respective values as continuous rather than as dichotomous measures167; however, the incremental benefit of this has
yet to be externally validated.168,169
The search for additional tools to improve the diagnostic
accuracy for patients with undifferentiated dyspnea and
possible AHFS remains a high priority. Much of this effort
has centered on the identification of new serum biomarkers
that enable assessment of neurohormonal activity, systemic
inflammation, extracellular matrix composition, subcellular
oxidative and metabolic stress, or acute cardiorenal injury.
Unlike the natriuretic peptides, however, few of these biomarkers have been rigorously tested in the acute setting and
their prospective clinical role, if any, is unclear. Other modalities
such as electronic detection of third heart sounds (S3) using
acoustic cardiography,170 –172 noninvasive hemodynamic profiling using impedance cardiography,173,174 bedside portable chest
ultrasound to evaluate for accumulated interstitial lung fluid,175–177
and quantitative capnometry178 have been investigated as
both stand-alone and adjunct diagnostic measures, but appear
to provide little benefit over existing approaches. Cardiovascular response to the Valsalva maneuver has been proposed
as an additional method by which ventricular filling pressures
and volume status can be assessed179,180 but its utility in
AHFS management has not been well-defined.
Although often overlooked, the quest for novel diagnostics
has been hindered by the absence of a uniformly accepted
standard for diagnosis of AHFS. In most studies to date,
investigators have used retrospectively applied criterionbased standards or blinded cardiology reviews with resolution
of disagreement, accounting for approximately 10% of cases,
by adjudicated expert consensus. Although practical, such
methodology is suboptimal and may contribute to misleading
conclusions regarding true test performance. The definitive
diagnostic procedure, pulmonary artery catheterization, is
simply not feasible in the ED and, given the unfavorable
risk-to-benefit ratio,118,123 unjustifiable for routine management or research-specific purposes in AHFS patients. Existing noninvasive alternatives to pulmonary artery catheterization such as impedance cardiography have not been shown to
correlate sufficiently with regard to left ventricular filling
pressures174 and produce unreliable measurements in those
with severe dyspnea or diaphoresis. Cardiac MRI is an
emerging technology that can provide objective diagnostic
information on heart anatomy, contractility and perfusion
while enabling assessment of potential acute myocardial
injury and residual tissue viability.181 These attributes hold
promise for the future of cardiac MRI as an objective test in
patients with AHFS. However, at present, applicability is
limited by high acquisition costs, technical demands, sparse
availability, and the difficulty of acutely dyspneic patients
lying flat for prolonged periods.
Echocardiography can provide a substantial amount of
information regarding cardiac structure and function and is
considered a critical component of the workup for patients
with suspected AHFS.182,183 Echocardiography also enables
categorization of AHFS patients into traditional subgroups
based on left ventricular ejection fraction (ie, preserved or
reduced) and may provide important information about vol-
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ume status by assessing measurements and changes in size of
the inferior vena cava.184 –187 Although not included in any of
the criterion-based standards, echocardiographic parameters
of systolic and diastolic dysfunction may be, in the proper
clinical context, highly suggestive of AHFS. Echocardiogram
findings clearly contribute to the criterion standard diagnosis
in AHFS diagnostic trials. Further, HF with preserved systolic
function (HFPSF) is prevalent, accounting for approximately
50% of hospital admissions for AHFS. In-hospital mortality
rates appear to be slightly lower (3% in OPTIMIZE-HF and
2.8% in ADHERE) when compared with rates in patients
with left ventricular systolic dysfunction. Length of stay
and rates of readmission are similar.11,188 It will be
important to enroll and further characterize patients with
AHFS and HFPSF to improve the evidence base that
influences clinical care.
Despite its clear utility in AHFS, access to formal echocardiography performed in the ED outside of weekday
daytime hours is rare. Reasons may vary, but most hospitals
across the country simply do not have the available resources
and personnel. Over the past decade, however, there has been
rapid expansion in point-of-care ultrasound expertise among
ED providers. Achievement of basic proficiency is now
considered a requisite skill for all emergency medicine
residency graduates. Accordingly, there is growing interest
among ED providers in the potential applicability of limited
cardiac ultrasonography in patients with suspected AHFS.
Prior studies have shown that, after a brief period of focused
training, emergency physicians can competently estimate
ejection fraction189 and accurately perform Doppler analysis
of mitral inflow,189,190 thereby permitting rapid definition of
global cardiac function. This capability would: (a) help direct
appropriate intervention to the right patient, (b) delineate
structure/function in the heart before the initiation of therapy,
and (c) improve understanding of the phenotypes of AHFS.18
If coupled with thoracic ultrasound191 and left atrial volume
measurement,192–194 a real-time, noninvasive depiction of lung
fluid burden as it relates to underlying cardiac dysfunction and
acute left ventricular filling pressure could be obtained.
Interpreted within the context of ED blood pressure, which is
both a primary manifestation of AHFS etiology186,195–197 and
a critical determinant of outcome,12,103 and information derived from interrogation of implanted monitoring devices, if
present, a phenotype-oriented approach to management may
be achievable.60,61

Novel Approaches to Therapy
Based on an improved understanding of AHFS pathophysiology, lessons learned from largely disappointing clinical
trials (Table 2), and the high postdischarge event rate, it is
clear that novel approaches and strategies are needed.198 Such
strategies should be aligned with appropriate end points that
are based on the mechanism of action and goals of the
intervention. Furthermore, they should be designed to address
the potential time-dependent nature of AHFS management,
the importance of which, in contrast to acute coronary
syndrome (ACS) care, has not been well explored. Previous
retrospective studies suggest that time to treatment may be
important in AHFS, but it must be prospectively studied to
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determine its impact on outcomes.199 –200 It is important to
note that past clinical trials in AHFS have largely bypassed
the ED phase of management, enrolling patients 24 to 48
hours after admission. Depending on the drug’s pharmacodynamic properties, it is possible that a therapeutic window
exists beyond which apparent efficacy is diminished. For
dyspnea relief, a key end point in AHFS,83,202 this may be
particularly true. Current therapeutic trials targeting dyspnea
relief have significantly shortened the time window of enrollment to capture patients when symptoms are most severe— on
ED presentation.202,203

Goals of ED Management
Although preliminary data suggest that prompt ED intervention
impacts outcomes in terms of in-hospital morbidity and mortality,200,201 it is not clear whether this extends to more
intermediate-term outcomes, such as 30- to 60-day rehospitalization, or mortality. After addressing immediate life-threatening
conditions, the current approach to ED management moves
quickly to a focus on symptomatic improvement, which drives
subsequent therapeutic decisions. Intermediate-term goals therefore become a secondary priority. It is possible, however, that
such outcomes could be influenced by ED management, especially if it were to produce either of the following: (1) sufficient
interruption of a pathophysiologic process that actively contributes to the acute, decompensated state; or (2) significant unwanted downstream effects such as renal or myocardial injury.
Although existing data regarding these considerations are limited, understanding how acute therapy impacts underlying cardiorenal function and hemodynamic end points is critical to the
development of more progressive, outcome-oriented AHFS care.

Patient Characterization
A more complete understanding of patients at the time of
presentation and their response to current management is
needed to better target future research. Current clinical
profiles are largely based on inpatient hospital registries204 –206
but these do not include important information on acute
cardiac function, which may be available via focused bedside
echocardiogram, nor do they provide data on immediate and
short-term responses to standard ED therapy. Consequently,
the natural history of ED patients hospitalized for AHFS is
not well described. We are in need of comprehensive clinical,
laboratory, and neurohormonal data from the time of ED
presentation through the postdischarge phase. A prospective
observational database that includes these parameters, as well
as the ability to investigate novel cardiac and renal injury
biomarkers, would help address this knowledge gap and add
substantially to our current appreciation of AHFS. Results
could then be used as a guide to define clinical profiles and
guide short-term management (Table 3).4,21 Nitrates, for
example, might be used in higher relative doses to diuretics in
the hypertensive profile, or ultrafiltration could be used in the
diuretic-resistant patient.207,208 Conversely, inotropic agents
should be considered in the rarer cases of advanced/lowoutput HF. Several different profiles have been suggested for
future subcategorization.5,21 The European Society of Cardiology66 suggests that patients can be categorized into 6
possible profiles, with overlap between categories: (1) worsen-
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Table 2.

Summary of Previous AHFS Clinical Trials From the Past Decade

Study Acronym
VMAC

November 9, 2010

Year of
Publication
2002

240

Primary End Point
Coprimary
1. Change in PCWP at 3 h

Key Secondary End Points
PCWP at 24 h, dyspnea at 24 and
48 h, global clinical status

2. Change in dyspnea (Likert) at 3 h
OPTIME-CHF241

2002

Cumulative days of hospital stay for cardiovascular cause or days
dead within 60 d after random selection

Proportion of cases in which therapy
failed because of adverse events or
worsening heart failure (sustained
SBP ⱖ80 mm Hg, myocardial
ischemia, arrhythmias, persistent
CHF, inadequate diuresis, organ
hypoperfusion), HF score, global
health (VAS)

ESCAPE118

2005

Days alive and out of hospital during the first 6 mo

Adverse events related to catheter
use, 6-min walk duration, QOL via
time trade-off, and MLHF

VERITAS242

2007

Coprimary

Death or major cardiovascular
events at 30 d; improved
hemodynamic measures over 24 h;
LOS; days hospitalized within 30 d;
6-mo mortality

1. Change in dyspnea (at 3, 6, and 24 h with VAS 0–100) over
24 h (area under the curve)
2. Death or worsening heart failure (pulmonary edema, shock,
new or 1 intravenous therapy, mechanical cardiac or
pulmonary support, renal replacement therapy) at 7 d
SURVIVE243

2007

REVIVE-II244

Not yet published
(presented 2005)

All-cause mortality at 180 d

All-cause mortality at 31 d; days
alive or out of hospital at 180 d;
cardiovascular mortality at 180 d;
change in BNP level at 24 h;
dyspnea at 24 h; patient-assessed
global assessment at 24 h

Composite of clinical signs and symptoms of HF over 5 d
expressed as 3-stage end point:

Change in BNP; mortality at 90 d

1. Better (moderately or markedly improved global assessment at
6 h, 24 h, and 5 d with no worsening)
2. Same
3. Worse (death from any cause, persistent or worsening HF
requiring intravenous diuretic agents, vasodilators, or
inotropes at any time; or moderately or markedly worse
patient global assessment at 6 h, 24 h, or 5 d)
EVEREST80,245

2007

Short-term composite: changes in global clinical status (by VAS)
and body weight at day 7 or discharge. Long-term dual end
points:
1. All-cause mortality (superiority and noninferiority)
2. Cardiovascular death or HF hospital stay (superiority only)

ASCEND-HF

246

Enrolling

Coprimary
1. Composite of all-cause mortality and HF repeat hospital stay
through 30 d

Composite components in isolation
at days 1 and 7 or discharge;
dyspnea at day 1; peripheral edema
at day 7 or discharge; KCCQ at 1
wk and 6 mo; body weight; changes
in serum sodium
Overall well-being (Likert) 6 and 24 h;
days alive and outside of hospital
within 30 d

2. Dyspnea at 6 and 24 h
PROTECT I and II247

Completed,
presented 2009
not yet published

Composite of clinical signs and symptoms of HF over 7 d
expressed as 3-stage end point:

Safety; within trial costs

1. Better (moderately or markedly improved global assessment at
24 and 48 h with no worsening)
2. Same
3. Worse (death from any cause, persistent or worsening heart
failure through day 7, or creatinine increase ⱖ0.3 mg/dL at 7
and 14 d)

PCWP indicates pulmonary capillary wedge pressure; SBP, systolic blood pressure; CHF, congestive heart failure; QOL, quality of life; MLHF, Minnesota Living with
Heart Failure Questionnaire; VAS, Visual Analog Scale; LOS, length of stay; BNP, b-type natriuretic peptide; and KCCQ, Kansas City Cardiomyopathy Questionnaire.
Adapted from Allen et al,198 with permission from Elsevier. Copyright 2009, American College of Cardiology.
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Presenting Profiles in Emergency Department Patients With AHFS

Clinical Presentation

Incidence*

Characteristics

Elevated BP
(⬎160 mm Hg)

⬇25%

Predominantly pulmonary (radiographic/clinical) with or
without systemic congestion. Many patients have
preserved EF

Target: BP and volume management

Normal or moderately
elevated BP

⬇50%

Develop gradually (days or weeks) and are associated
with systemic congestion. Radiographic pulmonary
congestion may be minimal in patients with
advanced HF

Target: volume management
Therapy: loop diuretics⫾vasodilators

Low BP (⬍90 mm Hg)

⬍8%

Mostly related to low cardiac output and often
associated with decreased renal function.

Target: cardiac output

Rapid onset. Primarily complicating acute MI, fulminant
myocarditis, acute valvular disease.

Target: improve cardiac pump function

Abrupt onset. Often precipitated by severe systemic
hypertension. Patients respond readily to vasodilators
and diuretics.

Target: BP, volume management

⬇25% of ACS
have HF
signs/symptoms

Rapid or gradual onset. Many such patients may have
signs and symptoms of HF that resolve after resolution
of ischemia.

Target: coronary thrombosis, plaque stabilization,
correction of ischemia

Isolated right HF from
pulmonary HTN or
intrinsic RV failure (eg,
infarct) or valvular
abnormalities (eg,
tricuspid valve
endocarditis)

?

Rapid or gradual onset due to primary or secondary PA
hypertension or RV pathology (eg, RV infarct). Not well
characterized with few epidemiological data.

Target: PA pressure
Therapy: nitrates, epoprostenol,
phosphodiesterase inhibitors, endothelin-blocking
agents, coronary reperfusion for RV infarcts,
valve surgery

Postcardiac surgery HF

?

Occurring in patients with or without previous
ventricular dysfunction, often related to worsening
diastolic function and volume overload immediately
after surgery and the subsequent early postoperative
interval. Can also be caused by inadequate
intraoperative myocardial protection resulting in cardiac
injury.

Target: volume management, improve cardiac
performance (output)
Therapy: diuretic or fluid administration (directed
by filling pressures and cardiac index), inotropic
support, mechanical assistance (IABP, VAD)

Cardiogenic shock

Flash pulmonary
edema
ACS and AHFS

⬍1%

3%储

Targets† and Therapies‡
Therapy: vasodilators (eg, nitrates§, nesiritide,
nitroprusside) and loop diuretics

Therapy: inotropes with vasodilatory properties
(eg, milrinone, dobutamine, levosimendan);
consider digoxin (intravenous and/or
orally)⫾vasopressor medications⫾mechanical
assist devices (eg, IABP)
Therapy: inotropes⫾vasoactive
medications⫾mechanical assist devices,
corrective surgery
Therapy: vasodilators, diuretics, invasive or NIV,
morphine¶

Therapy: reperfusion (eg, PCI, lytics, nitrates,
antiplatelet agents)

ACS indicates acute coronary syndromes; AHFS, acute heart failure syndromes; EF, ejection fraction; HTN, hypertension; IABP, intraaortic balloon pump; MI,
myocardial infarction; NIV, noninvasive ventilation; PA, pulmonary artery; RV, right ventricle; VAD, ventricular assist device.
*Of all AHFS admissions.
†Treating etiology or precipitant is of equal of greater importance (eg, arrhythmia, ACS, infection).
‡Represents initial therapies for early management and should be tailored to each patient’s unique presentation.
§Probably preferred in patients with ACS or history of CAD.
储Its incidence may be related to the definition used (clinical vs radiographic).
¶Avoid if retaining CO2.
Data from Gheorghiade and Pang4 and Gheorghiade et al.58

ing or decompensated chronic HF, (2) cardiogenic pulmonary
edema, (3) hypertensive AHFS, (4) cardiogenic shock, (5)
isolated right HF, and (6) AHFS with ACS.66 Although specific
goals for each phenotype have not been well-established, increasing evidence suggests that hypotension and tachycardia
should be avoided, especially in patients with coronary artery
disease.209,210 Whether management by profile leads to improved short- or long-term outcomes versus current management
requires further study before broad implementation.
Importantly, clinical profiles may not take into account the
underlying substrate or etiology of the patient’s chronic HF. For

example, a common clinical profile is hypertensive HF, but
should the presence or absence of systolic dysfunction or
coronary artery disease further refine management? It has
recently been suggested that patients be further classified according to the ACC/AHA stages of HF (Table 4).5,211 These stages
account for the underlying substrate and promote certain therapeutic options and considerations but whether this is important
to consider in the early phase of management is not known.
Further, detailed echocardiographic data regarding cardiac structure and function may not be available on all patients, limiting
the feasibility of directing therapy based on HF stages.
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Table 4.

ACC/AHA Stages of Heart Failure

A: At high risk for HF but without structural heart disease or symptoms
of HF
B: Structural heart disease but without signs or symptoms of HF
C: Structural heart disease with prior or current symptoms of HF
D: Refractory HF requiring specialized interventions

Novel Risk Stratification: Low-Risk, Not
High-Risk Markers Are Necessary
Previous and ongoing research continues to identify individual
markers of high risk associated with adverse events. The
recurrent theme is obvious— hypotension, hyponatremia, renal
dysfunction, increased troponin levels, and elevated natriuretic
peptides all portend a poor prognosis.12,31,34,103,104,107,126,142,212,213
Unfortunately, markers of high risk rarely impact acute decision
making, especially when prognosticating for events 6 to 12
months in the future. Although we know that these markers
identify patients at risk for subsequent events, how does this
impact disposition decisions? When risk is not immediate (ie,
in-hospital morbidity or mortality), such markers have little
bearing on the administration of acute therapy or the triage level
for inpatient care. Stated another way, when emergency physicians are already admitting 4 of every 5 patients with AHFS to
the hospital, will markers of high risk really alter practice
patterns? Such data may prompt initiation of life-saving therapies such as ␤-blockers or ACE inhibitors before hospital
discharge, but these efforts would only modify intermediate- to
long-term risk.
In essence, the absence of high-risk markers does not, by
default, define a low-risk patient. Decision making for this
large cohort of patients without high-risk features (ie, those
with normal troponins, serum sodium, and renal function) has
not been well studied. Can they be safely discharged directly
from the ED or should they be managed in an observation
unit? What if they have poor social support or lack access to
timely outpatient follow-up? Biomarkers have emerged over
the past decade as an effective means of stratifying patients
with AHFS and, to varying degrees, may be useful for determination of immediate or short-term risk. According to Morrow
and de Lemos for a biomarker to be clinically useful it must meet
the following 3 criteria: (1) accuracy on repeated measurements
and available at a reasonable cost, (2) provision of additional
information not already available from careful clinical assessment, and (3) the measured level should aid in decision making.214 Millions of dollars are spent and many papers are
published in an attempt to delineate criteria 1 and 2; however,
when 80% of patients are ultimately admitted, it appears that few
if any AHFS prognostic biomarkers have fulfilled criteria 3 in
terms of risk stratification. We clearly need to identify sensitive,
meaningful markers with strong negative likelihood ratios that
can identify patients who are truly at low risk for adverse events
and can be safely discharged home.

Predictive Instruments May Be the Answer
Although physicians and nurses exhibit intermediate accuracy
for prediction of postdischarge death, their ability to estimate
other metrics of risk such as need for subsequent rehospitalization is poor.215 Given the heterogeneity of the AHFS population,

it is unlikely that any single biomarker will supersede others to
such a degree that it will be the sole discriminator of discharge
eligibility. Predictive instruments represent the most likely
method of successfully defining low-risk AHFS patients. “Medical decision making” is the science of statistically examining
detailed clinical data to develop mathematical models or predictive instruments to guide appropriate clinical care of patients
with complex diseases.216 –219 By accounting for commonly
overlooked factors such as socioeconomic status and healthcare
access, such predictive instruments can reduce the margin of
error and increase the likelihood that clinicians will successfully
identify those who are truly at low risk. Because such predictive
instruments are meant to aid, not replace, clinical decisions, they
can complement the often relied on gestalt approach to patient
care, supporting (or refuting) physician beliefs regarding stability for outpatient management. An example of the potential
utility of an AHFS predictive instrument was recently published
by Hsieh and colleagues. They retrospectively analyzed an
administrative database to derive and validate a predictive
instrument that identified 19.2% of AHFS patients at low risk for
30-day adverse events.109 Their validated model incorporated
vital signs, renal function, white blood cell count, and glucose as
risk predictors. Events were infrequent in the low-risk cohort
with inpatient mortality, in-hospital complication, and 30-day
mortality rates of 0.7%, 1.7%, and 2.9%, respectively.
These results notwithstanding, a prospectively derived, multicenter, ED risk stratification model for patients with signs and
symptoms of HF is needed. Data suggest that emergency
physicians would be comfortable discharging a patient if there
was a combined overall risk of in-hospital events or 30-day
mortality of ⬍2%.220 Prospectively performed studies collecting
ED-based data are needed to confirm preliminary findings and
facilitate safe, early ED discharge. Such an approach, which is
the focus of 2 ongoing National Heart, Lung, and Blood Institute
grants being directed by emergency medicine investigators,223
has proven effective at safely decreasing admissions for low-risk
patients with other disease processes such as acute coronary
syndromes222–224 and community-acquired pneumonia.225–227 Inherent to this is the need to alter risk-stratification standards from
prediction of remote adverse events (eg, 90 days, 1 year), which
are highly dependent on subacute to chronic care and patient
behavior, to those which occur sooner (eg, within 14 days) and
are more likely to be associated with the patient’s acute HF
episode.106,142,145,228 –232 Similar to the use of repeat troponin
measurement or assessment of myocardial viability for acute
coronary syndromes,224 incorporation of objective, evidencebased end points into evolving predictive instruments will
provide important information regarding near-term risk that
could, at last, be appropriately used in the acute setting to
identify AHFS patients who are safe for early ED, observation
unit, and hospital discharge.

ED Enrollment of Patients With AHFS
It has become clear that there are many unanswered questions
regarding ED care of the patient with AHFS. Evidence-based
guidelines are needed for diagnostic, therapeutic, and disposition
decision making. To conduct the clinical trials necessary to
develop the foundation for an adequate evidence base, researchers will have to enroll patients early in their AHFS presentation,
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while they are still in the ED. Some view the ED as too chaotic
of an environment to successfully screen, consent, and enroll
patients. This is often the reason identified as the primary barrier
to conducting clinical trials in the ED.3 However, this has been
found to be largely untrue. Careful planning is necessary so that
identification and enrollment in the ED is followed by transition
of the patient to an inpatient research team that assumes or shares
the trial duties with the ED team. An example of this team
approach is the Emergency Management and Research Group in
Acute Heart Failure (EMERG-HF).3 This model, in general,
uses 2 physicians to lead an interdisciplinary team of emergency
physicians, cardiologists, research nurses, study coordinators,
and research assistants. The emergency medicine team is responsible for screening, consenting, and performing randomization,
as well as providing the initial care and data collection. Although
dependent on bed availability, when the patient is admitted to the
hospital, the care and trial responsibilities are transferred to the
cardiology team.
Depending on departmental research infrastructure, there
are a few different ED methods of screening and enrolling
patients. One cost-efficient process of enrollment uses study
assistants to perform the initial screening. Once the patient
passes initial screening, the study team (nurse and/or physician) is activated to complete the screening process and
consent and enroll the patient. Another alternative is to have
a research nurse perform both screening and enrollment. This
model is usually used when there are multiple research
protocols going on simultaneously, allowing the research
nurse to screen for more than one trial, and maximizing
opportunities for enrollment.
Another issue to consider is a patient’s capacity to provide
informed consent, which may impede enrollment depending on
the severity of the acute illness. However, these issues are
surmountable with proper planning before trial initiation. Over
the past decade processes for satisfying regulatory requirements
have gone through rigorous review and are now well developed.3,83,170,221 In extreme cases, when a patient’s decision
making capacity is expected to be so impaired as to impede the
consenting process, exception from informed consent may be
necessary. Exception from informed consent requires significant
resource allocation to obtain community input regarding the
trial, but allows inclusion of patients who otherwise could not be
enrolled.
Successful ED enrollment requires a coordinated effort involving the physicians, nurses, and study assistants of both
emergency medicine and cardiology. Delineation of responsibilities and coordination of an on-call schedule for the study team
is critical for success. These processes often require several
weeks of meetings before trial commencement. However, once
the infrastructure is put into place, it can be easily adapted from
one trial to the next.

Summary
The economic burden of HF and AHFS on the healthcare system
continues to increase. The vast majority of patients hospitalized
for AHFS present to the ED. As a result, emergency medicine
physicians have become the gatekeepers for patients with AHFS.
It is clear there are many unanswered questions about the
optimal workup, treatment, and disposition of the ED patient
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Table 5. A Comparison of Characteristics, Pathophysiologic
Targets of Therapy and Evidence in Management of Patients
With ACS and AHFS

Incidence

ACS

AHFS

1 million/y

1 million/y

Mortality
Prehospital

High

?

In-hospital

3%–4%

3%–4%

2%

10%

60–90 d
Targets of therapy

Clearly defined-thrombosis

Unclear

Clinical trial results

Beneficial

Minimal, no benefit, harmful

ACC/AHA Guidelines

Level A

Minimal level A/B, mostly C

with AHFS. Although there have been significant life-sustaining
advancements in the outpatient management of chronic HF, with
the exception of natriuretic peptide testing, there have been no
significant breakthroughs in AHFS care in the past several
decades. Despite the profound heterogeneity in AHFS presentations, therapeutic options for patients with AHFS have remained
largely unchanged during this time period; AHFS therapy
continues to focus on fluid removal with intravenous diuretics.
Even though this produces early and sustained improvement in
symptoms in the majority of ED patients with AHFS, its
downstream impact on renal and myocardial function, hemodynamics, and short-term outcomes has not been rigorously studied
in the acute setting.
Several possible reasons exist for the lack of improvement in
AHFS care and the disappointing results of clinical trials.3
However, a common link among all of these trials has been a
universal paucity of ED enrollment. Although acute therapy and
symptomatic improvement occurs in less than 6 hours in the vast
majority of patients, patients are typically randomly assigned to
therapeutic trials long after this time.83 Initial therapy remains
largely unaccounted for in trial design despite its impact on
symptoms and its association with untoward events such as renal
insufficiency and hypotension.7,89 –91 Disease management programs have targeted the high-risk hospitalized patient, but have
failed to enroll the ED patient who may be discharged home,
where socioeconomic barriers are also prevalent and result in a
high 30-day recidivism.230,233
ED patients have not been enrolled in AHFS trials largely
because of a misconception about the inability to enroll patients
in the ED early in their course of therapy. This view has been
found to be largely inaccurate. Emergency physicians have a
track record of enrolling complex patients in a variety of
therapeutic trials for ACS, major trauma, acute ischemic stroke,
and recently AHFS.72,203,234 –236 This critical momentum needs to
continue through partnerships with cardiology, which will ensure continuity in clinical trial management and improvement in
AHFS care as patients transition from the ED through hospitalization to hospital discharge. These collaborations need to begin
at the local level and extend to national and international trial
design and conduct.
Our current approach to AHFS is similar to the approach
to ACS preceding the understanding of coronary artery
pathophysiology (Table 5). Elucidation of the pathophysiology, in conjunction with ED-based intervention trials of
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thrombolytic therapy and angioplasty, has resulted in a
marked improvement in patient outcomes.237–239 Our diagnostic, treatment, and disposition decision making has
changed dramatically over the past 20 years, resulting in
many patients with low-risk ACS features being evaluated
and discharged either directly from the ED or after a brief
stay in an ED-based observation unit. Given the complexity of AHFS patients, the pathophysiologic target is likely

multifactorial, but we need a systematic approach to
understanding the interaction between AHFS management
decisions and their impact on outcomes. As the number of
patients with HF and AHFS continues to grow, it is
imperative that ongoing therapeutic trials and management
strategies address the significant knowledge gaps that
currently exist in AHFS care if we expect to deliver
evidence-based care and improve clinical outcomes.
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