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I. Scope of the problem

Heart failure is a worldwide problem and is responsible for a tremendous cost to the
healthcare system.* The American Heart Association estimates that nearly 5 million individuals
are living in the United States with congestive heart failure.? Approximately 550,000 new cases
are diagnosed each year and acute heart failure (AHF) is the most common cause for hospital
admission in patients greater than 65 years of age.? Overall, there are over 1,000,000
admissions to US hospitals for AHF each year, accounting for >6,000,000 hospital days and $12
billion in costs (4). Approximately 80% of patients hospitalized for acute heart failure
syndromes are admitted through the Emergency Department.” Of even greater concern is the
poor prognosis of patients admitted with AHF, with >20% of patients being readmitted with
heart failure (HF) and >20% dying during the first year after admission.” Couple the significant
increase in the aging population and the dramatic decrease in EDs and hospital beds in the US
from 1993 to 2003 (decreased by 425 and 198,000 respectively)4'6, one can expect more
“boarding” of patients forcing emergency physicians to be comfortable with delivering both
acute and ongoing heart failure care.>’

Il. Definitions: Exactly who are we talking about?

A review of the basic pathophysiology of AHF will not be covered here, but it is
important to highlight more recent classifications and terminology adopted by the major
national and international societies regarding heart failure as they directly affect the
management of patients presenting to the ED.” The term “acute heart failure [AHF] syndromes”



emerged from an international workgroup to establish uniform terminology and definitions in
heart failure. The workgroup defined acute heart failure syndromes as the “gradual or rapid
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deterioration in heart failure signs and symptoms resulting in a need for urgent therapy
was incorporated in 2005 by the European Society of Cardiology ® The most recent ACC/AHA

guidelines from 2005 define heart failure as a “complex clinical syndrome that can result from
any structural or functional cardiac disorder that impairs the ability of the ventricle to fill with

or eject blood.”*

The American College of Emergency Physicians Clinical Policies Committee
reviewed the current terminology and definitions and agreed to use the term “acute heart

failure syndromes” in their updated guidelines in 2007.*

More recently, two separate categories of AHF syndromes have been adopted by the
European Society of Cardiology in their guidelines on the diagnosis and treatment of AHF.*™°
The first is termed acute decompensated cardiac failure. Patients have progressive, relatively
slow (days to weeks) deterioration of chronic heart failure that is typically attributed to non-
compliance with medications or dietary indiscretions or myocardial dysfunction.” These
patients are typically fluid-overloaded, benefiting from diuretic therapy, fluid restriction,
dietary education, pharmacotherapy adjustments or other interventions (such as

revascularization or resynchronization).?

The second is termed acute vascular failure or dysfunction. In comparison, this is a
rapidly progressive condition associated with high blood pressure and severe acute dyspnea, a
common ED presentation in patients with acute heart failure syndromes.” These patients are
most likely symptomatic due to a combination of increased vascular resistance and decreased
cardiac contractility (even in the setting of a relatively good baseline ejection fraction).’
Therefore, these patients have a largely vascular problem and not necessarily a fluid overload
problem. Recent data from registries such as ADHERE suggests that this second category is
actually the most common type of AHF in unselected populations.® Steep increases in afterload
combined with poor systolic function result in an acute increase in left ventricular end-diastolic
pressure and a decrease in cardiac output.” This may explain the presence of pulmonary
congestion despite [only] modest fluid accumulation.’

The above distinctions are important as standard teaching in the US has typically been
that acute heart failure is mainly due to fluid overload (acute decompensated heart failure).
However, in many cases an acute increase in afterload is often the precipitant of AHF in many
patients, leading to the rapid development of pulmonary congestion (acute vascular failure)
without signs and symptoms of systemic congestion (edema). More than 50% of patients
presenting with cardiogenic pulmonary edema can be euvolemic or hypovolemic.3 Therefore,
the key to treatment of AHF in many cases (especially patients with flash pulmonary edema) is
to focus on afterload reduction and fluid redistribution rather than aggressive dieresis.




Circulatory failure can also occur in high output states, such as patients with acute infections,
anemia or thyrotoxicosis..11

lll. Diagnosis

In the majority of cases the diagnosis of AHF is based on a patient’s presenting signs and
symptoms. Concerning symptoms include breathlessness, progressing fatigue, anorexia,
confusion, weakness, and reported cold extremities. Following a thorough history and physical
exam, confirmation and refinement of the diagnosis is made based on further testing including
an electrocardiogram, chest radiograph, and laboratory studies (routine chemistries, blood
gases, specific biomarkers). **

Physical exam

A thorough history and the assessment of mental status, peripheral perfusion, skin
temperature and venous filling pressures are important in the initial evaluation in patients with
suspected AHF syndromes. One study found that age >75, systolic BP <140 mm Hg and the
inability to obey commands on initial presentation to the ED predicted early mortality (<7 days)
in patients with acute cardiogenic pulmonary edema."” Identifying patients in cardiogenic shock
, defined as evidence of tissue hypoperfusion induced by AHF, should be made early in the
evaluation.™ Typically, cardiogenic shock is characterized by reduced systolic blood pressure
(SBP<90 mmHg or a drop of mean arterial pressure >30 mmHg from baseline) and absent or
low urine output (<0.5 mL/kg/h).!*

The cardiovascular exam should focus on identifying murmurs or the presence of a third
or fourth heart sound (S3,54). An S3 is highly specific (99%) for congestive heart failure, and is
almost never associated with other conditions.*® Aortic stenosis or insufficiency is important as
these patients are preload dependent and may have significant hypotension if vasodilator
therapy is used. The presence of jugular venous distention (often seen with elevated right heart
filling pressures), hepatojugular reflux and peripheral edema and tachycardia > 120 beats per
minute are also important criteria for diagnosing CHF based on Framingham Studies.”® On
pulmonary exam the presence of increased work of breathing, bilateral rales or crackles and
diminished breath sounds (suggestive of pulmonary effusion) usually indicates elevated left
heart filling pressures.**

Diagnostic studies

Recommendations for specific testing are largely based on expert consensus opinion
rather than well documented evidence.'!



1. Electrocardiogram (ECG)

An ECG is an essential test to perform early in the ED setting. The electrocardiogram is
more useful for examining the cause or precipitant of heart failure rather than for diagnosing
AHF syndromes. The presence of atrial fibrillation has a high positive likelihood ratio (3.8) for
diagnosis of heart failure and new t-wave changes are also associated with the diagnosis of
heart failure (+LR 3.0)."

2. Chest radiograph

A chest X-ray should be performed early for all patients with suspected AHF to assess
the degree of pulmonary congestion and to evaluate other pulmonary or cardiac conditions
(cardiomegaly, effusion, or infiltrates). ** While a 2 view upright posterior-anterior and lateral
provides better visualization, clinicians may be limited to performing a portable or supine film
(if intubated) in an acutely ill patient. Radiographic signs of congestion such as cephalization,
interstitial edema, and alveolar edema are highly specific (96%, 98%, and 99%, respectively) for
acute heart failure syndromes but have low sensitivity (41%, 27%, and 6%, respectively).’’” A
recent study found that ED physicians are excellent at identifying CHF on X-ray when present
but under-call it frequently (specificity 96%, sensitivity 59%).'® However up to 18% of ED
patients with acute heart failure syndromes will have no findings of congestion on chest
radiographs (especially in patients with late-stage heart failure despite elevated wedge
pressures)'’ reiterating the point that no single test can “rule in” or “rule out” AHFS."

3. Bedside ED Echocardiography

Additional testing may include bedside echocardiography to estimate an ejection
fraction or to evaluate for possible wall motion abnormalities suggesting an acute coronary
syndrome. Studies on the use of bedside ultrasound (US) in the ED setting have shown good
correlation of wall motion and ejection fraction with definitive testing.’%** Bedside thoracic US
for B-lines (suggest thickened interstitial or fluid-filled alveoli seen commonly in CHF patients)
as markers of CHF alone or in combination with natriuretic peptide levels can assist with the
diagnosis of CHF.?* However, these more advanced echocardiography skills may be beyond the
scope of many practicing ED physicians.

4. Laboratory testing
Arterial blood gas

An arterial blood gas enables assessment of oxygenation (p02), respiratory function
(pCO2), and acid—base balance (pH) in patients with severe respiratory distress.'* A venous
blood gas to assess for hypercapnia and acidosis may be a reasonable alternative in critically ill
patients as it may be obtained more quickly with IV placement (or drawn from pre-hospital



placed IV), rather than the more invasive, painful and often more difficult to obtain arterial
blood gas. Findings of acidosis (due to poor tissue perfusion) or CO2 retention are associated
with a worse prognosis.™* Non-invasive measurement with pulse oximetry can often replace
arterial blood gas analysis but clinicians should remember that it is unreliable in very low output
syndromes or vasoconstricted, shock states. 1

Chemistries

A low sodium, elevated blood urea-nitrogen (BUN) and creatinine, and anemia
(Hemoglobin < 12mg/dL in men and <11gm/dL in women) are associated with adverse

outcomes in patients with AH F.123

Cardiac enzymes including a troponin level should be
considered in patients with suspected acute coronary syndromes based on history and initial

ECG findings.
Natriuretic peptides

The myocardium produces natriuretic peptides, which have diuretic, natriuretic and
vascular smooth muscle relaxing properties and are released in response to wall stretch,
ventricular dilatation and/or increased filling pressures.24 Over the past 10 years the
measurement of B-type natriuretic peptides (BNP and NT-proBNP) has steadily increased in the
ED and ICU setting. They have a reasonably high negative predictive value for excluding AHF.*!
One of the largest studies was the Breathing Not Properly study of 1586 patients presenting to
the ED with shortness of breath, finding a BNP cut-off value of <100pg/mL having a sensitivity

2526 Eurthermore a

of 90% for differentiating heart failure from other etiologies of dyspnea.
value <50pg/mL had a negative predictive value of 96%. While no consensus exists
internationally regarding the reference values for BNP and NT-proBNP, recent amended ACEP

2007 guidelines are listed here:?

Level B recommendations. The addition of a single BNP or NT-proBNP measurement can
improve the diagnostic accuracy compared to standard clinical judgment alone in the diagnosis
of acute heart failure syndrome among patients presenting to the ED with acute dyspnea.

@ BNP <100 pg/mL or NT-proBNP <300 pg/mL acute heart failure syndrome unlikely
(Approximate LR-=0.1)

@ BNP >500 pg/mL or NT-proBNP >1,000 pg/mL acute heart failure syndrome likely
(Approximate LR+=6)

BNP and NT-proBNP appear to be equally sensitive and specific for diagnosing AHF.?’
However, while studies have shown a theoretical improvement to the accuracy of HF

diagnosis in the ED with BNP testing, a recent large study found that availability of BNP levels

did not significantly improve the accuracy of a clinical diagnosis of HF.? In other words, the ED



physician’s clinical suspicion (based on medical history and physical examination) appears
overall as accurate in diagnosing a patient with AHF as a single BNP level.?® Amazing! BNP levels
appear most helpful in patients with an intermediate or low pretest probability of AHF and the
test results are either very high or very low."’

Clinicians should also be careful in interpreting natriuretic peptide levels as they can be
affected by age, sex, body mass index and many underlying medical conditions.'” Natriuretic
peptide levels have an inverse relationship with body mass index, a finding that may be related
to an increase in clearance receptors in adipocytes in obese patients (BMI>3Okg/meter2).30
Future study is needed as no specific changes in cut-off parameters have been recommended
by major medical specialties for BNP and NT-proBNP in obese patients. Patients with flash
pulmonary edema may not have elevated levels because they are often evaluated before
natriuretic peptides are released from the left ventricle.*® Because the half-lives of BNP and
NT-proBNP are relatively short (BNP= 23 minutes, NT-proBNP= 60-120 minutes) the time
needed to reflect meaningful changes in hemodynamic status is approximately 2 hours for BNP
and 12 hours for NT-proBNP.3! Patients with acute mitral regurgitation®? due to papillary
muscle rupture®® may also have lower than expected levels as the heart failure is located “up-
stream” from the left ventricle.*

Conversely, many disease processes can cause significantly elevated BNP levels.>* Levels
can be elevated in patients with acute coronary syndromes, atrial fibrillation, hypoxemia and
various hyperdynamic states, including sepsis, hyperthyroidism, and cirrhosis. They can also be
elevated with right ventricular dysfunction as a result of pulmonary embolus, pulmonary
hypertension, or severe lung disease (COPD).* Levels may also be elevated due to renal
dysfunction and advanced age.' Clinicians should be aware that NT-proBNP is primarily cleared
by the kidneys, and plasma concentrations are greatly elevated by renal failure.*' Therefore,
interpreting NT-proBNP levels in the setting of renal insufficiency or failure is difficult, and in
many of the larger clinical trials, subjects with elevated creatinines were not included in data
sets.>! Women tend to have higher levels than their age-matched male counterparts.*

Elevated BNP and NT-proBNP on admission are important for risk stratification in
patients with congestive heart failure.'* Measurement of BNP or NT-proBNP may also assist the
clinician in prompting further evaluation for other conditions when a low or normal BNP level is
found.



Troponin

An elevated troponin is seen in up to 40% of patients admitted for acute
decompensated
heart failure present.™* In addition to aiding in diagnosis of possible acute coronary syndrome
as a precipitant of AHFS, an elevated cardiac troponin | level appears to be a predictor of 30-day
and 1-year mortality.** In the ADHERE trial, a combination of a BNP above the median (> 840
pg/mL) with increased troponin was associated with twice the in-hospital mortality compared
with patients with solely elevated BNP.*

5. Invasive monitoring

The indications for arterial line catheter placement are the need for either continuous
analysis of arterial blood pressure due to hemodynamic instability (i.e. hypotension or
cardiogenic shock requiring inotropic support) or the need for frequent arterial blood samples
(i.e. intubated patient).!! Central venous lines (CVL) placemen are useful for the delivery of
fluids and drugs, and monitoring of the central venous pressure (CVP) and venous oxygen
saturation (SVO2), which provides an estimate of the body oxygen consumption/delivery ratio
but are not mandatory in all patients with AHFS syndromes."* The insertion of a pulmonary
artery catheter (PAC) for the diagnosis of AHF is usually unnecessary in the acute ED setting, but
may be useful in hemodynamically unstable patients who are not responding as expected to
traditional treatments.*!

IV. Treatment

Treatment and diagnosis of AHFS often proceeds in parallel. The cornerstone of initial
resuscitative efforts remains airway management, support of breathing, and circulatory support
, especially in dramatic presentations of AHFS (e.g. flash pulmonary edema or cardiogenic
shock).'® In addition to symptom improvement, prevention of myocardial or renal injury,
decreased coronary perfusion, increased heart rate, and/or further neurohormonal activation is
critical, requiring close monitoring of heart rate, cardiac rhythm, and blood pressure.'® Other
life threatening conditions requiring timely intervention, such as ST-elevation MI, arrhythmias,
or aortic vascular catastrophes (dissections) should be promptly identified and managed
according to established guideline and protocols.®

In the published acute heart failure trials, many agents have been shown to improve
hemodynamics but no agent has been shown conclusively to reduce mortality.'®Potential
limitations in these trials include the heterogeneous populations studied and the delay
between hospital presentation (ED setting where a significant portion of AHF care is initiated)
and therapeutic intervention of the study (study drug often started after admission from the ED
or patients in ED excluded for various reasons from studies).*®



Ventilatory support

In patients not maintaining oxygen saturations >95% with oxygen supplementation
(>90% in patient with COPD), additional ventilatory support will be required.' The main priority
in patients presenting with AHF syndromes with acute respiratory failure is to achieve adequate
oxygenation levels to prevent organ dysfunction and the onset of multiple organ failure.*!
Numerous randomized trials have evaluated the application of non-invasive ventilation (NIV) by
continuous positive airway pressure (CPAP), Bi-PAP, or non-invasive pressure support
ventilation (PSV) for the treatment of patients who fail to respond to standard medical
treatment and require respiratory assistance for severe respiratory failure due to acute
cardiogenic pulmonary edema ( ACPE).' The addition of NIV to standard treatment has been
shown to result in rapid improvements in gas exchange, lung mechanics, work of breathing, and
in left ventricle afterload reduction.llMuItipIe studies have shown that Pa02, FiO2, pH, RR, HR,
and SpO2 improve with NIV.** A small number of studies have also observed that nPSV may be
more effective than CPAP to unload respiratory muscles in ACPE, showing a more rapid
improvement in gas exchange with nPSV in hypercapnic patients.>® Three meta-analyses
reported that early application of NIV in patients with acute cardiogenic pulmonary edema

37-39

reduces both the need for intubation and short-term mortality. However, in 3CPO, a large

randomized control trial, NIV improved clinical parameters but not mortality.*

Based on available studies, ACEP recommends CPAP (Level B) or BiPAP (level C) in acute
heart failure syndromes in the ED.? The lower recommendation for BiPAP is based on one study
showing BiPAP having a trend toward a higher rate of myocardial infarction as defined by
elevated cardiac markers.” The reasons for the potential excess of myocardial infarction with
bilevel ventilation were not immediately apparent; patients’ numbers were small (only 27

4243 More patients with chest pain

patients total) and there were many confounding factors.
were randomized to BiPAP than CPAP (10 vs. 4 respectively) and a larger number had a left
bundle-branch block at the time of study entry, making it unclear as to whether the infarctions
preceded or were a consequence of therapy.*’ Two patients in the BiPAP group also had
increased creatine kinase MB fractions at the time of study entry, and a number of patients had
creatine kinase concentrations that peaked within 12 hours of study enrollment, suggesting
that their myocardial infarctions were already underway before enrollment into the BiPAP
study group.** As far as an explanation for the reported increase, some authors have suggested
that it could be a function of more rapid correction of PaCO2 values with potential coronary
vasoconstriction and asynchrony between patient and bilevel ventilator, which could induce
adverse physiological changes.®* The authors of the study also suggest that the significantly
lower systemic BP in the bilevel positive airway pressure group seen early after the initiation of



therapy raises the possibility that a relative decrease in myocardial perfusion could have
extended areas of incipient infarction.**

Subsequent studies comparing BiPAP with CPAP in patients presenting with pulmonary
edema and acute respiratory failure of heterogeneous causes failed to demonstrate an increase
in Ml or mortality in patients receiving BiPAP.” Two additional studies have directly compared
CPAP and BiPAP for patients with acute heart failure syndrome and neither modality was found
to be superior to the other.***

The ESC recommends initiating NIV (CPAP) with a positive end-expiratory pressure
(PEEP) of 5-7.5 cm H20 and titrated to clinical response up to 10cm H20 with Fi02 delivery
>40%. Duration will be based on clinical response or more specifically until a patient’s dyspnea
and oxygen saturation remain improved without NIV. Contraindications to NIV include patients
who have an obvious immediate need of endotracheal intubation due to progressive life-
threatening hypoxia or those who cannot cooperate (unconscious patients, severe cognitive
impairment, or overwhelming anxiety).'* Potential complications of NIV include worsening of
severe right ventricular failure, anxiety or claustrophobia, pneumothorax or aspiration.**
Overall the success of noninvasive ventilator support is largely based on the skills of the medical
team, physician experience and time to application in treating patients with acute respiratory
failure. Objective measures to determine the need for mechanical ventilation can include
persistent hypoxia (Sa02 < 90) despite supplemental oxygen, hypercarbia (PaCO2 > 55 mm Hg),
and acidosis (pH < 7.25).4%%

Morphine Sulfate

Opioids have been used for the management of congestive cardiac failure and acute
pulmonary edema for centuries, but there is little definitive evidence that they improve
morbidity or mortality.*® On the contrary, a large study published in 1999 stated otherwise,
finding opioid use was associated with higher intubation and intensive care admissions rates.*’
Therefore, the routine use of opioids in the management of AHFS appears to be unjustified and
is no longer recommended.’” The use of morphine in the management of AHFS was not
addressed in the ACEP 2007 guidelines.

Bronchodilators

A large study of more than 10,000 patients from the Acute Decompensated Heart
Failure National Registry Emergency Module evaluated the effects of bronchodilators during
acute treatment (prehospital setting or in the ED). The use of bronchodilators in patients who
did not have a history of COPD was associated with a greater need for ““aggressive
interventions,” including mechanical ventilation and the need for IV vesodilators.®® It is unclear
if the bronchodilator use was causing adverse outcomes or was perhaps a marker of sicker
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patients. A recent review of the literature on the use of bronchodilators patients with heart
failure found no increase in clinically significant dysrhythmias or cardiac ischemia but did not
report specifically on clinical outcomes including mortality, length of hospital stay or self-
reported symptom scores.” Further research is needed to answer these guestions.

Vasodilators

Vasodilators are recommended early in the treatment of AHFS. Improvement in
pulmonary congestion occurs due to decreased left- and right-heart filling pressures, lowered
systemic vascular resistance, resulting in improved dyspnea.’* Caution is recommended in
patients with a systolic BP between 90-110mm Hg as hypotension may develop after initiation of
therapy.'! A second category of patients who may develop significant hypotension from
vasodilator therapy are patients with aortic stenosis. Multiple studies have shown an association
between the use of high dose nitrates and improved clinical outcomes in acute decompensated
heart failure,so"54 including lower rates of endotracheal intubation, need for BiPAP, and ICU
admissions with relatively few adverse events.> Alternatives to intravenous vasodilators include
nitroglycerine spray of 400 mcg (2 puffs) every 5-10 min, buccal nitrate (isosorbide dinitrate 1 or
3 mg), or 0.25-0.5 mg sublingual nitroglycerine.™ Topical nitrates (nitropaste) may be less
effective than oral and intravenous routes due to patient diaphoresis and the nature of

transdermal absorption.’

Nitrates are not recommended in hypotensive patients or patients presently taking
sidenafil or other similar medications for erectile dysfunction due to concerns of a precipitous
drop in blood pressure.” Furthermore, nitrates are generally not recommended in patients with
aortic stenosis or pulmonary hypertension due to their dependence on preload to maintain
adequate perfusion.’

Angiotensin converting enzyme inhibitors (ACEI)

While there have been no large, randomized controlled trials of ACEl use in acute
pulmonary edema, limited data suggest short-term benefit. A series of small studies has
demonstrated that early use of ACE inhibitors in the sublingual (captopril) or intravenous
(captopril, enalapril) formulation are associated with rapid improvements in preload, afterload,
cardiac output, and dyspnea, and perhaps also a significant decrease in need for ICU use and

47,57-63

intubation. Improvements of both hemodynamics and subjective dyspnea can occur within 6 to

12 minutes.” There is no consensus on the ideal timing for initiation of ACE| therapy in AHF, but
registry data suggests that early administration may decrease hospital length of stay.ll’64

In patients with AHFS and pulmonary edema, along with intravenous nitroglycerin, ACEI
can be used in patients with blood pressure >14O/9OmmHg.65 The ACEP Guidelines for acute
heart failure syndromes give a level C recommendation for the use of ACE inhibitors, stating
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they may be used for vasodilation in the initial management of acute heart failure syndromes,
although patients must be monitored for first dose hypotension.2 ACE inhibitors can also be
useful for the hemodialysis patient who presents in pulmonary edema as a bridge to
hemodialysis in the fluid overloaded patient.’

Patients with heart failure and progressing dyspnea and fluid overload ankle or typically
benefit from diuretic and ACE inhibitors. (New York Heart association Class Ill (moderate) or
IV(severe))."® Contraindications for using ACEl include: history of angioedema, bilateral renal
artery stenosis, serum potassium concentration >5.0 mmol/L, serum creatinine >2.5 mg/dL, or a
history of severe aortic stenosis.™

Nesiritide

The Prospective Randomized Outcomes study of Acutely Decompensated Congestive
Heart Failure Treated Initially in Outpatients with Netrecor (PROACTION) trial was an ED-based
study involving nesiritide versus placebo for acutely decompensated congestive heart

failure.®®®’

While the admission rate for acutely decompensated congestive heart failure was
lower in the nesiritide group nonstatistically higher number of deaths in the nesiritide-treated
cohort were seen. A subsequent study showed that administration of nesiritide for acutely
decompensated congestive heart failure was no better than standard therapy alone for the
composite endpoint of return to the ED or hospitalization at 30 days.68 Based on the limited
available ED-based evidence, the routine use of nesiritide for the management of acute

decompensated congestive heart failure in the ED is not recommended.>®

Diuretics

Patients who have decompensated CHF (especially cardiogenic pulmonary edema) have
decreased renal blood flow due to markedly increased afterload, resulting in delays in the
diuretic and preload-reducing effect for between 90 to 120 minutes.”® In patients with
significantly elevated blood pressures, proportional greater use of nitrate therapy with lower
dose diuretic therapy as opposed to low-dose nitrates and high-dose diuretics has been
suggested to improve outcomes.”* Exact dosing and goals of loop diuretics remain largely
empiric as rigorous studies are lacking in the management of AHFS." The recommended initial
dose is a bolus of furosemide 20-40mg intravenously, with a total dose no greater than 100mg
in the first 6 hours.™® Urine output should be monitored frequently to assess initial response to
diuretic therapy®® (excludes ESRD patients who are anuric baseline).

Although hypertensive patients who are aggressively diuresed may appear to initially
improve, they are more likely to develop subsequent dehydration, renal insufficiency, increased
hospital lengths of stay, and higher morbidity rates.”? Clinicians should be careful with
aggressive diuresis in patients with abrupt onset of acute pulmonary edema who do not have
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underlying chronic HF, as they may in fact have low plasma volumes at ED presentation.”* For
example, certain patients may not present with signs of right-sided heart failure (e.g., jugular
venous distention, peripheral edema, and hepatomegaly) and may have baseline volume
depletion due to pressure diuresis.”* Further diuresis may actually exacerbate the underlying
pressure natriuresis and increase stimulation of the renin-angiotensin axis in these “dry failure”
patients.74

Approximately 35% of patients will present with mild, subacute worsening of their
symptoms during several days to weeks, primarily a result of gradual total body fluid overload,
as opposed to respiratory distress from acute hypertension and pulmonary edema.” These
patients benefit from more aggressive diuresis, with a therapeutic goal of relieving congestion
and reducing total body fluid and peripheral edema. Patients with blood pressure in the low to
normal range (90 to 120 mm Hg) may “run out” of blood pressure after initial diuresis, and
should be monitored closely after initial diuretic administration.*’

Inotropes

In the ED setting, inotropic agents are typically indicated in patients with low output
states or in the presence of signs of hypoperfusion (cold, clammy skin, in patients who are
vasoconstricted with acidosis, renal impairment, liver dysfunction, or impaired mentation).
Inotropes may also be considered if congestion persist despite the use of vasodilators and/or
diuretics to improve presenting symptoms. Although inotropes may acutely improve the
hemodynamic and clinical status of patients with AHF, they can cause further myocardial injury
and arrhythmias, leading to increased short- and long-term mortality.'! In patients with
cardiogenic shock, inotropic agents may stabilize patients at risk of progressive hemodynamic
collapse or serve as a life-sustaining bridge to more definitive therapy such as mechanical
circulatory support, ventricular assist devices, or cardiac transplantation.

Dobutamine, acts by stimulation of B1-receptors to produce dose-dependent positive
inotropic and chronotropic effects, initiated with a 2-3 mcg/kg/min infusion rate without a
loading dose. ** Dopamine also stimulates B -adrenergic receptors both directly and indirectly
with a consequent increase in myocardial contractility and cardiac output. Infusion of low doses
of dopamine (<2-3 mcg/kg/min) has been shown to have limited effects on diuresis.** Higher
doses of dopamine may be used to maintain systolic blood pressure, but with an increasing risk
of tachycardia, arrhythmia, and a-adrenergic stimulation with vasoconstriction.'* Both
dopamine and dobutamine should be used with caution in patients with a heart rate >100 beat-
per-minute as alpha stimulation at higher doses may lead to vasoconstriction and elevated
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systemic vascular resistance.'Low-dose dopamine may be combined with higher doses of
dobutamine to achieve improved perfusion and cardiac output.

Phosphodiesterase Inhibitors

Milrinone and enoximone are the two type lll phosphodiesterase inhibitors (PDEIs) that
inhibit the breakdown of cyclic AMP and have both inotropic and peripheral vasodilating
effects.'* Benefits include an increase in cardiac output and stroke volume, as well as a
concomitant decline in pulmonary artery pressure, pulmonary wedge pressure, and systemic
and pulmonary vascular resistance.*Caution should be used with the administration of PDEIs in
patients with CAD, as it may increase medium-term mortality.”

Calcium Sensitizer

Levosimendan is a calcium sensitizer that improves cardiac contractility by binding to
troponin-C in cardiomyocytes and promotes significant vasodilatation mediated through ATP-
sensitive potassium channels and mild PDEI action.™ It increases cardiac output and stroke
volume and reduces pulmonary wedge pressure, systemic vascular resistance, and pulmonary
vascular resistance. More importantly, the inotropic effect is independent of B-adrenergic
stimulation, it represents an alternative for patients on B-blocker therapy.'! Levosimendan
infusion can begin with a bolus dose (3—12 mg/kg) over 10 minutes followed by a continuous
infusion (0.05-0.2 mcg/kg/min for 24 h).!! In patients with SBP <100 mmHg, the infusion should
be started without a bolus dose to avoid hypotension.™

Vasopressors

Vasopressors are not recommended as first-line agents. They are only indicated in
patients in cardiogenic shock as a rescue agent after the combination of an inotropic agent and
possible fluid challenge fails to restore SBP>90 mmHg'! and until other therapies to improve
cardiac function can be instituted.*” These therapies may include angioplasty, intra-aortic
balloon pumping, or cardiac surgery.”> Norepinephrine is probably the pressor of choice for the
following reasons: it improves coronary perfusion in the presence of severe hypotension; it has
the least overall increase in heart rate and contractility that could further increase myocardial
oxygen demands; and it is particularly useful in patients with low blood pressure and
“inappropriate” vasodilation (low blood pressure in the presence of normal or high cardiac
output).32’ Caution is advised with concomitant dopamine use that already exerts a vasopressor
effect.!! Epinephrine is not recommended in cardiogenic shock and should be restricted to use
as rescue therapy in cardiac arrest.*
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Disposition

Critically-ill patients with AHFS are best managed in the ICU with invasive monitoring to
closely track their hemodynamic status and allow precise titration of the medications. These
would include patients on any drips, intubated patients or those requiring continued NIV, as
well as patients with associated acute coronary syndromes.

Evidence-based data to guide and facilitate risk-stratification and ultimate disposition of
other AHFS patients from the ED setting is lacking."® A large review of studies in JAMA isolated
systolic blood pressure level as a broadly applicable method to determine in-hospital mortality
risk.”®

In-hospital mortality rates by admission systolic blood pressure deciles (n= 48 567).”® Permission Pending

Variables that have been shown in multiple studies to predict high risk of subsequent
morbidity and mortality include the following: low serum sodium level, ischemic ECG changes,
significant hypotension at presentation, poor diuresis in the hypervolemic patient, abnormal
renal function, poor health care behavior (poor access to health care, dietary and medication
non-compliance) and possibly increased natriuretic peptide values.'” Multiple scoring systems
have been proposed for the diagnosis of heart failure using components of the history and
physical examination, but these are based on the outpatient and not the ED setting.'” Hsieh
and colleagues recently completed a validation of the acute heart failure index clinical
prediction rule that identifies a group of patients with heart failure at low risk for inpatient
deaths and serious complications (< 2% risk).”” Although the high-risk patient has been
characterized in studies, the absence of high-risk criteria does not necessarily equate to a low-
risk patient overall.'””’#8! Current NHLBI funded studies are exploring risk stratification from

the ED, but recent initial studies support stratification of patients to the observation unit setting
82-84

Future therapies

Multiple novel therapeutic agents are under development for short term management
(hours to days) to target signs and symptoms, improve hemodynamic stabilization, as well as
potentially protect or prevent organ injury.'® While a majority of these medications are still
being evaluated through basic science research or Phase | trials, it is worth mentioning a
medication called Relaxin, which is currently under investigation for its systemic and renal
vasodilatory actions.™® A Phase Il trial has demonstrated improvement in dyspnea with a single
dose in patients with AHFS and elevated blood pressures, with a Phase Ill trial currently in
progress. &
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Summary

Acute decompensated heart failure treatment has a renewed focus on the use of
aggressive use of nitrates and optimization of airway support including the use of NIV, while the
use of high dose furosemide and morphine has become de-emphasized.70 Diuretics seem to be
most beneficial in patients who have substantial volume overload but often a normal sBp.5°
Vasodilator therapy is recommended as first-line therapy in patients with acute pulmonary
edema associated with an elevated SBP.% The use of ACEl in acute management of heart failure
is still being defined but available data suggests possible benefits in the ED setting and ACEI are
being utilized and recommended by numerous authors. Patients in cardiogenic shock need
emergent enhancement of cardiac contractility and inotropes are effective in restoring
hemodynamic stability.®° However, the use of inotropes may lead to increased short- and long-
term mortality. Successful treatment of AHFS has been limited because no agent has been
shown to reduce post-discharge mortality or readmission rates, and patients frequently remain
symptomatic after treatment.®® Further research may give us the answers as to which of the
“standard”, controversial and future therapies are the best for ED patients with AHF
syndromes.



16

Selected Bibliography

10.

11.

12.

13.

14.
15.

Tsao LCG. Heart failure: an epidemic of the 21st century. Crit Pathways Cardiol. 2004;3:194-204.

Silvers MS (Subcommittee Chair), Howell JM, Kosowsky JM, et al. Clinical Policy: Critical Issues in the
Evaluation and Management of Adult Patients Presenting to the Emergency Department with Acute Heart
Failure Syndromes Annals of Emergency Medicine 2007: 49(5); 627-669.

Cotter G, Felker GM, Adams FA. The pathophysiology of acute heart failure--is it all about fluid
accumulation? Am Heart J 2008;155:9-18.

Adams KF Jr, Fonarow GC, Emerman CL, et al. ADHERE Scientific Advisory Committee and Investigators.
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.

Collins S, Storrow AB, Kirk JD, et al. Beyond pulmonary edema: diagnostic, risk stratification, and
treatment challenges of acute heart failure management in the emergency department. Ann Emerg Med.
2008; 51:45-57.

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.

Reed KC, Mattu A. Congestive Heart Failure: Emergency Department Management. Chapter in Cardiac
Emergencies: Cases, Concepts, and Management. Grossman S, Rosen P, edits. To be published March,
2011.

Nieminen MS, Bohm M, Cowie MR, et al. Executive summary of the guidelines on the diagnosis and
treatment of acute heart failure: the Task Force on Acute Heart Failure of the European Society of
Cardiology. Eur Heart J 2005;26:384-416.

Hunt SA. ACC/AHA 2005 guideline update for the diagnosis and management of chronic heart failure in
the adult: a report of the American College Of Cardiology/American Heart Association task force on
practice guidelines (writing committee to update the 2001 guidelines for the evaluation and management
of heart failure) J. Am. Coll. Cardiol. 2005;46;e1-e82

Cotter G, Moshkovitz Y, Milovanov O, et al. Acute heart failure: a novel approach to ts pathogenesis and
treatment. Eur J Heart Fail 2002;4:227-234.

Dickstein K (Chairperson), Cohen-Solal A, Filippatos G, et al. ESC guidelines for the diagnosis and
treatment of acute and chronic heart failure 2008. the task force for the diagnosis and treatment of acute
and chronic heart failure 2008 of the european society of cardiology. developed in collaboration with the
heart failure association of the ESC (HFA) and endorsed by the european society of intensive care
medicine (ESICM). European Heart Journal (2008) 29, 2388-2442.

Gray A, Goodacre S, Nicholl J, et al. The development of a simple risk score to predict early outcome in
severe acute acidotic cardiogenic pulmonary edema / clinical perspective : the 3CPO score. Circ Heart Fail.
2010;3:1111-117.

Arroll B, Doughty R, Andersen V. Investigation and management of congestive heart failure. BMJ.
201;341:190-195.

Chang AM, Maisel AS, Hollander JE. Diagnosis of heart failure. Heart Failure Clin. 2009;5:25-35.

Wang CS, Fitzgerald JM, Schulzer M, et al. Does this dyspneic patient in the emergency department have
congestive heart failure? JAMA 2005;294:1944-56.



16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

17

Pang PS, Michel Komajda M, Gheorghiade M. The current and future management of acute heart failure
syndromes. European Heart Journal 2010:31:784-79.

Collins S, Storrow AB, Kirk JD, et al. Beyond pulmonary edema: diagnostic, risk stratification, and
treatment challenges of acute heart failure management in the emergency department. Ann Emerg Med.
2008;51:45-57.

Kennedy S, Simon B, Alter H, et al. Ability of physicians to diagnose congestive heart failure based on chest
x-ray. J Emerg Med. Article in Press. Available online January 2010.

Collins S, Lindsell CJ, Storrow AB et al., Prevalence of negative chest radiography in the emergency
department patient with decompensated heart failure, Ann Emerg Med. 2006;47:13-18.

Moore CL, Rose GA, Tayal VS, et al. Determination of left ventricular function by emergency physician
echocardiography of hypotensive patients. Acad Emerg Med. 2002;9:186-193.

Randazzo MR, Snoey ER, Levitt MA, et al. Accuracy of emergency physician assessment of left ventricular
ejection fraction and central venous pressure using echocardiography. Acad Emerg Med. 2003;10:973-
977.

Liteplo AS, Marill KA, Villen T, et al. Emergency thoracic ultrasound in the differentiation of the etiology of
shortness of breath (ETUDES): sonographic B-lines and N-terminal pro-brain-type natriuretic peptide in
diagnosing congestive heart failure. Acad Emerg Med 2009;16:201-210.

Von Haehling S, Schefold J, Hodoscek LM, et al. Anemia is an independent predictor of death in patients
hospitalized for acute heart failure. Clin Res in Card. 2010;99(2):107-113.

Hollander JE, Ideal management of acute heart failure syndromes in the ED from EMCREG-International
Monograph from 2009 ACEP Satellite Symposium, published January 2010.

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

McCullough PA, Nowak RM, McCord J, et al. B-type natriuretic peptide and clinical judgement in
emergency diagnosis of heart failure.: analysis from the Breathing Not Properly(BNP) Multinational Study.
Circulation 2002;106:416-422.

Heeschen C, Hamm CW, Mitrovic V, et al. Platelet Receptor Inhibition in Ischemic Syndrome Management
(PRISM) Investigators. Diagnostic accuracy of b type natriuretic peptide and amino terminal proBNP in the
emergency diagnosis of heart failure.Heart 2005;91:606-12.

Lokuge A, Lam L, Cameron P. Natriuretic peptide testing and the accuracy of heart failure diagnosis in the
emergency department. Circ Heart Fail. 2010;3:104-110.

Zehtabchi S, Brandler ES. Does this patient have congestive heart failure? Ann Emerg Med . 2008;51:87-
90.

Greenberg B, Kahn AM. Ch. 26- Clinical Assessment of Heart Failure_In Bonow: Braunwald's Heart Disease
- A Textbook of Cardiovascular Medicine, 9th ed. 2011 Saunders, An Imprint of Elsevier.

Rapoport L, Kumar AM. Focus on: brain natriuretic peptide in ACEP News. Elsevier publishers. 2007:6(12)
;23-4.

Gheorghiade M, Filippato GS, Felker GM. Ch. 27 - Diagnosis and Management of Acute Heart Failure
Syndromes. In Bonow: Braunwald'’s Heart Disease - A Textbook of Cardiovascular Medicine, 9th ed. 2011
Saunders, An Imprint of Elsevier.

Peacock FW. The evolving role of bnp in the diagnosis and treatment of chf: a summary of the BNP
consensus panel report. Emergency Medicine Cardiac Research and Education Group. January 2005
volume 1.

Schwam E. B-type natriuretic peptide for diagnosis of heart failure in emergency department patients: a
critical appraisal. Academ Emerg Med 2004;11:686-691.



35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49,

50.

ol.

52.

53.

18

Fonarow GC, Peacock WF, PhillipsCO, et al. ADHERE scientific advisory committee and investigators.
usefulness of b-type natriuretic peptide and cardiac troponin levels to predict in-hospital mortality from
ADHERE. Am J Cardiol 2008;101: 231-7.

Ferrari G, Milan A, Groff P, et al. Continuous positive airway pressure vs. pressure support ventilation in
acute cardiogenic pulmonary edema: a randomized ytrial. J Emerg Med. 2010;39:676-684.

Masip J, Roque M, Sanchez B, et al. Noninvasive ventilation in acute cardiogenic pulmonary edema:a
systematic review and meta-analysis. JAMA 2005;294:3124-30.

Peter JV, Moran JL, Phillips-Hughes J, et al. Effect of non-invasive positive pressure ventilation (NIPPV) on
mortality in patients with acute cardiogenic pulmonary oedema: a meta-analysis. Lancet 2006;367: 1155-
63.

Collins SP, Mielniczuk LM, Whittingham HA, et al. The use of noninvasive ventilation in emergency
department patients with acute cardiogenic pulmonary edema: a systematic review. Ann Emerg Med
2006; 48:260-9.

Cleland JG, Abdellah AT, Khaleva O, Coletta AP, Clark AL. clinical trials update from the european society
of cardiology congress 2007: 3CPO, ALOFT, PROSPECT and statins for heart failure. Eur J Heart
2007;9:1070-1073.

Mehta S, Jay GD, Woolard RH, et al. Randomized, prospective trial of bilevel versus continuous positive airway pressure in acute
pulmonary edema. Crit Care Med 1997; 25: 620-28.

Chadda K, Annane D, Hart N, et al. Cardiac and respiratory effects of continuous positive airway pressure
and noninvasive ventilation in acute cardiac pulmonary edema. Crit Care Med. 2002;30:2457-2461.
Bellone A, Monari A, Cortellaro F, et al. Myocardial infarction rate in acute pulmonary edema: noninvasive
pressure support ventilation versus continuous positive airway pressure. Crit Care Med. 2004;32:1860-
1865.

Masip J, Paez J, Merino M, et al. Risk factors for intubation as a guide for noninvasive ventilation in
patients with severe acute cardiogenic pulmonary edema. Intensive Care Med 2003;29(11):1921-8.
Shirakabe A, Hata N, Yokoyama S, et al. Predicting success of noninvasive positive pressure ventilation in
emergency room for patients with acute heart failure. J Cardiol. 2010;354:1-8.

Graham C. Pharmacological therapy of acute cardiogenic pulmonary oedema in the emergency
department. Emergency Medicine Australasia (2004) 16, 47-54.

Sacchetti A, Ramoska E, Moakes ME, McDermott P, Moyer V. Effect of ED management on ICU use in
acute pulmonary edema. Am. J. Emerg. Med. 1999; 17: 571-4.

Singer AJ, Emergman C, Char DM, et al. Bronchodilator therapy in acute decompensated heart failure
patients without a history of chronic obstructive pulmonary disease. Ann Emerg Med 2008;51: 25-34.
Maak CA, Tabas J, McClintock DE. Should acute treatment with inhaled beta agonists be withheld from
patients with dyspnea who may have heart failure. J Emerg Med, In Press, Corrected Proof, Available
online 24 June 2008.

Cotter G, Metzkor E, Kaluski E, et al. Randomised trial of highdose isosorbide dinitrate plus low-dose
furosemide versus highdose furosemide plus low-dose isosorbide dinitrate in severe pulmonary oedema.
Lancet. 1998;351:389.

Nashed AH, Allegra, JR, Eskin B, et al. Prospective trial of the treatment of acute cardiogenic pulmonary
edema with IV nitroglycerin boluses. Ann Emerg Med. 1997;30:382.

Nashed AH, Allegra JR. Intravenous nitroglycerin boluses in treating patients with cardiogenic pulmonary
edema. Am J Emerg Med. 1995;13:612-613.

Rabacal C, Ribeiro H, Nuno L, et al. The efficacy of isosorbide dinitrate administered in an intravenous
bolus in acute cardiogenic pulmonary edema. Rev Port Cardiol. 1993;12:1029-1035.



54.

95.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

19

Sharon A, Shpirer |, Kaluski E, et al. High-dose intravenous isosorbide-dinitrate is safer and better than Bi-
PAP ventilation combined with conventional treatment for severe pulmonary edema. J Am Coll Cardiol.
2000;36:832-837.

Levy P, Compton S, Welch R, et al. Treatment of severe decompensated heart failure with high-dose
intravenous nitroglycerin: a feasibility and outcome analysis. Ann Emerg Med. 2007;50:144-152.

Annane D, Bellissat E, Pussare E, et al. Placebocontrolled, randomized, double-blind study of intravenous
enalaprilat efficacy and safety in acute cardiogenic pulmonary edema. Circulation 1996; 94:1316-24.
Barnett JC, Zink KM, Touchon RC. Sublingual captopril in the treatment of acute heart failure. Curr Ther
Res 1991;49:274-81.

Brivet F, Delfraissy JF, Giudicelli JF, et al. Inmediate effects of captopril in acute left ventricular heart
failure secondary to myocardial infarction. Eur J Clin Invest 1981;11:369-73.

Haude M, Steffen W, Erbel R, et al. Sublingual administration of captopril versus nitroglycerin in patients
with severe congestive heart failure. Int J Cardiol 1990;27:351-9.

Hamilton RJ, Carter WA, Gallagher EJ. Rapid improvement of acute pulmonary edema with sublingual
captopril. Acad Emerg Med 1996;3:205-12.

Langes K, Siebels J, Kuck KH. Efficacy and safety of intravenous captopril in congestive heart failure. Curr
Ther Res 1993;53:167-76.

Tohmo H, Karanko M, Korpilahti K. Haemodynamic effects of enalaprilat and preload in acute severe heart
failure complicating myocardial infarction. Eur Heart J 1994;15:523-7.

Varriale P, David W, Chryssos BE. Hemodynamic response to intravenous enalaprilat in patients with
severe congestive heart failure and mitral regurgitation. Clin Cardiol 1993;16:235-8.

Peacock WF, Fonarow GC, Emerman CL, et al. Impact of early initiation of intravenous therapy for acute
decompensated heart failure on outcomes in ADHERE. Cardiology. 2006;107:44-51.

Diercks D, Ohman EM. Hypertension with acute coronary syndrome and heart failure. Ann Emerg Med
2008;51:534-36.)

Peacock WF, Emmerman CL, on behalf of the PROACTION Study group. Safety and efficacy of nesiritide in
the treatment of decompensated heart failure in observation patients. J Am Coll Cardiol. 2003;41(suppl
A):336A.

Peacock WF, Emmerman CL, Silver MA. Nesiritide added to standard care favorably reduces systolic blood
pressure compared with standard care alone in patients with acute decompensated heart failure. Am J
Emerg Med. 2005;23:327-331.

Miller AH, Nazeer S, Pepe P. Acutely decompensated heart failure in a county emergency department: a
double-blind randomized controlled comparison of nesiritide versus placebo treatment. Ann Emerg Med.
2008;51:571-578.

Acutely decompensated heart failure in a county emergency department: a double-blind randomized
controlled comparison of nesiritide versus placebo treatment. Answers to May 2008 journal club. Ann
Emerg Med. 2008;52:458-472.

Mattu A, Lawner B. Prehospital management of congestive heart failure. Heart Failure Clin 2009;5:19-24.
Cotter G, Metzkor E, Kaluski E, et al. Randomised trial of high-dose isosorbide dinitrate plus low-dose
furosemide versus highdose furosemide plus low-dose isosorbide dinitrate in severe pulmonary oedema.
Lancet 1998;351:389-393.

Gheorghiade M, De Luca L, Fonarow GC, et al. Pathophysiologic targets in the early phase of acute heart
failure syndromes. Am J Cardiol. 2005;96:11G-7G.

O'Brien JF, Falk JL. Ch 79 - Heart Failure in Marx: Rosen's Emergency Medicine, 7th ed. 2009, Mosby
(Elsevier).



74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

20

Shayne P, Stettner E. Ch 89-Hypertension in Harwood-Nuss' Clinical Practice of Emergency Medicine, 5th
Ed. 2009, Lippincott Williams & Wilkins.

Felker GM, Benza RL, Chandler AB, et al. Heart failure etiology and response to milrinone in
decompensated heart failure: results from the OPTIME-CHF study. J Am Coll Cardiol 2003;41:997-1003.
Gheorghiade M, Abraham WT, Albert NM, et al. Systolic blood pressure at admission, clinical
characteristics, and outcomes in patients hospitalized with acute heart failure. J Am Med Assoc
2006;296:2217-2226.

Hsieh M, Auble TE, Yealy DM. Validation of the acute heart failure index Annals of Emergency Medicine,
2008;51: 37-44.

Abraham WT, Fonarow GC, Albert NM, et al. Predictors of in-hospital mortality in patients hospitalized for

heart failure: insights from the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients
with Heart Failure (OPTIMIZE-HF). J Am Coll Cardiol 2008;52:347-356.

Felker GM, Leimberger JD, Califf RM, et al. Risk stratification after hospitalization for decompensated
heart failure. J Card Fail 2004;10:460-466.

Fonarow GC, Adams KF Jr, Abraham WT, et al. for the Adhere Scientific Advisory Committee SGal. Risk
stratification for in-hospital mortality in acutely decompensated heart failure: classification and regression
tree analysis. J Am Med Assoc 2005;293:572-580

Lee DS, Austin PC, Rouleau JL, et al. Predicting mortality among patients hospitalized for heart failure:
derivation and validation of a clinical model. J Am Med Assoc 2003;290:2581-2587.

O’Connor CM, Abraham WT, Albert NM, et al. Predictors of mortality after discharge in patients
hospitalized with heart failure: an analysis from the Organized Program to Initiate Lifesaving Treatment in
Hospitalized Patients with Heart Failure (OPTIMIZE-HF). Am Heart J 2008;156:662-673.

Peacock WFt, Albert NM. Observation unit management of heart failure. Emerg Med Clin North Am
2001;19:209-232.

Storrow AB, Collins S, Lindsell CJ, et al. Improving heart failure risk stratification in the ED: Stratify
1R01HLO88459-01; Treatment Endpoints in Acute Decompensated Heart Failure 1K23HL085387-01A2.
Vanderbilt University and University of Cincinnati: NHLBI; 2007.

Teerlink JR, Metra M, Felker GM, et al. Relaxin for the treatment of patients with acute heart failure (Pre-
RELAX-AHF): a multicentre, randomised, placebo-controlled, parallel-group, dose-finding phase llb study.
Lancet 2009;373:1429-1439.

Kirk JD, Parissis JT, Filippatos G. Pharmacologic Stabilization and Management of Acute Heart Failure
Syndromes in the Emergency Department. Heart Failure Clin 2009;5:43-54.



