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Abstract
Acute decompensated heart failure (ADHF) is the most common reason for hospitalization in Western nations. The
prognosis of patients admitted to hospital with ADHF is poor, with up to 64% being readmitted within the first 90 days
after discharge and with a 1-year mortality approximating 20%. Epidemiological studies suggest that the majority of patients
hospitalized with ADHF receive treatment that is inadequate and which is not based on scientific evidence. Furthermore,
emerging data suggest that the ‘‘conventional’’ therapeutic interventions for ADHF including morphine, high-dose diuretics,
and inotropic agents may be harmful. The goal of this review is to provide evidence-based recommendations for the diagnosis
and management of ADHF.
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Heart failure (HF) is a disease process that has been growing at
an exponential rate across the United States over the last 20
years, currently affecting an estimated 5 million Americans and
accounting for over 1 million hospitalizations annually.1 The
prognosis of patients admitted to hospital with HF is poor, with
up to 64% being readmitted within the first 90 days after dis-
charge and with a 1-year mortality approximating 20%.2 Heart
failure can present in patients without previously recognized
cardiac dysfunction or as the acute decompensation of chronic
congestive HF. Acute decompensated heart failure (ADHF)
refers broadly to new or worsening of signs and symptoms of
HF that is progressing rapidly, whereby unscheduled medical
care or hospital evaluation is necessary. A number of national
registries have been developed in the last decade, which have
provided invaluable epidemiological and clinical information
to help guide the management of patients with ADHF. Cur-
rently the total number of patients in the Acute Decompensated
Heart Failure National Registry (ADHERE)3, the Organized
Program to Initiate Lifesaving Treatment in Hospitalized
Patients with Heart Failure (OPTIMIZE-HF),4 and the Euro-
Heart Failure Survey (EHFS)5 exceeds 250 000. The mean age
of the patients in these registries is around 72 years, with 50%
being women. Evidence of mild or no impairment of systolic
function was found in approximately 45% of patients. The most
common comorbid conditions were hypertension, coronary
artery disease, chronic obstructive pulmonary disease (COPD),
and diabetes. In-hospital mortality was approximately 4% and
the median hospital length of stay was 4.5 days.

Despite being the most common reason for admission to hos-
pital, the management of patients with ADHF is suboptimal, with
multiple studies suggesting that patients are not receiving
evidence-based therapies.6,7 Although there are published recom-
mendations guiding the evaluation and treatment of outpatients
with chronic HF8-10, there is somewhat limited and conflicting
information on the management of ADHF.9,11 The goal of this
paper is to provide evidence-based recommendations for the diag-
nosis and management of ADHF (see Table 1). It is important to
recognize that the management of patients with ADHF differs
from that of chronic HF and intensification of a patients’ chronic
outpatient therapy may lead to a poor outcome.

Evaluation of the Patients With Suspected
ADHF

An important priority in the management of patients with sus-
pected ADHF is to confirm the diagnosis as well as to establish
the presence of comorbidities and precipitating medical factors.
Once the diagnosis of HF has been established, the causative
factors should be established (ie, ischemic heart disease,
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diabetes, hypertension, etc) as well the determination of
whether the patient has HF with systolic dysfunction or HF
with preserved systolic function.

In the ADHERE registry, dyspnea occurred in 89% of
patients. However, in patients presenting to the emergency
department (ED) with dyspnea, approximately 50% will have
dyspnea due to noncardiac causes.12 In a study of 452 patients
presenting to the ED with dyspnea, the odds ratio (OR) for HF
was highest for weight gain (OR 3.6; 95% CI 1.9-7), nocturia
(OR 2.4; 95% CI 1.6-3.7), and paroxysmal nocturnal dyspnea
(OR 2.4; 95% CI 1.6-3.5), however, the sensitivity of these
symptoms were poor (0.17, 0.39, and 0.47, respectively).12 It
may be particularly difficult to distinguish dyspnea caused by
HF from that caused by chronic respiratory diseases (such as
COPD), and in many patients both conditions may coexist.13

Wuerz and Meador compared the outcome of patients with sus-
pected HF who received prehospital treatment with furose-
mide, morphine, and nitroglycerine versus those given no
medications.14 In this study, the patients with asthma, COPD,
pneumonia, or bronchitis who were erroneously diagnosed with
and treated for HF had a higher than expected mortality. It is
important to recognize that ADHF occurs due to left ventricular
(LV) dysfunction, whereas cor-pulmonale is a manifestation of

right ventricular failure due to pulmonary hypertension. Both
conditions may present with dyspnea, an elevated jugular
venous pressure (JVP) and peripheral edema. However, the
management of these conditions is vastly different and cor-
pulmonale should not be diagnosed or treated as ‘‘heart
failure.’’

Physical examination has a low accuracy for diagnosing
HF.12,15,16 While widely considered a reliable sign of volume
overload8,17, the JVP is a ‘‘measure’’ of right atrial pressure and
provides no useful clinical information about LV function or
intravascular volume status.18,19 An elevated JVP has a very
low sensitivity for the diagnosis of HF (0.22).12 Remarkably,
many physicians base their dosing of diuretics on the estimated
JVP.17 Patients with severe chronic HF frequently lack pul-
monary rales on examination or alveolar edema on chest
radiograph despite high pulmonary venous pressure. This
observation is explained by reduced pulmonary microvascular
permeability as well as increased lymphatic flow in these
patients. Furthermore, rales do not distinguish between a car-
diac and respiratory cause of dyspnea.16 Patients with periph-
eral edema may be inappropriately diagnosed as having HF
when there is another cause for the edema.8 Mueller and col-
leagues reported the sensitivity and specificity of rales for the
diagnosis of HF to be 0.599 and 0.672, while those for lower
extremity edema were 0.46 and 0.76, respectively.12 This infor-
mation suggests that physical examination alone has limited
utility in the evaluation of patients presenting to the ED or a
physician’s office with dyspnea and in establishing the diagno-
sis of HF. However, in patients with established HF, hypoten-
sion (SBP < 90 mm Hg) is an important clinical sign which is
associated with a low cardiac output state and which carries a
poor prognosis.20

B-Type Natriuretic Peptides

Brain natriuretic peptide (BNP) and N-terminal pro-brain
natriuretic peptide (NT-proBNP) are biomarkers that assist in
the diagnosis of HF. Although present in the human brain, BNP
is mainly synthesized and secreted by ventricular myocar-
dium.21 Myocardial wall stress is the most important stimulus
for increased synthesis and secretion of BNP. It is released into
the circulation as a pro-hormone and cleaved into the biologi-
cally active 32-amino acid BNP and the biologically inactive
76-amino acid NT-proBNP. The half-life of BNP is 20 minutes,
whereas NT-proBNP has a half-life of 120 minutes, which
explains why NT-proBNP serum values are approximately
6 times higher than BNP values, even though both molecules
are released in equimolar proportions.21-23 Renal impairment,
a common comorbidity in patients with HF, reduces clearance
of both BNP and NT-proBNP.21 Clinical studies have demon-
strated that BNP and NTproBNP are elevated in patients with
HF, with the degree of elevation being proportional to disease
severity as assessed by New York Heart Association (NYHA)
functional class, LV ejection fraction (EF), and the degree of
LV diastolic dysfunction.22,23 In the Breathing-Not-Properly
(BNP) trial, 1586 patients presenting to the ED with dyspnea

Table 1. Evidence-Based Management Strategy for Patients With
Acute Decompensated Heart Failure (ADHF)

Testing
Complete blood count and electrolytes
Serum ferritin and transferrin saturation
Chest radiograph
Electrocardiogram
BNP/NT-proBNP
Troponin
Echocardiogram

Treatment
CPAP (BiPaP if COPD) with supplemental oxygen
Furosemide 40 mg IV! 1 dose then PO (not to exceed 80 mg daily)
Intravenous nitroglycerine
b-Blocker (carvedilol)
Intravenous iron for iron deficiency (not if septic)
DVT prophylaxis
Treat complications (atrial fibrillation, hypertension, infections, etc)
Nutritional optimization (thiamine, etc)
Consider ultrafiltration in select patients
low-dose oral ACE inhibitor (NOT if worsening renal function)

Avoid
High-dose loop diuretics (>80 mg furosemide [or equ] day
Diuretics with worsening renal function (cardiorenal syndrome)
Morphine
Inotropic agents (dobutamine, milrinone)
Nesiritide
Nitroprusside
Blood transfusion
Nonsteridal anti-inflamaoty drugs (NSAIDs)

Abbreviations: BNP, brain natriuretic peptide; NT-proBNP, N-terminal
pro-brain natriuretic peptide; CPAP, continuous positive airway pressure;
BiPAP, bilevel positive airway pressure; ACE, angiotensin-converting enzyme;
COPD, chronic obstructive pulmonary disease; PO, orally.
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were investigated.24 In this study, BNP testing provided a high
degree of accuracy for the detection of HF. At a cutoff value of
100 pg/mL, BNP had a high negative predictive value (NPV),
while HF was very likely at BNP values > 500 pg/mL. How-
ever, a BNP of less than 30 pg/mL was required to confidently
exclude HF (NPV > 95%). In the ‘‘Pro-BNP Investigation of
Dyspnea in the Emergency Department (PRIDE)’’ study, the
best diagnostic threshold was 900 pg/mL, with a level less than
300 pg/mL being optimal for ruling out HF.25 The measure-
ment of B-type natriuretic peptides on presentation to the ED
has been demonstrated to improve the management and reduce
the hospital cost of patients with suspected HF.26,27 Indepen-
dent of their diagnostic value, several large-scale studies have
shown that BNP and NT-proBNP provide strong prognostic
information for an unfavorable outcome (death, cardiovascular
death, readmission, or cardiac events) in patients with HF.28 It
is important to recognize that BNP (and NT-proBNP) levels are
significantly lower in patients with HF and preserved LV
function as compared to patients with HF and systolic dysfunc-
tion; indeed the former patients may have levels below the
‘‘standard’’ diagnostic thresholds.29,30 Similarly, B-type
natriuretic peptides are relatively lower in overweight and
obese HF patients.31

Plasma B-type natriuretic peptide concentrations are
increased in patients with COPD (with and without cor-pulmo-
nale), pulmonary hypertension, pulmonary embolism, renal
failure, and those with sepsis and the systemic inflammatory
response syndrome (SIRS). In these conditions, the BNP and
NT-proBNP are usually only moderately elevated and typically
not in the range observed in ADHF.32-37

Additional Laboratory Testing

Laboratory testing should include serum electrolytes and a
complete blood count (see Table 1). In the ADHERE registry,
a serum urea nitrogen (BUN) of greater than 43 mg/dL was the
single best predictor for in-hospital mortality.6,20 Hyponatre-
mia in a patient with HF is a sign of failing circulatory home-
ostasis and is associated with a longer length of stay and higher
in-hospital and early postdischarge mortality.38 Anemia
(hemoglobin <13 g/dL in males and <12 g/dL in females) is
also a poor prognostic marker.39,40

Echocardiography

Assessment of LV function is a critical step in the evaluation
and management of patients with HF. With limited training,
ED physicians, hospitalists, critical care physicians, and medi-
cal residents can become competent in performing a focused,
goal-directed echocardiographic (ECHO) examination at the
time of presentation.41-44 An immediate ECHO at the bedside
makes it possible to visualize dilatation of the heart chambers,
diffuse or regional abnormalities in contraction, functional
mitral regurgitation (MR) as well as LV hypertrophy. The bed-
side ECHO examination should allow the clinician to rapidly
assess LV function and make the distinction between HF due

to systolic versus diastolic dysfunction. Once therapy has been
initiated all patients with HF should undergo a complete formal
ECHO examination, unless this investigation or angiography
has been performed recently (within the last few months).

Hemodynamic Monitoring

Invasive hemodynamic monitoring has a limited role in the
management of patients with HF. In the ESCAPE study,
patients with HF were randomized to routine care or treatment
guided by a pulmonary artery catheter (PAC). In-hospital
adverse events were more common among patients in the PAC
group; however, there were no significant differences in the
30-day mortality or clinical outcomes or adverse events at
6 months between the 2 groups of patients.45 This study, in
keeping with the critical care literature suggests that the PAC
is of limited clinical utility.

Management of ADHF

In patients with established ADHF, it is important to determine
the precipitating factor/factors that may have led to the dete-
rioration of cardiac function. The most important include pneu-
monia, myocardial ischemia, poorly controlled hypertension,
arrhythmias (particularly atrial fibrillation [AF]), poor compli-
ance with medication, drug reactions/side effects, and dete-
rioration of renal function.46 Patients presenting with an
acute deterioration of cardiac function may require admission
to a high intensity or intensive care unit (ICU) for stabilization.
Patients with ‘‘end-stage’’ HF whose condition has progressed
slowly and inexorably despite maximal medical therapy are
poor candidates for admission to an ICU, unless they are can-
didates for cardiac transplantation/implantation of a LV assist
device or having an acute medical complication. Options for
end-of-life care should be discussed with all patients with
end-stage HF.8,47

The treatment of ADHF involves relief of symptoms,
hemodynamic stabilization, management of comorbidities, and
precipitating factors followed by the reinstitution and optimiza-
tion of long-term therapy. Over the past 20 years, there has
been considerable progress in the treatment of chronic HF with
the use of angiotensin converting enzyme (ACE) inhibitors,
b-receptor blockers, aldosterone antagonists, and resynchroni-
zation therapy. The management of ADHF remains proble-
matic with few evidence-based interventions available.
Emerging data suggest that the ‘‘conventional’’ therapeutic
interventions for ADHF including morphine, high-dose diure-
tics, and inotropic agents may be harmful.

Noninvasive Positive Pressure Ventilation

Strong evidence supports the use of noninvasive positive pres-
sure ventilation (NPPV) to treat cardiogenic pulmonary edema.
Positive pressure ventilation is ‘‘good for the left ventricle’’; it
reduces the work of breathing and reduces LV preload and
afterload. Both continuous positive airway pressure (CPAP)

Marik and Flemmer 345

 at Imperial College London Library on September 30, 2016jic.sagepub.comDownloaded from 

http://jic.sagepub.com/
































































































































































and bilevel positive airway pressure (BiPAP) lower intubation
and mortality rates in patients with ADHF, when compared to
conventional therapy with oxygen.48,49 In patients with ADHF,
the respiratory problem is one of oxygenation rather than ven-
tilation; hence only CPAP is required. CPAP (5-10 cm H2O)
should therefore be considered the first-line intervention in
patients with ADHF, as it is as efficacious as BiPAP and is
cheaper and easier to implement.50 In patients’ with ADHF and
COPD (as indicated by hypercarbia), BiPAP is preferred. The
inspired oxygen tension (FIO2) should be guided by pulse
oximetry.

Morphine

Morphine sulfate has long been used to treat ADHF on the basis
that it is a potent venodilator with additional anxiolytic proper-
ties. However, morphine blunts the respiratory drive. Data from
the ADHERE registry suggest that the use of morphine is asso-
ciated with an increased risk of intubation and is an indepen-
dent predictor of mortality (OR 4.84).51 Based on this data,
morphine should be avoided in patients with ADHF.

Diuretics

It is important to recognize that patients with ‘‘congestive HF’’
have volume overload due to sodium retention primarily as a
result of activation of the renin-angiotensin-aldosterone system
(RAAS). Agents, which improve cardiac performance and renal
blood flow, decrease activation of the RAAS and result in a diur-
esis. Indeed in 1776, William Withering described a patient who
was ‘‘cured from dropsy’’ after she self-administered an old cure
of a garden plant called foxglove (Digitalis purpurea). Wither-
ing conducted experiments in patients with dropsy (congestive
HF) and showed that foxglove increased urination.52 It was
believed at the time that digitalis was a diuretic that removed
‘‘poisons’’ from the blood stream.

Diuretics have been the mainstay for the treatment of ADHF
for the past four decades; indeed these drugs (particularly fur-
osemide) are still widely used and recommended for this indi-
cation.8,9,11 In the ADHERE registry, 89% of patients received
intravenous diuretics. While diuretics may provide temporary
symptomatic improvement in patients with dyspnea, there is
no convincing data that these agents improve cardiac function.
Indeed, diuretics appear to cause further cardiovascular com-
promise. Furthermore, patients who undergo aggressive diur-
esis are at an increased risk for developing worsening renal
function, known as the ‘‘cardiorenal syndrome’’. It has been
erroneously suggested that diuretic-induced changes in preload
increase ventricular performance by 2 mechanisms, namely
(i) by shifting the ventricle to a ‘‘more optimal position on the
descending limb on the Starling Curve’’ or (ii) by reducing LV
size and thereby reducing systolic wall stress (afterload) by the
LaPlace effect. However, high-dose loop diuretics have a num-
ber of adverse effects in patients with HF, which include direct
activation of the RAAS, increased arginine vasopressin (AVP),
increased norepinephrine levels, decreased glomerular

filtration rate (GFR), increased systemic vascular resistance,
and electrolyte disturbances.53 Furthermore, in the physiologi-
cal range of the intact mammalian heart there is no descending
limb of the LV stroke volume–pressure curve (Frank-Starlings
curve).54-57 Braunwald and colleagues demonstrated an average
fall in cardiac output of 20% following diuresis in patients with
impaired cardiac function both at rest and during exercise.58

Nelson and coworkers compared the hemodynamic effects of
intravenous furosemide (1 mg/kg) with that of intravenous iso-
sorbide dinitrate (50-200 ug/kg per min) in patients with LV
failure following myocardial infarction.59 The pulmonary artery
occlusion pressure (PAOP) fell in both groups of patients,
however, the cardiac output was maintained in the nitrate group,
whereas it fell by about 10% in the furosemide group. Similarly,
Hutton and colleagues compared the effects of intravenous
furosemide (0.5 mg/kg) and isosorbide 5-mononitrate (15 mg)
at the time of cardiac catheterization in patients with LV
dysfunction.60 In this study, furosemide induced acute vasocon-
striction with a reduction in cardiac output. In contrast, isosor-
bide 5-mononitrate maintained cardiac output while reducing
the PAOP.

Analysis of the ADHERE registry has provided compelling
evidence regarding the harm of high-dose diuretics in patients
with ADHF.61 Patients in the registry were stratified into a
low-moderate (<160 mg) and high-dose group ("160 mg)
according to the cumulative dose of intravenous furosemide
(or equivalent) administrated during the first 24-hour of hospi-
talization. Patients in the high-dose group had a significantly
greater decline in renal function, a longer length of stay and
a higher in-hospital mortality rate (OR 0.87; 95% CI
0.78-0.97, P¼ .01) when compared to the low-moderate group,
even after adjustment for confounding factors. Similarly, in the
ESCAPE trial, high-dose furosemide was an independent
predictor of hospital mortality and 6-month outcome.62

In an intriguing study Cotter et al randomized 110 patients
with cardiogenic pulmonary edema to either high-dose nitrates
or high-dose furosemide (80 mg iv every 15 minutes until
improvement) after receiving an initial 40 mg dose of furose-
mide.63 Mechanical ventilation was required in 7 (13%)
patients in the nitrate group and 21 (40%) in the furosemide
group (P ¼ .0041). Myocardial infarction occurred in 9
(17%) and 19 (37%) patients (P¼ .047), respectively. Worsen-
ing renal function (cardiorenal syndrome) during hospitaliza-
tion is a powerful independent prognostic factor for adverse
outcomes.64 In a cohort of patients with ADHF, Metra and col-
leagues demonstrated that the total dose of furosemide admi-
nistered intravenously during the first day of hospitalization
was an independent predictor for worsening renal function,
which itself was a predictor of death and rehospitalization.65

In this study, the odds ratio for a decline in renal function was
2.18 (95% CI 1.27-3.37) for a daily dose in excess of 100 mg.
Based on this data, patients with ADHF should receive no more
than 40 to 80 mg furosemide per day, and diuretics should be
withheld in those with worsening renal function. It is note-
worthy that in patients with chronic HF, high-dose loop diure-
tics have been reported to be an independent predictor of
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mortality with the mortality increasing significantly with a
daily dose in excess of 80 mg furosemide (or equivalent).66-68

Vasodilators

Nitroglycerine is recommended in all patients with ADHF.
This is one of the few agents, which has been shown to improve
the outcome of patients with ADHF,63 and it is likely that this
agent is underutilized for the treatment of this condition. Nitro-
glycerine should be used with caution in hypotensive patients.
Nitroglycerin’s effects are mediated through the relaxation of
vascular smooth muscle; it reduces preload and afterload.
Nitroglycerine increases cardiac output, decreases systemic
vascular resistance, and improves microcirculating perfusion
in patients with HF.69 Nitroglycerine can be given orally, topi-
cally, or intravenously, as long as blood pressure is maintained.
The intravenous route is recommended in patients admitted to
the ICU. The dosing of nitroglycerin is often suboptimal and
may need to reach doses of up to 160 mg/min to achieve hemo-
dynamic benefit. Headache is a common adverse effect which
is generally ameliorated with acetaminophen.

The role of ACE inhibitors and angiotensin receptor block-
ers (ARBs) in ADHF has not been studied. Intravenous ACE
inhibitors should be avoided.11 A low dose of an oral ACE inhi-
bitor can be considered in patients with stable renal function
but should be avoided in patients with declining renal function.
Blood pressure and renal function must be closely monitored.
The Veterans Administration Cooperative Study demonstrated
that in patients with an acute myocardial infarction (AMI) com-
plicated by LV failure, short-term nitroprusside infusion signif-
icantly increased mortality at 13 weeks (24% vs 13%).70

Nitroprusside has numerous adverse effects and is best avoided
in patients with HF.71 Nesiritide is a recombinantly produced
intravenous formulation of human BNP that has the same 32
amino acid sequence as human BNP, which physiologically
promotes vasodilation, sodium, and water excretion and
improves diastolic filling, resulting in reduced cardiac filling
pressures.72 Pooled analyses have, however, raised concerns
about the safety of this agent, with the drug being linked to
worsening renal function and increased mortality.58,73 The
Acute Study of Clinical Effectiveness of Nesiritide in Decom-
pensated Heart failure trial (ASCEND-HF) is a phase III study
evaluating the efficiency and safety of nesiritide in patients
with ADHF.74 Until the results of this study are available,
nesiritide cannot be recommended.

b-Blockers

Multiple large, randomized controlled trials (RCTs) have
demonstrated that certain b-blockers (carvedilol, metoprolol
succinate, and bisoprolol) reduce mortality by about 35% in
patients with chronic HF and systolic LV dysfunction.75,76

Until recently, it has been unclear whether b-blocker therapy
should be continued, withdrawn, or the dose reduced in patients
admitted to hospital with ADHF. An analysis of the
OPTIMIZE-HF registry and the Carvedilol or Metoporlol

European Trial (COMET) demonstrated a longer hospital
length of stay and a higher risk of death in patients in whom
b-blocker therapy was discontinued or the dose reduced as
compared to those patients in whom the b-blocker was contin-
ued or therapy with a b-blocker initiated.77,78 In the Carvedilol
Prospective Randomized Cumulative Survival (COPERNI-
CUS) study, b-blocker therapy reduced the risk of death and
hospitalization in the subgroup of patients with recent or recur-
rent decompensation.76This data suggests that all patients with
ADHF should continue to be treated with a b-blocker unless
specifically contraindicated. It should be noted that b-blockers
are not contraindicated in patients with concomitant COPD;
indeed, evidence suggests that b-blockers may improve sur-
vival even in those COPD patients without overt cardiovascular
disease.79

Inotropic Agents

b-receptor agonists (eg, dobutamine) and phosphodiesterase III
isoenzyme inhibitors (eg, milrinone) are currently recom-
mended and are widely used in the treatment of patients with
ADHF.9,11 b-receptor agonists activate adenyl cyclase, increas-
ing intracellular cyclic adenosine monophosphate (cAMP)
while phosphodiesterase inhibitors increase cAMP by prevent-
ing its degradation. Elevated levels of cAMP lead to increased
calcium release from the sarcoplasmic reticulum and increased
force generation by the actin–myosin apparatus, with a result-
ing increase in cardiac contractility. Intravenous dobutamine
and milrinone have been shown to have ‘‘beneficial’’ short-
term hemodynamic effects in patients with ADHF.80-82

Chronic HF is characterized by sympathetic activation,
b-receptor downregulation, and a failure of cardiac energy
metabolism.83 When the failing heart is stimulated with b-ago-
nists or phosphodiesterase inhibitors free ADP concentrations
increase to a value that is approximately twice that of the nor-
mal myocardium.84 The increased level of free ADP inhibits
the function of many intracellular enzymes, causing further
failure of the heart’s contractile mechanism.83 This observation
may partly explain the acceleration of myocardial dysfunction
with progression of HF with the short-term use of an inotropic
agent.85 b-blockers improve myocardial energetics, restore
b- and ryanodine receptor function, reverse LV remodeling,
and improve the outcome of patients with HF.86-89 Logic would
predict that b-adrenergic agonists and phosphodiesterase inhi-
bitors would accelerate cardiac dysfunction and compromise
the outcome of patients with ADHF. In the ESCAPE heart fail-
ure trial, the use of either dobutamine or milnirnone was asso-
ciated with an increased risk of death; relative risk (RR) of 2.14
(95% CI 1.10-4.15).90 An analysis of the ADHERE registry has
shown that short-term inotrope therapy was associated with
significantly longer hospital length of stay and higher in-
hospital mortality compared with short-term vasodilator ther-
apy.91 Similarly, the Flolan International Randomized Survival
Trial (FIRST) demonstrated that a dobutamine infusion at the
time of randomization was associated with a nearly 2-fold
increase in the 6-month mortality rate (71% vs 37%).92 The
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Outcomes of a Prospective Trial of Intravenous Milrinone
for Exacerbations of Chronic Heart Failure (OPTIME-CHF) ran-
domized 951 patients to receive a 48-hour infusion of milrinone
or placebo.93 This study failed to demonstrate any benefit from
milrinone; the subgroup of patients with an ischemic cardiomyo-
pathy treatment with milrinone was associated with an increase
in the composite of death or rehospitalization (42% vs 36% for
placebo, P¼ .01).94 This data suggests that both dobutamine and
milrinone have a very limited role (if any) in the management
of patients with ADHF. Furthermore, the combination of a
b-blocker with either dobutamine or milrinone is illogical and
scientifically unsound and should be avoided. Levosimendan
is an inotropic agent that enhances myocardial performance by
increasing the affinity of troponin C to calcium (calcium sensi-
tizer). This drug appears to have no advantage over dobutamine
or milrinone in patients with ADHF.95

Vasopressin Antagonists

Vasopressin levels are inappropriately high in both acute and
chronic HF.96 Along with activation of the sympathetic ner-
vous system and the RAAS, nonosmotic release of vasopressin
is thought to represent a maladaptive response that is central to
the pathophysiology of HF. Vasopessin antagonists have been
investigated in patients with both acute and chronic HF.
Although these agents are associated with a greater net fluid
loss than placebo and normalization of the serum sodium, they
have not been associated with improved clinical outcomes.97

Ultrafiltration

Peripheral ultrafiltration is an alternative to diuretics for
sodium and water removal. The Ultrafiltration Versus Intrave-
nous Diuretics for Patients Hospitalized for Acute Decompen-
sated Heart Failure (UNLOAD) trial enrolled 200 patients with
ADHF and showed that ultrafiltration compared with diuretics
increased weight loss at 48 hours (5.0 vs 3.1 kg; P < .001),
decreased the need for vasoactive drugs (3% vs 13%; P ¼ .02),
and reduced the rate of readmission to hospital at 90 days (18%
vs 32%; P ¼ .02).98 Ultrafiltration offers the potential of greater
volume and sodium removal as compared with conventional
therapies in a more expeditious manner. Ultrafiltration should
be considered in volume-overloaded patients who have
responded poorly to low-dose loop diuretics. This modality of
treatment should probably be avoided in patients with the cardior-
enal syndrome.

Management of AF

Atrial fibrillation may occur in up to 50% of patients with
severe HF. If AF causes sudden severe worsening of HF
immediate cardioversion may be necessary. Most patients, how-
ever, can be stabilized using amiodarone or digoxin to control
heart rate. Approximately 60% of patients with acute AF (less
than 1 week) will spontaneously revert to sinus rhythm. A rando-
mized placebo-controlled study demonstrated that the rate of

conversion of acute AF to sinus rhythm was similar in a group
of patients treated with amiodarone compared to the group
receiving placebo.99 It has previously been assumed that the
prognosis of patients with HF and AF was improved if these
patients were reverted to sinus rhythm. However, a recent RCT
demonstrated that a strategy of rhythm control does not reduce
the rate of death or cardiovascular complications as compared
to a rate-control strategy.100 Furthermore, a strict rate-control
strategy (resting heart rate <80 beats/min) offers no advantage
over a more lenient rate-control strategy (resting heart rate
<110 beats/min).101

Management of Hypertension

Reduction of blood pressure may in itself have a beneficial
effect on the signs and symptoms of HF. Hypertension is a rela-
tive concept in patients with HF. Although a blood pressure of
135/85 mm Hg may be acceptable for a patient with a normal
EF, the same blood pressure may be harmful for patients with
LV systolic dysfunction. Intravenous nicardipine or clevidipine
followed by treatment with on oral ACE inhibitor, ARBs, or
amlodipine is recommended for blood pressure control in these
patients.71

Anemia

Anemia is common and a poor prognostic indicator in HF.39,102

Multiple factors contribute to the anemia of HF including
decreased erythropoietin production due to kidney injury, ACE
inhibitors (inhibit erythropoietin production), increased levels
of proinflammatory mediators, gastrointestinal blood loss due
to antiplatelet drugs, as well as iron deficiency.102 Blood trans-
fusions, however, do not improve outcome. Blood transfusions
have a myriad of deleterious effects including immune dys-
function and activation of inflammatory and coagulation path-
ways increasing the risk of infection, acute lung injury, deep
venous thrombosis (DVT), myocardial infarction, multiorgan
dysfunction, and death.103,104 Blood transfusion (a single unit
at a time) should only be considered in highly symptomatic
patients with hemoglobin below 7 to 8 g/dL.104 Intravenous
iron (200 mg ferric carboxymaltose) has been demonstrated
to improve symptoms in NYHA class II or III patients who had
an EF of less than 45% and had an iron-deficiency anemia (fer-
ritin < 100 ug/L and a hemoglobin less than 13.5 g/dL).105

Intravenous iron should therefore be considered in patients
(nonseptic) with ADHF who have an iron-deficiency anemia.
Erythropoiesis-stimulating agents (ESAs) appear to have lim-
ited clinical benefits in anemic patients with HF.106

Other Management Issues

Routine anticoagulation is not recommended. Patients with a
history of systemic or pulmonary embolism, recent AF, or
mobile left-ventricular thrombi should be anticoagulated aiming
to achieve a prothrombin time ratio of 1.2 to 1.8 times control
(international normalized ratio [INR] 2.0-3.0). Patients admitted
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to hospital with ADHF are at high risk for DVT and pulmonary
embolism and should receive DVT prophylaxis.107,108 Depres-
sion is common in patients admitted to hospital with ADHF and
negatively affects outcome.109 Depression screening and consul-
tation with a psychiatrist is therefore recommended. Patients
with HF are frequently malnourished; malnutrition may be an
independent predictor of poor outcome.110 In addition, patients
with HF are frequently deficient in thiamine, L-carnitine, and
CoQ10.111,112 Supplementation with these micronutrients, par-
tially thiamine may improve cardiac function.113 Nutritional
optimization in consultation with a dietician is recommended.

Automated Implantable Cardioverter Defibrillators
and Resynchronization Therapy

Sudden cardiac death is the mode of death in approximately
half of all patients with HF. Patients with both ischemic and
nonischemic cardiomyopathy with an EF < 35% benefit from
placement of an automated implantable cardioverter defibrillator
(AICD).114,115 Mechanical dyssynchrony, defined as nonsyn-
chronous contraction between the walls of the LV or between the
ventricular chambers, impairs systolic function, adversely
affects ventricular filling, increases wall stress, and worsens
MR.116 Dyssynchrony is most readily defined by the presence
of QRS widening on the electrocardiogram and can be visualized
on 2-dimensional echocardiography. Cardiac resynchronization
therapy (CRT) with biventricular pacing results in more syn-
chronous ventricular contraction, reverses remodeling, improves
ventricular function, and is associated with a significant reduc-
tion in morbidity and mortality in patients with an EF < 30% and
a QRS duration"130 ms.117-119 Cardiac resynchronization ther-
apy with an implantable pacemaker defibrillator appears to offer
greater benefit than CRT with a pacemaker alone.120 At this
time, CRT should not be used as salvage therapy in patients with
ADHF but should be considered in suitable candidates once the
patient’s condition has stabilized.116

Surgical Options

With advances in myocardial protection and preoperative
imaging, coronary revascularization has become an option
in selected patients with HF. In patients with symptomatic
disease and viable myocardium that can be correlated with
ischemic disease, coronary artery bypass graft (CABG) can
offer improvement in symptoms and survival.121 Surgical
ventricular reconstruction when added to CABG appears to
offer little advantage.122 Patients with LV systolic dysfunc-
tion frequently develop MR as consequence of LV remodel-
ing (secondary or functional MR). Moderate-to-severe MR
occurs in between 15% and 30% of patients with HF. In
selected patients with severe MR, surgical correction may
improve symptoms and quality of life.123 Surgical correction
of secondary MR typically consists of placement of a pros-
thetic annular ring and in some cases correction of the mitral
apparatus. Percutaneous repair of the mitral valve using the
MitraClip system (Evalve Inc, Menlo Park, California)

appears to be a safe and effective alternative that has
produced promising results.124

Mechanical Support Devices

With technological advances in mechanical devices, nonphar-
macologic approaches are now available to supplement the
pharmacologic management of HF. Left ventricular assist
devices (LVADs) are mechanical blood pumps that serve to
augment the function of the LV. In patients with ADHF,
LVADs may be used as a bridge to heart transplantation or
as permanent therapy also known as destination therapy. Left
ventricular assist devices have been demonstrated to increase
survival and improve the quality of life and functional capacity
of patients with refractory HF.125 Most currently available
LVADs are surgically implanted and require cardiopulmonary
bypass to implant. The TandemHeart (CardiacAssist, Inc, Pitts-
burgh, Pennsylvania) device is a left atrial to femoral arterial
bypass system that can be inserted percutaneously and is able
to provide active flow via a centrifugal pump independent of
native heart rhythm.126 Left ventricular assist devices should
be considered in suitable patients who are not candidates for
heart transplantation.

Conclusion

Acute decompensated heart failure is the most common reason
for hospitalization in Western nations. Yet, epidemiological
studies suggest that the majority of these patients receive
treatment that is inadequate and which is not based on scientific
evidence. An appreciation of the advances in our understanding
of ADHF and its management should improve the outcome of
patients with this ultimately fatal disease.
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