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Management of Acute
Decompensated Heart Failure

G. William Dec, MD

Abstract: Acute decompensated heart failure is the
most common cause for hospitalization among patients
over 65 years of age. It may result from new onset of
ventricular dysfunction or, more typically, exacerba-
tion of chronic heart failure symptoms. In-hospital
mortality remains high for both systolic and diastolic
forms of the disease. Therapy is largely empirical as
few randomized, controlled trials have focused on this
population and consensus practice guidelines are just
beginning to be formulated. Treatment should be fo-
cused upon correction of volume overload, identifying
potential precipitating causes, and optimizing vasodi-
lator and beta-adrenergic blocker therapy. The major-
ity of patients (>90%) will improve without the use of
positive inotropic agents, which should be reserved for
patients with refractory hypotension, cardiogenic shock,
end-organ dysfunction, or failure to respond to conven-
tional oral and/or intravenous diuretics and vasodilators.
The role of aldosterone antagonists, biventricular pacing,
and novel pharmacological agents including vasopressin
antagonists, endothelin blockers, and calcium-sensitizing
agents is also reviewed. (Curr Probl Cardiol 2007;32:

321-366.)
H eart failure is the only common cardiovascular disease in the
United States that has a rising prevalence (Fig 1).1-3 The latest
statistics from the American Heart Association estimate that

pproximately five million Americans have this disorder.1 The current
ncidence of disease exceeds 400,000 new symptomatic cases per year
nd it directly accounts for 250,000 deaths annually.1,4 Between 1.5 and
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% of the U.S. population have symptomatic heart failure and its
revalence is estimated to range from 6 to 10% for individuals over the
ge of 65 years.1 The burden of heart failure and its public health
mplications are greatest in the elderly, where its prevalence exceeds 10%
or individuals over 80 years of age.1 Among patients hospitalized with
cute decompensated heart failure (ADHF), 80% are over 65 years of
ge.4,5 In the Acute Decompensated Heart Failure Registry (ADHERE),
he median age of 27,000 patients hospitalized for heart failure was 75
ears.5

ADHF is the most common indication for hospitalization in the United
tates and results in nearly one million hospitalizations annually.1 Heart
ailure admissions have grown steadily during the past two decades;
ince 1979, there has been an increase of 164% in heart failure
ospitalizations.1 Patients hospitalized with ADHF are at high short-term
isk of death or rehospitalization; short-term readmission rates range from
5 to 50%.6,7 Additionally, repeat hospitalizations for heart failure are a
ajor component of health care costs with about 75% of the more than 10

illion dollars spent annually on heart failure care directed to the cost of
ospitalization.7 In-hospital mortality for all participants in the ADHERE
egistry averaged 4% but was substantially higher in the cohort over 75

IG 1. Evolving profile of deaths resulting from coronary artery disease (CHD) and chronic heart
ailure (CHF) in the United States from 1978 to 1996. [Used with permission; Adams KF. Am J

ed 2001;110(supp 7A):6S-13S (Fig 1).]
ears of age.5 The mortality rate attributable to heart failure hospitaliza-
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ion is highest in the elderly and approximates that of acute myocardial
nfarction.5 Potential explanations for the high prevalence of heart failure
n the elderly include the high rate of hypertension, ventricular
emodeling from prior myocardial infarction, age-related loss of
unctional myocytes (which averages 5%/year among patients �65
ears of age), and increased extracellular matrix that contributes to
lterations in left ventricular compliance. Several of these features
ombine to create a ventricular phenotype of “heart failure with a
reserved systolic function.” Thus, 40 to 50% of heart failure
dmissions in the elderly occur in the setting of preserved systolic
unction; however, these episodes carry the same in-hospital rate of
ortality.5 Further, Smith et al have shown that all-cause readmission

ates (hazard ratio [HR], 0.77; 95% confidence intervals [CI], 0.38 to
.56) did not differ between systolic and diastolic heart failure.8

urther, the likelihood of developing worsening of functional capacity
as nearly identical between systolic and diastolic heart failure
atients during the next year.

. Mills and J. Narula: Although the cellular and physiologic details of heart
ailure are critically important, clinicians must also consider the important
sychosocial and psychological issues of the HF population. Many of these
F patients are alone, deprived of the social support, and depressed. Some
f the “noncompliance” issues in this population may reflect deteriorating
ognitive function, limited coping skills, and inability to deal with expensive
olypharmaceutical medical regimens.

Most (�70%) acute heart failure admissions are the result of worsening
f chronic heart failure.9 The differentiation of new-onset decompensated
eart failure from subacute or acute worsening of chronic heart failure is
mportant as their pathophysiologies differ.10,11 Patients with new-onset
eart failure have intense sympathetic activation and enhanced microvas-
ular permeability.11 Consequently, jugular venous distension may be
ore difficult to assess in these patients because of venous vasoconstric-

ion and redistribution of fluids. Over 60% of patients hospitalized with
DHF have a history of coronary artery disease (53 to 70%), hyperten-

ion (�30%), chronic or paroxysmal atrial fibrillation (�45%), diabetes
ellitus (�20%), or renal dysfunction (�20%).12 Approximately 80% of

cute heart failure admissions occur via the emergency room and
trategies to target patients at high risk for readmission such as disease
anagement programs attempt to avoid this avenue for treatment when-
ver possible. While dramatic, only 10% of patients with acute decom-
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ensation present with “sudden onset” pulmonary edema.13 The majority
f patients typically demonstrate progressive heart failure symptoms that,
f identified early enough, may be amenable to intensification of outpa-
ient pharmacologic therapy.

stablishing the Diagnosis of Heart Failure
Symptoms remain the most sensitive method for diagnosing overt heart

ailure.14 Orthopnea and paroxysmal nocturnal dyspnea are the most
pecific symptoms. Sensitivity of common symptoms ranges from 23 to
6% and their specificity ranges from 52 to 81%.14 Pulmonary rales are
bsent in up to 80% of patients with chronic heart failure due to
nhancing pulmonary lymphatic drainage but often appear during periods
f acute decompensation.9 Likewise, peripheral edema is evident in only
5% of patients under the age of 70 years with chronic heart failure but
t is more prevalent during periods of hospitalization.15 In advanced heart
ailure, a positive hepatojugular reflux and Valsalva square-wave signs
ay provide ancillary evidence of elevated filling pressures during

eriods of decompensation.15 Unfortunately, accurate definition of heart
ailure due to systolic versus diastolic dysfunction is not possible based
n physical examination, electrocardiographic findings, or chest x-ray
ndings.16 This is not entirely surprising as heart failure is a syndrome
nd has a variety of potential etiologies. Given the important differences
n treatment and prognosis, echocardiographic evaluation should be
ndertaken in all patients with suspected new diagnosis of heart failure to
ifferentiate its pathophysiology.

. Mills and J. Narula: The advent of widely available laboratory measures of
NP (Biosite Triage assay) or NT-proBNP (Roche) represents a significant
dvance in the clinical diagnosis of HF. The Breathing Not Properly (BNP)

Maisel AS: New Engl J Med 2002;347:161-7) and BASEL (Mueller C: New
ngl J Med 2004;350:647-4) studies have demonstrated that addition of BNP
r NT-proBNP levels to clinical assessment significantly enhances the
ccuracy of diagnosis and effectiveness of acute management. We have a lot
o learn about these assays, and exactly what molecular species they
easure. With increased use, we have learned that HF patients with

ignificant obesity often have relatively low natriuretic hormone levels.
onetheless, ADHF risk assessment using biomarkers, including both mea-
urement of natriuretic hormones and troponin and troponin determinations,
learly adds important new data highly relevant to clinical care.

eversible Causes for Acute Decompensation
A careful search should be undertaken for reversible or precipitating
actors causing exacerbation of chronic heart failure symptoms (Table 1).

24 Curr Probl Cardiol, June 2007
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cute decompensation is often precipitated by a new disturbance that
laces additional hemodynamic load on the failing ventricle such as an
nfection or tachyarrhythmia. The most frequent cause of reversible
ardiac decompensation is noncompliance with a complex dietary and
harmacological treatment regimen. An increase in dietary sodium intake,
uid intake, or inappropriate decrease in medications can precipitate
eart failure in this population. The possibility of reversible myocar-
ial ischemia causing transient ventricular noncompliance, myocardial
ibernation, or myocardial infarction should always be considered.4

evascularization is often quite useful if active angina accompanies acute
eart failure or substantial areas of viable myocardium with impaired
oronary blood flow at rest or during low level exercise are documented.4

he benefit of revascularization is most evident when left ventricular
ysfunction is accompanied by three-vessel coronary artery disease or
ignificant left main coronary disease, substantial viable myocardium is
vident, and coronary anatomy is suitable for complete coronary revascular-
zation.
Hypertension is now a less common cause of heart failure than in the
ast but may be an important contributor, particularly among African
mericans.17 Even modest elevations in arterial pressure (�130 mmHg)

an further compromise a failing left ventricle and should be aggressively
reated.
Tachyarrhythmias may cause a reversible form of dilated cardiomy-
pathy in previously normal hearts. More commonly, supraventricular
achyarrhythmias lead to further deterioration in ventricular function
nd heart failure symptoms. Atrial fibrillation is present in approxi-

ABLE 1. Potentially reversible causes of decompensated heart failure

Dietary or pharmacological noncompliance
Systemic infection
Myocardial ischemia
Acute or worsening valvular insufficiency
Supraventricular tachycardias
Uncontrolled hypertension
Alcohol consumption
Cocaine, amphetamines, excessive bronchodilator use
Sleep disordered breathing
Hyperthryoidism and hypothyroidism
Anemia
Pulmonary embolism
Peripartum cardiomyopathy
ately 20% of patients with chronic heart failure. Restoration of
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ormal sinus rhythm or adequate control of a rapid ventricular response
ate are frequently associated with marked clinical and echocardiographic
mprovement.
Heavy alcohol consumption is estimated to cause approximately 10% of

ases of dilated cardiomyopathy in adults and often goes unrecognized.
wo or more drinks daily may be sufficient to worsen heart failure among
atients with underlying left ventricular dysfunction. Cocaine, amphet-
mines, and other drugs may also contribute to acute dilated cardiomy-
pathy.
Both hyper- and hypothyroidism may compromise cardiac function and

hese etiologies should be considered in the patient with unexplained
orsening of heart failure symptoms. Anemia, both acute and chronic,
ay lead to decompensation in patients with previously stable ventricular

ysfunction. Finally, a variety of drugs may exacerbate heart failure.
irst-generation calcium antagonists have been associated with clinical
eterioration and decreased survival among patients with heart failure.
nti-arrhythmic agents that depress myocardial contractility (such as
isopyramide and sotalol) may transiently aggravate heart failure symp-
oms. Beta-blockers, while beneficial for long-term therapy, may also
cutely exacerbate heart failure symptoms when initiated rapidly or given
n high doses to patients with advanced left ventricular systolic dysfunc-
ion. Nonsteroidal anti-inflammatory agents are a frequent cause of fluid
etention and deterioration in renal function and can worsen symptoms
nd signs of heart failure.

linical Presentations
Indications for hospitalization for patients with ADHF have recently
een summarized by the Heart Failure Society of America’s updated
ractice guidelines (Table 2).18 A minority of patients (10 to 20%)
resent with hypertension and marked interstitial/alveolar pulmonary
dema. Increased sympathetic tone leads to redistribution of fluids
rom the systemic to the pulmonary circulation. These patients are
ften older and more likely to be female. Symptom onset is typically
apid; left ventricular systolic function is preserved, and marked
levations in pulmonary capillary wedge pressure are noted.10,13 In
ontrast, the majority of patients typically present with gradual
orsening of symptoms (over days), normal blood pressure, less
ulmonary congestion but more weight gain, and peripheral edema.
hese patients are younger and often demonstrate little or no overt
ulmonary congestion despite low ejection fractions and chronically

levated pulmonary capillary wedge pressures.10 Finally, a small

26 Curr Probl Cardiol, June 2007
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inority (�10%) will present with hypotension and markedly de-
ressed cardiac index as manifested by cool, mottled extremities,
nd-organ hypoperfusion, overt pulmonary edema (3%), or cardio-
enic shock (�1%).12

. Mills and J. Narula: The ADHERE registry data (ADHERE® Q1 2006
ational Benchmark Report: JAMA 2006;293:572-80) showed that half of all
DHF patients presented with systolic BP greater that 140 mmHg. Interest-

ngly, many of these patients had impaired LVEF. Sweitzer and associates
JACC 2005;45:13A) had shown that increased pulse pressure, rather than
ncreased systolic BP alone, correlated with HF and preserved systolic
unction. In ADHERE, patients with HF and preserved systolic function
ended to be older women with hypertension, wide pulse pressure, and
mpaired renal function. These findings suggest that the syndrome of HF with
reserved systolic function may be a primary vascular disorder, driven more
y impaired vascular compliance than the classic neurohormonal pathways
f HF with impaired LVEF.

ABLE 2. Recommendations for hospitalization of patients with acute decompensated heart
ailure symptoms

ospitalization recommended Evidence of severely decompensated heart failure:
Hypotension
Worsening renal function
Altered mentation

Dyspnea at rest:
Resting tachypnea
Oxygen saturation �90%

Hemodynamically significant arrhythmias
Acute myocardial ischemia

ospitalization should be
considered

Worsening congestion even without dyspnea
Weight gain �5 kg
Signs or symptoms of pulmonary or systemic

congestion
Major electrolyte disturbances
Associated comorbidities:

Pneumonia, pulmonary embolus
Uncontrolled diabetes mellitus

Symptoms suggestive of stroke or transient
ischemic attack

Repeated ICD firings
Previously undiagnosed heart failure with sign or

symptoms of systemic or venous congestion

Reproduced with permission from Adams KF, Lindenfeld J, Arnold JM, et al. J Card Fail
006;12:30 (Table 12.1).]
urr Probl Cardiol, June 2007 327
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athophysiologic Considerations

A variety of potential pathophysiologic mechanisms are at work during
n ADHF episode. A key feature is volume overload with pulmonary
nd/or venous congestion. Hemodynamic measurements typically reveal
ncreased right- and left-sided ventricular filling pressures; cardiac index
s often but not always depressed. Congestion may be related to poor
dherence to diet or medication or progression of left ventricular
ysfunction with concomitant activation of vasoconstrictor neurohor-
ones and worsening renal dysfunction. Other comorbidities, particularly

oorly controlled hypertension, new-onset atrial fibrillation, or active
yocardial ischemia may each contribute to acute decompensation.
The cardiorenal syndrome is increasingly recognized to play an impor-

ant role in ADHF.10 Angiotensin II actively induces secretion of
ndothelin-1 and vasopressin. Further elevation of these neurohormones
eads to sodium and fluid retention, increased myocardial wall stress, and
ecreased renal perfusion. A deleterious positive-feedback loop is often
stablished resulting in chronic elevation of vasoconstrictor neurohor-
ones and worsening heart failure.10

. Mills and J. Narula: No authoritative definition exists for the “cardio-renal
yndrome.” This term has been used to explain clinical resistance to oral
iuretics, on one hand, to impending need for renal replacement therapy on
he other. At least three processes may cause increased azotemia in HF
atients, and two of the three processes are associated with poor outcomes:

1) Increased prerenal azotemia associated with excessive diuresis, intravas-
ular volume depletion, or poor perfusion and (2) increasing azotemia on the
asis of progressive (comorbid) parenchyma renal disease. Both processes
o not bode well for the patient. On the other hand, within acceptable limits
he increases in serum creatinine associated with RAAS-blocking pharma-
otherapy may be associated with improved long-term outcomes (Bakris:
rch Intern Med 2000;160:685-93).

Myocardial injury is now recognized as an important element of the
DHF syndrome.10 Myocyte loss is triggered by subendocardial myo-

ardial ischemia, mechanical strain (consequent to elevated filling pres-
ures), neurohormonal activation (eg, angiotensin II, endothelin, aldoste-
one), inflammation, and oxidative stress (Fig 2).19 Myocyte loss occurs
ia both necrosis and apoptosis. Perna et al have convincingly demon-
trated that over 50% of patients with cardiogenic pulmonary edema (but

ithout evidence for myocardial infarction) have elevated troponin T

28 Curr Probl Cardiol, June 2007
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IG 2. Potential pathogenesis of myocardial injury during periods of acute decompensated

eart failure. [Used with permission; Maytin M, et al. Am J Cardiol 2005;96(suppl):29G.]
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evels.20 Strategies aimed at preventing or limiting acute myocardial
njury should be considered a treatment goal during management of the
cute episode of decompensation.

. Mills and J. Narula: Peacock and colleagues have recently shown that the
ortality risk for any given level of BNP elevation roughly doubles if troponin

ssays are also positive (Peacock: Circulation 2006:114:II-771).

redictors of Prognosis

hronic Heart Failure
During the past two decades, over 50 variables have been examined in
nivariate and multivariate models and shown to predict mortality in heart
ailure populations. Unfortunately, no single study has assessed all, or
ven most, of these predictors simultaneously in a multivariate fashion.
hus, it is impossible to rank prognostic factors strictly on their order of

mportance in an ambulatory population. Nonetheless, several factors
ppear repeatedly in the published literature. In his comprehensive
eview, Eichorn identified plasma norepinephrine level, B-type natriuretic
eptide level, left ventricular ejection fraction, peak oxygen uptake during
ardiopulmonary exercise testing, advanced age, and a history of symp-
omatic ventricular arrhythmias or sudden death as the most important
redictors of outcome in chronic compensated heart failure populations.21

omen typically had lower mortality rates than men, while African
mericans appear to have less favorable outcomes than other racial
roups.22 Findings on physical examination, particularly the presence of
chronic third heart sound, elevation in jugular venous pressure, and the
resence of moderate-to-severe mitral or tricuspid regurgitation predict
ncreased morbidity and mortality.23-25

ospitalized Patients
Patients hospitalized for ADHF have a 2.4-fold higher 4-year mortality

ate than that observed for stable chronic heart failure patients (60%
ersus 15%).11 Only a small number of studies are available that predict
hort-term outcomes in ADHF patients.26,27 Risk stratification at the time
f hospitalization is not specifically addressed in the most recent
merican Heart Association/American College of Cardiology Guidelines

or Heart Failure Management.4 Almost a decade ago, Chin and Goldman
dentified systolic blood pressure below 90 mmHg (adjusted OR, 5.5;

5% CI, 1.7 to 17.1), respiratory rate above 30 breaths/min (OR, 4.6; 95%

30 Curr Probl Cardiol, June 2007
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I, 2.4 to 8.8), serum sodium �135 mEq/L (OR, 2.2; 95% CI, 1.3 to 4.0),
nd ST T-wave abnormalities on admission electrocardiogram (OR, 5.1;
5% CI, 2.9 to 8.9) as independent predictors of major complications or
eath during the index hospitalization by multivariate analyses.28 Hypo-
atremia has been convincingly shown to predict increased short-term
ortality in hospitalized patients.29 The Outcomes of a Prospective Trial

f Intravenous Milrinone for Exacerbations of Chronic Heart Failure
OPTIME-CHF) evaluated the relationship between admission serum
odium and primary and secondary endpoints that included in-hospital
ortality, 60-day mortality, and 60-day mortality plus rehospitalization

ates. The number of days hospitalized for cardiovascular causes was
ighest among patients in the lowest quartile for serum sodium; 60-day
ortality was also highest in this cohort, and a trend toward higher

ehospitalization rates was also noted.29 Table 3 lists independent
arameters that had been correlated with clinical outcomes among
ospitalized patients with heart failure. These include older age,30 male
ex,31 heart failure etiology,31,32 history of previous heart failure hospi-
alization,33 respiratory rate,26 anemia,33 comorbid conditions,26,31 and
redischarge B-type natriuretic peptide level.34,35

The utility of biomarkers as prognostic indicators for ADHF outcomes
as recently been validated. B-type natriuretic peptide (BNP) is released
rom the myocardium in response to increased wall stress and shows a

ABLE 3. Predictors of adverse outcome during hospitalization for acutedecompensated heart
ailure

Hypotension
Renal dysfunction
Older age
Male gender
Ischemic heart failure etiology
Previous heart failure hospitalizations
Respiratory rate on admission �30/min
Anemia, acute or chronic
Hyponatremia
Elevated troponin T or I
Elevated pre-discharge B-type natriuretic peptide level
Left ventricular ejection fraction �40%
Comorbid conditions:

Chronic obstructive pulmonary disease
Dementia
Cerebrovascular or peripheral vascular disease
Hepatic cirrhosis
Malignancy
odest relationship to left ventricular filling pressures. Increased BNP at

urr Probl Cardiol, June 2007 331
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ospital discharge appears to identify patients at increased risk for
eadmission or death following treatment for ADHF (Fig 3).34,35 Tropo-
in I or T release occurs in 30 to 70% of ADHF patients.36 Elevated
roponin I or T is associated with a 2-fold increase in postdischarge
ortality and a 3-fold increase in rehospitalization rates.36 Further, the

ombination of elevated BNP and troponin has been associated with a
2-fold increased risk of mortality.37 Ongoing trials are now evaluating
he use of these biomarkers to guide management in ADHF patients.
Lee and colleagues, using data from an analysis of a large Canadian

ohort of patients hospitalized for ADHF, identified older age, lower
ystolic blood pressure, higher blood urea nitrogen, and severity of
yponatremia as independent predictors of hospital mortality.26 Felker
nd colleagues, using data from the OPTIME-CHF trial of 949 patients
ospitalized with ADHF, identified increased age, lower systolic blood
ressure, New York Heart Association (NYHA) class IV symptoms,
levated blood urea nitrogen, and decreased serum sodium as predictors
f 30-day mortality.38 Predictors of a composite endpoint of death or
ehospitalization within 60 days included the number of heart failure

IG 3. Kaplan–Meier curves showing the cumulative incidence of deaths or readmissions
ccording to predischarge B-type natriuretic peptide (BNP) level cutoff value of 350 ng/L in a
alidation cohort. [Used with permission; Logeart D, et al. J Am Coll Cardiol 2004;43:635-41
Fig 3).]
ospitalizations during the preceding 12 months, elevated blood urea

32 Curr Probl Cardiol, June 2007
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itrogen, lower systolic blood pressure, anemia, and a history of percu-
aneous coronary intervention.38 Renal dysfunction has recently been
ecognized as an extremely important predictor of heart failure outcome.
eterioration in renal function may occur from diminished cardiac output

nd a corresponding reduction in glomerular filtration rate, alterations in
he distribution of cardiac output, intrarenal vasoregulation, alterations in
irculatory volume, more intense neurohormonal activation, and/or the
ephrotoxic effects of medications administered during hospitalization.39

pproximately 25% of hospitalized patients with heart failure will exhibit
deterioration in renal function despite appropriate medical therapy.40 A

ise in serum creatinine of only 0.1 to 0.5 mg/dL is associated with a
onger hospital length of stay and increased in-hospital mortality.41 This
onstellation of poorly understood pathophysiologic mechanisms has
een termed the “cardiorenal syndrome” and its optimal management
emains to be defined.

. Mills and J. Narula: Alterations in SCr represent a final common
anifestation of many inputs to the kidney: changes in perfusion pressure,

hanges in renal blood flow, and changes in the neurohormonal milieu. If an
ncrease in SCr of 0.5 mg/dL occurs in association with high-dose diuretic

anagement, the outcome is often longer hospitalization and increased risk
or death. On the other hand, in a stabilized patient who is clinically
uvolemic, with hypertension, diabetes, and a baseline SCr of 2.0, an

ncrease in SCr of 0.5 mg/dL in association with the initiation of ACE-inhibitor
herapy would be acceptable (Bakris: Arch Intern Med 2000;160:685-93).

Fonarow et al, using ADHERE registry data, performed the most
etailed risk stratification of in-hospital mortality for ADHF.42 The
DHERE registry tracks patients hospitalized with a primary diagnosis of
DHF in 263 hospitals in the United States. The initial 33,046 hospital-

zations served as the derivative cohort (October 2001-February 2003)
nd facilitated the development of a predictive model for in-hospital
ortality. The validity of the model was prospectively tested using data

rom 32,229 subsequent hospitalizations (validation cohort, March-July
003). Patients had a mean age of 72.3 years and 52% were female.
ecursive partitioning of the derivation cohort for 32 key variables

ndicated that the best single predictor for mortality was high admission
evel of blood urea nitrogen (�43 mg/dL), followed by an admission
ystolic blood pressure below 115 mmHg and a serum creatinine level
2.75 mg/dL. On the basis of these three variables, patients were readily

tratified into groups at low, intermediate, and high risk for in-hospital

ortality with mortality rates ranging from 2.1 to 21.9% (Fig 4). Once

urr Probl Cardiol, June 2007 333
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gain, the importance of indices of renal function in predicting in-hospital
ortality risk was confirmed. The early identification of patients at

ncreased risk may ultimately lead to better strategies designed to improve
heir outcome.

oals of Therapy
Treatment goals differ between ambulatory heart failure patients with

hronic symptoms and patients admitted with ADHF.18 Principal goals
or chronic heart failure include relief of symptoms (congestion and low
utput), improvement in submaximal exercise capacity, fewer hospital-
zations and/or emergency room visits for heart failure management,
melioration of left ventricular remodeling, and improvement in survival.

hile all of these goals are important considerations during hospitaliza-
ion, the specific goals of therapy are much more focused on immediate
anagement. The first and foremost goal is rapid relief of symptoms. The

ast majority of patients present with symptoms of congestion (ie, volume
verload) due to elevated ventricular filling pressures. Every effort should
lso be made to improve end-organ perfusion. Arrhythmias, particularly
hose that could exacerbate heart failure such as rapid atrial fibrillation or

IG 4. In-hospital mortality based upon regression modeling. Log-odds of mortality was
alculated for all patients in a derivation cohort and risk group cut-points were established at
ercentile rankings equivalent to initial classification and regression tree models (65th, 78th,
5th, and 98th percentiles). [Used with permission; Fonarow GL, et al. JAMA 2005;293:572-
0.]
utter, should be controlled. Following immediate stabilization, each

34 Curr Probl Cardiol, June 2007
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atient’s pharmacologic regimen should be reviewed in detail to ensure
hat it has been optimized (see below). This is also an opportunity for
atient and family education regarding the signs, symptoms, and man-
gement of heart failure as well as specific information regarding
edications and their role in treatment. Finally, hospitalization provides

nother opportunity to consider other treatment options, specifically,
oronary revascularization for patients with underlying ischemic heart
isease, cardiac resynchronization therapy for individuals who remain in
ormal sinus rhythm and demonstrate evidence for left ventricular
yssynchrony, or investigational agents for those with refractory symp-
oms (see below).

. Mills and J. Narula: Treatment goals in ADHF should reflect a careful
ssessment of the balance of benefit and risk. Many emergency and primary
are physicians who manage HF patients are unaware of the impact of early

nitiation of vocative therapy and tend to rely far too much on repeated doses
f loop-blocking diuretics, further activating the RAAS in these patients

Peacock: Cardiology 2007;107:44-51). Reasonable goals include rapid relief
f symptoms and improvement of hemodynamics without further exacerba-
ion of the underlying neurohormonal disorder, followed by instruction of
ppropriate diet, activity, and oral drug therapy.

emodynamic Assessment and Monitoring
Nohria and colleagues have popularized a 2-minute bedside clinical

ssessment tool to ascertain the hemodynamic profiles for heart failure
atients (Fig 5).43,44 The two fundamental hemodynamic abnormalities
elate to presence or absence of elevated filling pressures (so-called “wet”
r “dry” profiles) and end-organ perfusion that is adequate or impaired
“warm” or “cold” profiles). Physical findings have been shown to
orrelate reasonably closely with acute hemodynamic measurements and
o determine prognosis following hospital discharge.44-46 Identification of
levated filling pressures in chronic heart failure patients relies heavily on
he symptoms of orthopnea and paroxysmal nocturnal dyspnea and the
nding of elevated jugular venous pressure. Rales are absent in more than
0% of patients with chronically elevated filling pressures but may be
vident during periods of acute decompensation. Likewise, peripheral
dema is relatively insensitive for detecting elevated right-sided filling
ressures. The most accessible evidence for adequate perfusion is blood
ressure. Pulse pressure is also important. Patients with evidence for
ulsus alternans typically have severely reduced perfusion.45 Cool fore-

rms and legs may be more specific for low cardiac output than cool
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ands and feet.45 Inadequate perfusion should be suspected when patients
ith obvious volume overload develop symptomatic hypotension, partic-
larly during treatment with low-dose vasodilator therapy.45

“Warm and dry” patients have normal resting hemodynamics and are
ell compensated. Other potential etiologies for their acute dyspnea or
orsening fatigue should be considered such as pulmonary embolism,
bstructive lung disease, or infection. The majority (50 to 60%) of
atients admitted with worsening heart failure symptoms fit into the
warm and wet profile.”44 These individuals are volume overloaded but
emonstrate adequate end-organ perfusion. The primary treatment goal is
elief of “congestive symptoms.” Intravenous loop diuretics alone (or
ombined with the thiazide agent) should be initiated. The maintenance
ose of angiotensin-converting enzyme (ACE) inhibitor or angiotensin
eceptor blockers should generally be continued. Likewise, patients who
espond adequately to enhanced diuretic therapy need not have their

IG 5. Diagram indicating 2 � 2 table of hemodynamic profiles for patients presenting with
eart failure. Most patients can be classified in a 2-minute beside assessment according to their
igns and symptoms. This classification system can help guide therapy and predict prognosis.
Used with permission; Nohria A, et al. JAMA 2002;287:628-40 (Fig 4).]
utpatient beta-blocker dose decreased. For patients who are difficult to
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iurese, beta-blocker dose should be decreased by at least 50% or the drug
ay be withheld for several days and then reinstituted at half of the usual

utpatient dose.

. Mills and J. Narula: In the ADHERE registry also, about 2% of patients
resented with systolic BP less than 90 mmHg. Such patients can undergo
ery rapid assessment in the emergency department. If the BUN is over 43
g/dL, and/or the SCr �2.7, the hypotensive patient is at high risk for death

�20%) on the index admission (Fonarow GC: JAMA 2005;293:572-80). After
ppropriate discussion among the treating physician, the patient, and the
amily, hemodynamic assessment and “tailored therapy” remain appropriate
or this group of patients.

A very small minority of patients (�5%) will fall into the “cold and
ry” profile. These individuals have impaired cardiac output but do not
dequately utilize the Frank–Starling mechanism to increase their pre-
oad. Judicious hydration should be attempted. Patients who fail to
emonstrate improvement in end-organ perfusion may require a positive
notropic agent such as dobutamine or milrinone (see below).
Approximately 20% of ADHF patients will demonstrate marked hemo-
ynamic abnormalities on admission (“cold and wet” profile). These
atients have impending cardiogenic shock. Potential causes for acute
ecompensation such as recent myocardial infarction, rhythm change,
orsening valvular heart disease, or medication noncompliance should be

ought. The recently completed ESCAPE trial randomized 433 patients at
6 sites to receive conventional medical therapy based on physical signs
nd symptoms alone versus tailored hemodynamic monitoring following
nsertion of a pulmonary artery catheter.47 Therapy to reduce volume
verload during hospitalization led to marked improvement in signs and
ymptoms of elevated filling pressures in both groups. Use of a pulmo-
ary artery catheter to “guide therapy” did not significantly affect the
rimary endpoint of days alive and out of hospital during the first 6
onths following treatment (HR, 1.00), mortality (10% versus 9%), or

he number of days hospitalized (8.7 versus 8.3).47 In-hospital adverse
vents, however, were more common among patients in the pulmonary
rtery catheter cohort (21.9% versus 11.5%, P � 0.04). No deaths related
o pulmonary artery catheter use were noted.
Certain high-risk subgroups may, nonetheless, benefit from short-term
emodynamic monitoring for management of ADHF. Principal indica-
ions include evidence for worsening end-organ dysfunction, need for

ithholding vasoactive medications due to hypotension or renal failure,
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eart failure associated with other medical comorbidities (ie, unstable
ngina pectoris or valvular heart disease), or inability to wean positive
notropic support (Table 4).18 The use of “tailored” hemodynamic
reatment for refractory heart failure is outlined in Table 5.43,45

. Mills and J. Narula: For many patients with ADHF, the reduction in RAAS
ctivation associated with intravenous vasodilators offers an opportunity to

nitiate low-dose ACE inhibitors or ARB therapy without exacerbating renal
ysfunction. Similarly, milrinone infusion can provide homodynamic support

ABLE 4. Indications for hemodynamic monitoring in decompensated heart failure

ngoing congestive symptoms and suspected end-organ hypoperfusion
arrow pulse pressure Cool extremities
eclining renal function Hypotension on ACE or ARB
ental confusion Progressive hyponatremia
eart failure and other medical comorbidities
Cardiac: unstable angina pectoris; stenotic valvular

lesions, hypertrophic cardiomyopathy
Noncardiac: severe obstructive or restrictive

pulmonary disease, advanced renal disease,
sepsis

ther situations
Perioperative monitoring to optimize status for high-

risk procedure
Symptoms disproportionate to clinical assessment

of degree of compensation
Uncertain volume status
Inability to wean inotropic support

CE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker.

ABLE 5. Principles of hemodynamic tailored heart failure therapy

easure baseline resting hemodynamics (CVP, PAP, PCW, CI, SVR)
dminister intravenous diuretics, vasodilator (nitroprusside, nitroglycerin, or nesiritide), or

inotropic agent (milrinone or dobutamine) dosed to achieve specific hemodynamic goals:
Pulmonary capillary wedge pressure�16 mmHg
Right atrial pressure �8 mmHg
Cardiac index �2.2 L/min/m2

Systemic vascular resistance �1000-1200 dyn s cm�5

Systolic blood pressure �80 mmHg
aintain optimal hemodynamics for 24 to 48 h
p-titration of oral vasodilators as intravenous vasodilators are weaned
djust oral diuretics to maintain optimal volume status

VP, central venous pressure; PAP, pulmonary artery pressure; PCW, pulmonary capillary
edge pressure; CI, cardiac index; SVR, systemic vascular resistance.

Adapted from Stevenson LW. Eur J Heart Fail 1999;1:251-7 (Table 3, p 254); Reproduced
ith permission.]
uring initiation of beta-adrenergic blockade in tenuous patients.
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The patients who cannot tolerate reduction of PCWP to less than 16 mmHg
ithout developing signs and symptoms of poor perfusion have a poor
utlook. In this setting, it may be prudent to consider LVAD support in
ppropriate patients. Excessive delay in referral for LVAD may contribute to
icious cycle of worsening risk.

Following initial assessment of baseline hemodynamics, intravenous agents
uch as diuretics, vasodilators, or positive inotropes should be administered to
chieve desired hemodynamic goals, which generally include a pulmonary
apillary wedge pressure below 15 mmHg and a cardiac index above 2.2
/min/m2. This intravenous vasoactive program should be maintained for at

east 24 to 48 hours to affect desired diuresis and improve end-organ
erfusion. Following this initial stage, oral vasodilators should be up-titrated
s intravenous agents are weaned off. Further adjustments in diuretic dose
nd ambulation should be completed during the final 24 to 48 hours of
ospitalization. This “tailored-approach” has been shown to produce sus-
ained improvements in filling pressures, forward output, decreased mitral
egurgitation, and decreased neurohormonal activation.44,46,48 Oral vasodi-
ator therapy and beta-blockers should be withheld during treatment with
asoactive agents. Considerable controversy continues to exist regarding
he relative roles of intravenous vasodilator drugs (ie, nitroglycerin,
itroprusside, or nesiritide) and positive inotropic agents (ie, dobutamine,
opamine, or milrinone) in this population.18,49 Previously, positive
notropic drugs were used for patients with moderate heart failure to
romote rapid diuresis. These agents, however, have been shown to be
ssociated with an increased risk of ischemic events and tachyarrhyth-
ias.32 A second major limitation of short-term inotropic support is the

dditional complexity needed to readjust oral regimens as the intravenous
nfusions are weaned.44 Although positive inotropic agents should not be
outinely used for “warm and wet” patients, these agents can be lifesaving
or patients with progressive hemodynamic collapse.44,49,50 Patients who
resent or develop obtundation, anuria, persistent hypotension, or lactic
cidosis may only respond to inotropic support, which should be continued
ntil the cause of acute cardiac deterioration is determined and definitive
herapy (if any) can be implemented. Brief inotropic treatment may also be
ppropriate for some patients who develop the cardiorenal syndrome.
lthough improvement in systemic perfusion may sometimes require intra-
enous inotropic therapy, most patients with low cardiac output symptoms or
emodynamic abnormalities have high systemic vascular resistance that

redictably improves with vasodilator treatment alone.44
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pecific Pharmacologic Agents for Acute Heart
ailure Management

iuretics
Loop diuretics (ie, furosemide, torsemide, ethacrynic acid, and bumet-

nide) are the mainstays of treatment for ADHF. These drugs inhibit
odium and chloride reabsorption in the ascending limb of the loop of
enle. Up to 30% of the filtered load of sodium chloride is excreted in the
rine after intravenous administration of furosemide. While these drugs
re first-line therapy, randomized controlled clinical trials evaluating
linical outcomes or comparing agents have not been undertaken. In
eneral, patients on chronic diuretic therapy should receive the same
ntravenous dose as their oral outpatient dose. Neurohormonal activation
renin-angiotensin, endothelin, and BNP) acutely decreases after short-
erm diuretic therapy designed to lower markedly elevated filling pres-
ures.51 However, over-diuresis can lead to enhanced neurohormonal
ctivation and increased sensitivity to angiotensin-converting enzyme
nhibitors and beta-blockers.52 Thus, the lowest dose of diuretic that
chieves the desired diuretic effect should be prescribed.

. Mills and J. Narula: It is important to add that Domanski and coworkers
J Card Fail 2006;12:327-32) and Fonarow (JACC 2003) have shown in-
reased risk associated with daily diuretic use and high-dose diuretics in the
utpatient arena as well.

Retrospective data from registries and clinical trials suggest that
iuretics may, at times, be harmful. Data from the ADHERE registry
emonstrate that patients treated with intravenous diuretics have a higher
n-hospital mortality, longer total length of stay, and longer length of stay
n the intensive care unit compared to patients who did not receive
ntravenous diuretics, even after adjusting for other prognostic factors.53

Diuretic unresponsiveness is often encountered in patients with ad-
anced heart failure during periods of acute decompensation. Lack of a
iuretic response may be caused by excessive sodium or fluid intake,
gents that antagonize their effects (particularly nonsteroidal anti-inflam-
atory drugs), worsening renal function, addition of potentially nephro-

oxic agents during hospitalization, compromised renal blood flow due to
orsening cardiac function or periods of hypotension due to overaggres-

ive diuresis, or vasodilator therapy. Combined intravenous loop diuretic

lus a thiazide may create a synergistic response and should be consid-
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red for patients who fail a loop diuretic alone. Likewise, metolazone
xerts a markedly additive effect when administered with a loop diuretic.
igh-dose furosemide, when administered as a continuous infusion (1-10
g/h), may be more effective than bolus administration for hospitalized

atients.54 For a minority of patients with refractory volume overload,
enovenous ultrafiltration can provide rapid volume removal and im-
rovement in symptoms.55 Randomized trials are now evaluating the
fficacy of ultrafiltration compared to intravenous diuretic therapy in this
opulation.
A low sodium diet (2 grams daily) is recommended during hospitaliza-

ion. Fluid restriction (�2 L/day) should be instituted for patients with
oderate hyponatremia (Na� �130 mEq/L) and is generally also useful

n the management of fluid overload in nonhyponatremic patients.18 A
tricter fluid restriction may be necessary for patients with severe (Na�

120 mEq/L) or worsening hyponatremia during attempted diuresis.

ldosterone Antagonists
Circulating aldosterone levels are elevated in relationship to heart

ailure severity, affect long-term prognosis, and contribute to adverse left
entricular remodeling following acute myocardial infarction.56 Potential
eleterious effects include endothelial dysfunction, increased oxidative
tress, enhanced platelet aggregation, activation of matrix metalloprotein-
ses, and increased sympathetic neurohormonal activation.56 The nonse-
ective mineralocorticoid receptor antagonist, spironolactone, has been
hown to reduce mortality in patients with advanced heart failure by
0%.57 Further, results from the recently completed Eplerenone Post-
cute Myocardial Infarction Heart Failure Efficacy and Survival Study

EPHESUS) trial in patients with heart failure following acute myocardial
nfarction confirm reductions in mortality and morbidity in post-myocar-
ial infarction populations as well.58 Aldosterone antagonists’ beneficial
ffects occur independent of their actions as mild diuretics. Spironolac-
one should not be initiated during the initial treatment of ADHF. It can
e added (25 mg QOD) to the patient’s medical regimen prior to
ischarge following optimization of other heart failure therapies. Patients
ho have been receiving this agent as an outpatient should have it

ontinued during hospitalization unless marked hemodynamic instability,
lectrolyte disturbances, or worsening renal function ensues.

. Mills and J. Narula: Physiologically, the natriuretic peptides counter

AAS activation. Nesiritide reduces aldosterone levels in patients with ADHF.
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n a small but very carefully conducted trial, Sica and colleagues showed that
nfusion of nesiritide prior to administration of a furosemide bolus blocked the
ldosterone rise produced by diuretic alone (J Card Fail 2006;12:S85-6).
imilarly, in the NAPA trial, perioperative administration of nesiritide to stable
F patients undergoing on-pump CABG surgery significantly attenuated
ostoperative increases in SCr (Mentzer: JACC 2007;49:716-26). These data
uggest that, in addition to producing balanced vasodilation, nesiritide may
ave beneficial effects on aldosterone production in ADHF.

igoxin
Digoxin has been a mainstay of therapy for chronic heart failure for

everal hundred years. Digoxin inhibits the sodium–potassium–ATPase
ump, leading to increased intracellular sodium.59 This action results in a
ecrease in calcium efflux via the sodium–calcium exchanger and
ncreases cytoplasmic calcium, which leads to increased myocardial
ontractility. The drug has mild positive inotropic effects on cardiac
uscle, reduces activation of the sympathetic and renin-angiotensin

ystems, and partially restores the favorable inhibitory effects of cardiac
aroreceptor function.60,61 Post-hoc analyses have shown that the patients
ost likely to respond to outpatient therapy have severe symptoms,
arked left ventricular systolic dysfunction, and the presence of an

udible third heart sound.62 Gheorghiade and colleagues studied the acute
ffects of intravenous captopril and intravenous digoxin on hemodynam-
cs in 16 patients with severe heart failure and sinus rhythm.63 Captopril
nd digoxin independently decreased pulmonary capillary wedge pressure
y 24 and 34%, respectively. Digoxin increased cardiac index by 23%
nd stroke work index by 52%. The combination of captopril and digoxin
esulted in greater decreases in pulmonary capillary wedge pressure and
ncreases in cardiac index then were observed for either drug alone.
lthough digoxin has been shown to produce favorable short-term
emodynamic effects, its efficacy on clinical outcomes in patients with
DHF is unknown. As renal function may fluctuate considerably during
ospitalization, measurement of serum digoxin levels is important.64

etrospective subgroup analyses have suggested an increased all-cause
ortality risk among both men and women who have digoxin levels �1.0

g/dL.65,66 Impaired renal function, small lean body mass, and older age
re at greatest risk for developing digoxin toxicity. Further, a number of
ommonly utilized drugs, including verapamil, flecainide, spironolactone,
nd amiodarone significantly increase serum digoxin levels and their

oncomitant use requires dose reductions.
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eta-Adrenergic Blockers
Beta-blockers act principally by inhibiting the deleterious effects of

xcessive sympathetic neurohormonal activation in heart failure. Periods
f acute decompensation lead to further increases in sympathetic neural
ctivity that result in additional peripheral vasoconstriction, impaired
enal sodium handling, and provocation of arrhythmias and can trigger
poptosis by stimulating cytokines and oxidative stressors.67 Three
istinct classes of beta-blockers are now clinically utilized. Propranolol
nd other “first-generation” compounds such as timolol are nonselective
gents that have equal affinity for beta1- and beta2-receptors.68 Metro-
rolol and bisoprolol are “cardioselective” second-generation compounds
hat block the beta1-receptor to a greater extent than the beta2-receptor.

etoprolol is approximately 75-fold more selective for beta1- than
eta2-receptors, while bisoprolol is 120-fold more selective.68 Labetalol,
arvedilol, and bucindolol are third-generation compounds that block
eta1- and beta2-receptors with almost equal affinity.69 These agents also
ave ancillary properties that include alpha1-blockade (labetalol, carve-
ilol), antioxidant properties (carvedilol), and intrinsic sympathomimetic
ctivity (bucindolol).68,69 A growing percentage of patients hospitalized
or ADHF have been receiving oral beta-blocker therapy as part of their
aintenance regimen. The dose of beta-blockers is often decreased by

0% during the initial phase of hospitalization for patients already
eceiving a stable dose of the drug. Patients with relatively mild
ymptoms and prompt response to diuretics may not require a dose
ecrease. Conversely, patients with marked symptoms and a hemody-
amic profile indicating congestion and impaired perfusion (ie, “cold and
et” profile) should have their beta-blocker withheld until hemodynamic

tabilization has been achieved. Beta-blockers should not be up-titrated
hen either acute volume overload or hemodynamic instability is present.
Initiation of beta-blocker therapy for drug-naïve patients in the inpatient

etting after initial stabilization of hospitalized patients should be con-
idered and has several potential advantages over outpatient initiation.70

he structured setting can facilitate treatment initiation using physician
rompts such as care guidelines, preprinted order sets, and discharge
orms. Hospital-based initiation may help alleviate patient and physician
oncerns about beta-blocker tolerability and side effects. The Carvedilol
rospective Randomized Cumulative Survival trial studied the impact of
eta-blocker initiation in patients with severe heart failure symptoms.71

he trial enrolled 2289 patients with heart failure symptoms at rest or on

inimal exertion and a left ventricular ejection fraction � 25%. The drug
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ould be initiated while the patient was still hospitalized but patients
ould not have been in an intensive care unit setting or have received
ntravenous inotropic agents during the preceding 4 days. Treatment with
arvedilol resulted in a significant 35% reduction in all-cause mortality
nd a significant reduction in the combined risk of death or hospitalization
n this severely symptomatic heart failure population.71 Further, beta-
locker-treated patients subsequently experienced 40% fewer hospital
ays for ADHF.71 Benefits were seen across all subgroups of patients
xamined including patients with recent and/or recurrent decompensa-
ion.71 Carvedilol was very well tolerated with more patients withdrawn
rom the placebo group because of adverse events than the carvedilol
roup.71

The Initiation Management Pre-Discharge: Process for Assessment of
arvedilol Therapy for Heart Failure trial was a multicenter, open-label

tudy that enrolled 363 heart failure patients with an left ventricular
jection fraction �40% admitted for ADHF.72 Patients were randomized
o receive initiation of carvedilol before hospital discharge or to usual
are (recommended initiation of any beta-blocker within 2 to 4 weeks
fter discharge). At 60-day follow-up, 91% of the predischarge initiation
atients were receiving beta-blocker compared to only 73% of patients in
he postdischarge group (P � 0.001). Further, the mean percentage of
atients who were receiving the target dose was 36% in the predischarge
roup compared to 28% for the postdischarge group.
A minority (�10%) of patients with resistant heart failure are unable to

olerate even the lowest doses of beta-blocker. Some investigators are
ow combining a phosphodiesterase inhibitor (enoximone or milrinone)
ith low-dose beta-blockade.73,74 Theoretically, beta-blockers should

ounteract the ischemic and arrhythmic properties associated with phos-
hodiesterase inhibition and provide synergistic effects. Small, uncon-
rolled, short-term studies suggest that this approach may be beneficial in
t least a cohort of patients with refractory heart failure symptoms.73,74 A
andomized, controlled trial is now evaluating the safety and efficacy of
his novel approach.

ral Vasodilator Therapy
Vasodilators remain a cornerstone of acute heart failure management.
echanisms of action vary and include direct effects on venous capaci-

ance vessels (eg, nitrates), arterioles (eg, hydralazine), or balanced
ffects (sodium nitroprusside, nesiritide, angiotensin-converting enzyme
nhibitors, and angiotensin II receptor blockers [ARBs]). Primary veno-

ilators reduce cardiac filling pressures and effectively improve pulmo-
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ary congestion while having little effect on systemic blood pressure.
onversely, agents that primarily dilate arterioles (pure afterload reducing
gents) reduce systemic vascular resistance and increase cardiac output
hile producing little change in ventricular filling pressures. While
alanced vasodilators should generally be chosen as first-line therapy for
utpatient management, this approach may not be optimal for patients in
he acute decompensated state. The outpatient vasodilator regimen should
enerally be maintained during hospitalization. However, if there is
vidence for significant end-organ dysfunction (eg, progressive renal
ysfunction), persistent hypotension (eg, systolic blood pressure �85
mHg), or hemodynamic instability, oral vasodilators should be withheld

r the dose substantially decreased. The recently completed assessment of
reatment with lisinopril and survival (ATLAS) trial confirmed that even
ow doses of an ACE inhibitor can effectively improve symptoms and
ortality in chronic heart failure.75 Intravenous ACE inhibitors are not

outinely indicated for initial stabilization of ADHF patients.18 Combi-
ation therapy with an ACE inhibitor plus an angiotensin II receptor
locker may be useful for patients who have experienced recurrent
ospitalizations for ADHF.4,18 Although no survival benefit is conveyed
y combined treatment, repeat hospitalizations and overall morbidity can
e decreased with this approach.
Alternative therapy with a combination of hydralazine and nitrates

hould be considered for patients with substantially impaired renal
unction (creatinine �2.5 to 3 mg/dL) and those with a documented
ntolerance to ACE inhibitors. Similar hemodynamic goals can be
chieved with these agents among patients with NYHA class III or IV
eart failure symptoms.76 Important racial differences may also exist in
harmacological responsiveness to different vasodilator regimens. Two
etrospective post-hoc analyses from large clinical trials confirmed ACE
nhibitor therapy to be less effective in blacks than whites with heart
ailure symptoms of similar severity.77 The recently completed African-
merican Heart Failure trial confirmed the benefit of hydralazine plus

sosorbide dinitrate in this population. This combination should be
onsidered when initiating therapy for hospitalized black patients.78

Vasodilators are the mainstay of therapy for ADHF in Europe; 32% of
dmitted patients receive nitrates during their hospitalization.79 Recent
eart Failure Society guidelines recommend intravenous vasodilator

herapy (nitroglycerin, nitroprusside, or nesiritide) for rapid symptom
elief in patients with acute pulmonary edema, significant hypertension,
r persistent severe heart failure symptoms despite aggressive treatment

ith diuretics and oral vasodilators.18 There is little doubt that nitroglyc-
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rin is a very effective medication for the treatment of acute symptoms
ue to its prompt preload reduction. Its limited use in the United States
nd its significant underdosing in clinical practice underscores wide-
pread inexperience in prescribing nitrates in the context of heart failure
s opposed to angina pectoris.

. Mills and J. Narula: Only a few RCTs have investigated the efficacy of
itroglycerin for this indication. In the VMAC Trial, nitroglycerin was used as
safety comparator, not an efficacy comparator. In a substudy of the VMAC

rial, Elkayem and colleagues (AJC 2004;93:237-40) reported their experience
ith nitroglycerin in patients with homodynamic monitoring and aggressive
p-titration of nitroglycerin to meet homodynamic goals. Despite doses on
he order of 160 �m/min, patients receiving nitroglycerin experienced a
teady rise in PCWP after 4 to 6 hours of treatment, consistent with loss of
ascular responsiveness to the drug. This phenomenon is consistent with the
nown pharmacology of nitroglycerin and suggests that the initial homody-
amic improvement with nitroglycerin may not be sustained without nitrate-
ree periods or supplemental intervention.

Intravenous nitroprusside is another highly effective intravenous vaso-
ilator. In an early uncontrolled study of 18 hospitalized patients,
itroprusside resulted in a decrease of 15 mmHg in pulmonary capillary
edge pressure, significant diuresis, and natriuresis.80 Another study of
5 patients with heart failure, markedly impaired left ventricular function,
nd critical aortic stenosis surprisingly demonstrated that nitroprusside
ould decrease ventricular filling pressures, increase cardiac output by
ver 50%, and improve renal function.81 In addition, there is now
onvincing evidence that short-term therapy with combined nitroprusside
nd diuretics markedly decreases neurohormonal activation as hemody-
amics improve.82 Nitroprusside is underutilized in acute heart failure
anagement, largely because of concerns regarding hypotension and the

eed for hemodynamic monitoring.

. Mills and J. Narula: Safe and effective use of nitroprusside in critically ill
atients requires invasive homodynamic monitoring.

Nitroprusside administration has also been studied in the setting of
cute myocardial infarction complicated by left heart failure. Cohn and
olleagues demonstrated that nitroprusside decreased survival at 13
eeks when it was initiated within 9 hours of pain onset but improved
urvival when administered beyond the 9-hour time window.83 In

46 Curr Probl Cardiol, June 2007



a
i
o
m
w
m
a

g
d
“
d
o
M
d
s

d
T
t
t
P
l
m
r
i
t
p
p
S
s
p
m
s
V
m

s
c
i
f

C

ddition to these concerns regarding timing during acute myocardial
nfarction, other concerns (particularly thiocyanate toxicity, precipitation
f hypotension with potential exacerbation of ischemia, and the require-
ent in most centers for invasive blood pressure monitoring) combined
ith the absence of outcome data from larger controlled clinical trials will
ost likely continue to limit the widespread use of this potent vasoactive

gent.84

Nesiritide (human B-type natriuretic peptide) acts by increasing cyclic
uanosine monophosphate, thereby causing vasodilatation and a resultant
ecrease in ventricular filling pressures. Despite its nomenclature as a
natriuretic” peptide, nesiritide has not been associated with major
iuresis in most heart failure studies, although it may potentiate the effect
f concomitant diuretics and may slightly reduce the total dose required.85

ultiple clinical trials of nesiritide demonstrate that it can be effective in
ecreasing pulmonary capillary wedge pressure and improving patient
ymptoms.84,86

The Vasodilation in the Management of Acute CHF (VMAC) trial was
esigned to evaluate the efficacy of nesiritide in the treatment of ADHF.86

he trial enrolled 489 patients with dyspnea at rest requiring hospitaliza-
ion. Patients were stratified according to the treating physicians’ decision
o use invasive pulmonary artery catheter monitoring management.
atients with hemodynamic data were eligible if their pulmonary capil-

ary wedge was �20 mmHg; noncatheterized patients had to have two or
ore distinct signs and symptoms of volume overload. Patients were

andomized to receive placebo, nesiritide (either fixed or adjustable dose
n the hemodynamically monitored cohort), or nitroglycerin infusions for
he first 3 hours.86 The primary endpoints were both a change in
ulmonary capillary wedge compared to placebo at 3 hours and the
atient’s self-evaluation of dyspnea compared with placebo at 3 hours.86

ignificant improvements in both endpoints were noted. Nesiritide
ignificantly decreased pulmonary capillary wedge compared to both
lacebo and nitroglycerin (nesiritide, 5.8 mmHg; nitroglycerin, 3.8
mHg; placebo, 2.0 mmHg). Nesiritide significantly improved dyspnea

core compared to placebo but was identical to nitroglycerin. Since the
MAC publication, nesiritide has been increasingly utilized in the
anagement of ADHF.
Silver et al evaluated the effects of nesiritide versus dobutamine on

hort-term outcomes in acute heart failure in an open-label, randomized,
ontrolled trial.87 Hemodynamically unstable patients who required
mmediate inotropic or vasodilator support or whose initial blood pressure

ell below 90 mmHg were excluded. Although no difference in hospital
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ength of stay was noted, a trend towards fewer readmissions was
bserved for nesiritide-treated patients. Importantly, 6-month mortality
as lower for patients treated with low-dose nesiritide (18%) compared
ith those treated with dobutamine (31%).87

Abraham et al have helped further clarify the role of intravenous vasoactive
herapy for inpatient management of ADHF.53 Data were obtained from the
DHERE registry, which included more than 65,000 admissions for heart

ailure. Cases in which patients received nitroglycerin, nesiritide, milrinone,
r dobutamine were identified (approximately 20% of the total cohort). Risk
actor and propensity score-adjusted odds ratios for in-hospital mortality were
alculated. Unadjusted in-hospital mortality varied widely, ranging from
.1% for the entire cohort to as much as 14% for patients who received
ntravenous inotropic support.53 Patients treated with either nitroglycerin or
esiritide had intermediate mortality rates that ranged from 4.7 to 7.1%.
djusted inpatient mortality odds ratios of 0.59 and 0.47 were observed for
esiritide versus milrinone or dobutamine, respectively. Similarly, adjusted
npatient mortality odds ratios of 0.69 and 0.46 were noted for nitroglycerin
herapy versus milrinone or dobutamine, respectively. Mortality did not differ
etween nesiritide- or nitroglycerin-treated groups. This observational study
trongly suggested that intravenous vasodilator therapy was associated with
ower in-hospital mortality than positive inotropic therapy among patients
ospitalized with ADHF. Concerns remain about the validity of this conclu-
ion as these data were retrospective and may not have controlled for choice
f agent. Physicians were allowed to choose whichever agent they felt would
e most appropriate and it is possible that patients who received positive
notropes may have been more substantially compromised leading to initia-
ion of that class of vasoactive support.

. Mills and J. Narula: Wang et al (Circulation 2004;110:1620-5) studied a
mall group of patients selected for the protocol because of worsening renal
unction; they found no effect, either improvement or deterioration, associ-
ted with nesiritide intervention in this group. Sackner-Bernstein and cowork-
rs did not actually perform a new study but performed “meta-analyses” of
everal Scios-sponsored clinical trials (Scios makes Nesiritide for clinical use
nd Dr. Mills works for Scios), which had been posted in the public domain
n the FDA web site (Sackner-Bernstein et al, Circulation 2005; 111:1487-91;
AMA 2005;293:1900-5). Sackner-Bernstein and coworkers did not have
ccess to the full clinical database and they acknowledge this limitation.
espite the strength of the observation that worsening renal function is
ssociated with worse clinical outcomes, no data in these or other studies
emonstrate that this relationship is true for nesiritide as it is for some other
herapies. The physiology of antagonizing the renin–angiotensin system
ppears to be an exception in which the relationship does not hold between

ransient worsening renal function and adverse outcome (Sackner-Bernstein,
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t al: Circulation 2005;111:1487-91). A careful, propensity-matched assess-
ent of nesiritide and other agents used in the management of ADHF has
een subsequently published (Abraham WT, et al: JACC 2005;46:57-64),
hich demonstrated no increased risk associated with this treatment. In fact,

he available evidence indicates that the benefit–risk profile for nesiritide in
he management of ADHF may be favorable.

Several recent studies have suggested that nesiritide may worsen renal
unction.85,88 Further, Sackner-Bernstein et al have also reported in-
reased short-term mortality after treatment with nesiritide for decom-
ensated heart failure using a post-hoc pooled analysis of three random-
zed, controlled trials.89 Given these recent reports, the verdict on the
afety and efficacy of nesiritide for inpatient management of ADHF
emains unknown and is the subject of ongoing randomized clinical trials.

ntravenous Positive Inotropic Agents
The majority of patients hospitalized with ADHF do not have clinical

vidence for hypoperfusion but present with the “wet and warm” profile.44

notropic infusions have often been initiated at the time of hospitalization to
horten hospital stay, improve ability to up-titrate ACE inhibitors, or decrease
ehospitalizations. Few controlled clinical trials have actually evaluated the
mpact of intravenous inotropic therapy in this population. In the OPTIME-
HF study, 5.5% of patients with normal or elevated blood pressure

admission systolic blood pressure between 119 and 200 mmHg) and 18.5%
f those with relative hypotension (admission systolic blood pressure �119
mHg) received inotropic therapy.90 Approximately 9% of all hospitalized

atients in the ADHERE registry received inotropic support at some time
uring their index hospitalization.53

Dobutamine, a mixed beta1- and beta2-receptor agonist, is the most
ommonly prescribed positive inotropic agent. Through its actions on
eta1-receptors, dobutamine activates G-proteins, which leads to in-
reased adenylate cyclase activity and increased intracellular cyclic AMP.
nhanced intracellular cyclic AMP causes release of calcium from the
arcoplasmic reticulum, which results in increased stroke volume.91 The
ypical infusion rate for dobutamine ranges from 2.5 to 15 �m/kg/min.
nset of action is 1 to 2 minutes but it may take as long as 10 minutes to

ee a peak effect of a particular infusion rate. Patients taking a beta-
locker on admission will have an attenuated initial response to dobut-
mine administration until the beta-blocker has been metabolized. Milri-
one, a phosphodiesterase-3 inhibitor, leads to increased intracellular

yclic AMP by inhibiting its intracellular breakdown. This results in an
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ncreased intracellular calcium concentration and myocardial contractility
s well as acceleration of myocardial relaxation. Treatment with milri-
one may be initiated with or without a loading dose of 50 �g/kg over 10
inutes followed by a continuous infusion of between 0.375 and 0.75
g/kg/min.91 Most patients demonstrate improvement in hemodynamics
ithin 15 minutes after initiation of therapy. The elimination half-life is
enerally 30 to 60 minutes but may be doubled in the presence of severe
eart failure.91 Hypotension is a major side effect of milrinone, which can
e decreased by withholding the loading dose.

. Mills and J. Narula: Although there are no published data to support it, it
s an astute clinical recommendation to omit the loading dose of milrinone. In
act, this recommendation could be extended to nesiritide as well.

Liang and colleagues studied the effects of a 72-hour dobutamine
nfusion in 15 patients with NYHA class III-IV heart failure.92 No deaths
ere observed during a 4-week period of follow-up. Maximum exercise

ime and left ventricular ejection fraction increased significantly in the
obutamine group. Functional class improved in six of eight patients in
he treatment group compared to two of seven controls. More recently, the
ffect of dobutamine was compared to nesiritide on short-term outcomes
n an acute heart failure trial by Silver et al.87 No difference was noted in
ospital length of stay. Significantly, patients treated during their index
ospitalization with dobutamine had a higher 6-month mortality follow-
ng discharge (31%) compared with patients treated with low-dose
esiritide (18%).87

The OPTIME-CHF trial represents the largest randomized, controlled
rial of a positive inotropic agent.90 A total of 951 patients with ADHF for
hom inotropic therapy was “indicated but not required” were random-

zed to intravenous treatment with milrinone or a placebo infusion. The
ean left ventricular ejection fraction was 23% and infusion duration

anged from 48 to72 hours. The primary endpoint was hospitalization for
ardiovascular cause within 60 days of treatment. Milrinone was
ssociated with a higher rate of early treatment failure, more sustained
ypotension, new atrial arrhythmias, and a trend toward higher in-hospital
ortality (3.8% versus 2.3%; P � 0.19). The OPTIME-CHF investigators

ubsequently performed a retrospective analysis to ascertain the interac-
ion between heart failure etiology (ischemic versus nonischemic) and
linical outcome.32 The composite endpoint of death or rehospitalization

t 60 days was significantly lower in the treatment group compared with
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lacebo in the nonischemic group (28% versus 35%, P � 0.01). Mortality
t 60 days was similar between milrinone treatment and placebo treatment
n this cohort. In contrast, the composite endpoint of death or rehospital-
zation at 60 days was significantly greater in the ischemic cohort
ollowing milrinone treatment (42% versus 36%; P � 0.01). Whether this
nding represents a post-hoc artifact or a true physiologic difference in
rug response remains uncertain at this time. Thus, routine use of milrinone
hould be discouraged in this population. The increased mortality associated
ith inotropic therapy has been attributed to its pro-arrhythmic effects and to
irect myocardial injury leading to accelerated disease progression. Several
nvestigators have suggested that the addition of a beta-blocker to a
hosphodiesterase inhibitor may partially ameliorate these detrimental
ffects while facilitating beneficial effects.73,74 This approach remains
nvestigational at this time.
Two controlled trials have directly compared milrinone to dobutamine

or ADHF management.93,94 Both studies demonstrated similar hemody-
amic effects with increases in stroke volume and decreases in pulmonary
apillary wedge pressure. Milrinone-treated patients also had a significant
eduction in pulmonary artery pressures.93 Both agents appear to provide
dequate hemodynamic support.

. Mills and J. Narula: In the same issue of Journal of the American Medical
ssociation in which VMAC (Publication Committee for the VMAC Investiga-

ors: JAMA 2002) and OPTIME (Cuffe MS, et al: JAMA 2002;287:1541-7) were
ublished, an editorial from Poole-Wilson (JAMA 2002;287:1587-80) summa-
ized many of the salient issues about ADHF management. He made the point
hat essentially all drugs that act by increasing intracellular cyclic AMP in the
yocyte have been associated with increased mortality.

It is important to point out that, while the routine use of dobutamine or
ilrinone is not warranted, these agents can be lifesaving for patients with

apidly progressive hemodynamic collapse.43,95 Patients who present
ith obtundation, anuria, or lactic acidosis may only respond to inotropic

herapy (or mechanical circulatory support), which should be continued
ntil the cause of shock is determined and definitive therapy is imple-
ented.95 It is important to note that this critically ill population

epresents only a minority of patients admitted with ADHF.
Current practice guidelines from the American College of Cardiology

nd the American Heart Association accept the use of intravenous
notropic support for stage D patients (ie, refractory symptoms) as

alliative treatment or as a bridge to cardiac transplantation, but only after
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ll alternative therapies to achieve stability have failed (Class IIB
ndication).4 Long-term ambulatory use of intermittent or continuous
nfusions of positive inotropic agents is considered a Class III recom-
endation. However, the recent European Society of Cardiology guide-

ines do support the use of inotropic agents in the presence of peripheral
ypoperfusion with or without congestion that is refractory to diuretics
nd vasodilators at optimum doses (Class IIA recommendation).79 It is
ikely that their use will continue to decrease as newer agents (see below)
ecome available.

. Mills and J. Narula: Inotropes may be “lifesaving” in the short-term
anagement of patients with hemodynamic collapse, but cannot be viewed

s anything other than a last salvage effort that may buy sufficient time for an
dequate evaluation.

anagement of Arrhythmias
Atrial fibrillation commonly occurs as a precipitant for ADHF or may
ccur during hospitalization due to enhanced sympathetic adrenergic
timulation. Initial therapy should focus on adequate rate control. Digoxin
nd beta-adrenergic blockers are generally ineffective in restoring sinus
hythm but are first-line agents for controlling ventricular response rate.
ncontrolled, sustained, rapid (�120 beats/min) atrial fibrillation can

esult in a reversible dilated cardiomyopathy or, more typically, can
orsen preexisting left ventricular systolic dysfunction.96 Amiodarone is
ighly effective for rate control when other agents have proven unsuc-
essful or cannot be used because of the severity of the heart failure.97

miodarone, dofetilide, and sotalol remain the most useful drugs for
hemical cardioversion or in preparation for electrical cardioversion.98

or patients with advanced heart failure symptoms or recent decompen-
ation, the loading dose of amiodarone should be kept below 1000 mg/day
o prevent further heart failure exacerbation. Dofetilide, a Class III
nti-arrhythmic drug that blocks the repolarizing potassium current, is
ighly effective in restoring sinus rhythm but is associated with torsades
e pointes in up to 3% of patients; continuous electrocardiographic
onitoring during the first 24 hours after its initiation is essential.98

atients who experience active angina pectoris or hemodynamic instabil-
ty during rapid atrial fibrillation should undergo urgent synchronized
ardioversion and initiation of an atrial stabilizing agent to prevent
ecurrence. Systemic anticoagulation using unfractionated heparin should

e instituted if the duration of atrial fibrillation exceeds 48 hours.
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Frequent ventricular premature beats or short runs of nonsustained
entricular tachycardia are often noted during hospitalization in patients
ith marked ventricular dysfunction. Precipitating causes such as elec-

rolyte disturbances (hypokalemia or hypomagnesemia), enhanced sym-
athetic tone, withholding of beta-blocker doses, or withholding of prior
nti-arrhythmic therapy should be considered. The majority of patients
emain asymptomatic and do not require pharmacologic suppression.
ymptomatic runs of ventricular tachycardia or sustained monomorphic
entricular tachycardia require anti-arrhythmic treatment. Amiodarone
0.5 to1.0 mg/min intravenously) or lidocaine (0.5 to2 mg/min) are most
ffective for acute management. Beta-blockers, sotalol, or oral amioda-
one are effective long-term treatment options.
Cardiac resynchronization therapy is increasingly employed for ambu-

atory patients with resistant heart failure symptoms. It has not been
xamined for management of ADHF or for patients who have received
ecent intravenous vasodilator or inotropic therapy. Anecdotal reports
ave suggested that it does not provide sufficient benefit in the acute
etting to warrant consideration for patients who are hemodynamically
nstable or inotrope dependent.99 On the basis of randomized clinical
rials, cardiac resynchronization therapy should be considered for patients
ho have either ischemic or nonischemic cardiomyopathy, who have a

eft ventricular ejection fraction �35%, persistent NYHA class III or IV
ymptoms despite optimized medical therapy, who have a QRS duration
120 milliseconds, and who remain in normal sinus rhythm.99,100 Device

lacement prior to hospital discharge may complement pharmacologic
djustments that have been made during the hospitalization and may
ecrease the likelihood of subsequent heart failure readmissions.99,100

. Mills and J. Narula: The decision to treat symptomatic nonsustained
entricular tachycardia represents an extraordinarily complex balance.
hould the patient have an ICD in place? Would a biventricular pacing ICD be

he most appropriate choice? How will drug treatment alter the effectiveness
f the device? Should we ever consider anti-arrhythmic drug therapy for
ymptoms without a backup device?

nvestigational Pharmacological Therapies

ndothelin Antagonists
Endothelin-1 is the major endothelin isopeptide produced by the

ardiovascular system and plays a major role in the pathophysiology of

cute heart failure as it is a potent vasoconstrictor, pro-arrhythmic
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otentiator, and mediator of increased vascular permeability.84,101 Endo-
helin-1 levels are among the strongest predictors of death in chronic heart
ailure populations.102 Thus, endothelin receptor antagonism might be
eneficial by reducing neurohormone-mediated end-organ damage.
ezosentan is a dual endothelin A/B antagonist that was specifically
eveloped for intravenous treatment of ADHF.101 The Randomized
ntravenous TeZosentan (RITZ) program was designed with two pivotal
rials in this population: (1) RITZ-1, that assessed symptom improvement,
nd (2) RITZ-2, that evaluated hemodynamic changes during tezosentan
reatment.103

The RITZ-1 trial randomized 669 patients with acute heart failure and
yspnea at rest or with minimal exertion to �24 hours of tezosentan
nfusion (25 mg/h) or placebo in addition to standard therapy.104 There
as no statistical significance between treatment groups in the primary

ndpoint, change in dyspnea score at 24 hours, nor any difference in the
ain secondary endpoint of time to worsening heart failure or death. The
ITZ-2 trial enrolled 292 ADHF patients who had low cardiac output and
igh ventricular filling pressures (NYHA functional class III or IV
ymptoms, cardiac index �2.5 L/min/m2, pulmonary capillary wedge
ressure �15 mmHg).102 Patients were randomized to receive tezosentan
n one of two doses (50 or 100 mg/h) or placebo in addition to standard
herapy.103 Both doses of tezosentan significantly decreased pulmonary
apillary wedge pressure and improved cardiac index; most of the
emodynamic benefit was achieved at the initial 50 mg/h dose.103

The safety of tezosentan was evaluated in the RITZ-4 study of patients
ith ADHF and acute coronary syndromes.105 The composite endpoint of
eath, worsening heart failure, recurrent ischemia, or recurrent/new
yocardial infarction within 72 hours was not significantly different

etween tezosentan and placebo-treated groups.105 The efficacy and
afety data from the RITZ program and a recent dose finding study have
uggested that the optimal dose of tezosentan may be lower than the 50
g/h utilized in most earlier trials.106 Most recently, the Value of
ndothelin Receptor Inhibition with Tezosentan in Acute Heart Failure
tudy randomized over 1400 patients with acute heart failure to test the
fficacy of a 1 mg/h dosing regimen of tezosentan versus placebo.107 The
rial was stopped prematurely for lack of efficacy.
The nonselective endothelin receptor antagonist, bosentan, has also
een studied in chronic heart failure.101 The Research on Endothelin
ntagonism in Chronic Heart Failure trial evaluated 370 patients with
YHA class IIIB or IV heart failure symptoms despite diuretics and
ngiotensin-converting enzyme inhibitor therapy (Acelion Pharmaceuti-
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als, personal communication). No improvement in clinical status at 6
onths of treatment was observed. Further, the study was stopped

rematurely by the Data Safety Monitoring Board due to a high incidence
�15%) of asymptomatic liver enzyme elevation in the bosentan group.
The Endothelin Antagonism Bosentan for Lowering Cardiac Events

rials randomized 1613 patients with NYHA class IIIB or IV symptoms to
eceive either bosentan (target dose 125 mg twice daily) or placebo.108

he primary endpoint was clinical status at the end of 9 months of
reatment in addition to all-cause mortality and heart failure-related
ospitalizations. No difference was noted between treatment groups in
linical status. However, higher hospitalization rates were observed in the
osentan group during the first 4 to 8 weeks of treatment. Mortality rates
id not differ at any point during the trial. Again, a high incidence (9.5%)
f asymptomatic elevation in transaminases was noted during bosentan
reatment.101

The selective ATA receptor antagonist, darusentan, was studied in the
eart Failure ET Receptor Blockade trial.109 A total of 157 patients with
YHA class III symptoms were randomized to placebo or one of three
oses of darusentan. Hemodynamic changes were evaluated over 3
eeks. Only cardiac index significantly improved; higher doses were

ssociated with a trend toward more adverse events.109 Overall, the
esults of endothelin blockade in both acute and chronic heart failure have
een disappointing and it remains uncertain whether this class of drugs
ill ever have a major role in the treatment of ADHF.

alcium Sensitizer Agents
“Calcium sensitizers” are a class of drugs designed to directly influence

he way that intracellular Ca2� is transduced into myocardial contractil-
ty. Mechanisms of action vary widely and include the following: direct
ctivators of motor proteins such as myosin (eg, EMD-57033), enhancers
f force generation by cross-bridging, and agents that augment Ca2�-
roponin C binding (levosimendan).110 Many experimental agents have
dditional effects, such as phosphodiesterase 3a inhibition (pimobendan),
alcium-dependent increases in heart rate, and inhibition of ATP-sensitive
� channels (levosimendan).110

Levosimendan has undergone a number of clinical trials and produces
ncreased contractility principally by increasing cardiac troponin C
ensitivity to intracellular ionized calcium.84,110 The agent also produces
eripheral vasodilatation via its effects on vascular ATP-dependent
otassium channels.84 Clinical studies have demonstrated that levosimen-

an significantly increases myocardial contraction and results in sustained
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emodynamic benefits.111,112 The drug is approved in many countries in
urope but remains investigational in the United States.
An early study of levosimendan included 146 ADHF patients who had

vidence of abnormal hemodynamics at randomization (pulmonary cap-
llary wedge pressure �15 mmHg and cardiac index �2.5 L/min/m2).112

n this acute dosing study, levosimendan produced dose-dependent
mprovements in stroke volume and cardiac index, moderate increases in
eart rate, and decreases in ventricular filling pressures.110 Patients
reated with levosimendan also had a significantly higher likelihood of
eporting symptomatic improvement (29% versus 15%). Limitations of
his study included withholding concomitant medications during active
reatment and potential unblinding bias introduced by invasive hemody-
amic monitoring.84

In the Levosimendan Infusion Versus Dobutamine trial, 203 patients
ere randomized to receive intravenous dobutamine or levosimendan.113

evosimendan treatment improved hemodynamic performance more
ffectively than dobutamine with 28% of the levosimendan-treated
atients achieving a primary hemodynamic endpoint compared to only
5% of dobutamine-treated patients. Symptomatic improvement did not
iffer between groups. However, the levosimendan group had signifi-
antly lower 6-month mortality than the dobutamine cohort (26% versus
8%, P � 0.029). While encouraging, the improved survival in the
evosimendan Infusion Versus Dobutamine trial could have been driven
ore by the adverse event rates of dobutamine therapy than a true

eneficial effect of levosimendan.84

Preliminary data from four additional trials of levosimendan, CASINO
Calcium Sensitizer or Inotrope or None in Low Output Heart Failure),114

EVIVE-1 (Randomized Multicenter Evaluation of Intravenous Levosi-
endan Efficacy Versus Placebo in the Short-term Treatment of Decom-

ensated Heart Failure),115 REVIVE-2,116 and SURVIVE (Survival of
atients with Acute Heart Failure in Need of Intravenous Inotropic
upport)117 trials have recently been reported. CASINO randomized
atients with NYHA class IV symptoms hospitalized for ADHF with a
rimary composite endpoint of death or rehospitalization at 6 months. The
tudy was terminated prematurely because a survival advantage was
bserved at 6 months in the levosimendan group (mortality: 15.3, 24.7,
nd 39.6% for the levosimendan, placebo, and dobutamine cohorts,
espectively).114 In the REVIVE-2 trial, 600 patients were randomized to
evosimendan or placebo. By day 5, 33% more levosimedan-treated
atients had improved and 30% fewer had worsened compared with the

lacebo group (P � 0.01).116 However, all-cause mortality was not
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mproved (15.1% versus 11.6%). The SURVIVE trial evaluated 1327
atients with ADHF who were felt to require inotropic support after
ailing to respond to conventional diuretic and vasodilator therapy.
atients were randomized to dobutamine or levosimendan infusion, with

he primary endpoint of all-cause mortality at 180 days.117 There was no
ignificant difference in mortality between groups (26% for levosimendan
ersus 28% for dobutamine). In aggregate, these trial data suggest that
evosimendan can provide symptomatic improvement in ADHF patients
ut no consistent beneficial effect on intermediate-term mortality. Addi-
ional trials may further define the population of patients most likely to
enefit from this novel therapeutic agent.

. Mills and J. Narula: The spotlight of media attention directed to
enefit–risk questions in the evaluation of heart failure drugs has focused on
ssessment of intermediate-term mortality after short-term treatment. The

ong-term effect of this new scrutiny will be to further raise the bar for entry
f new drugs in the field.

asopressin Antagonists
Arginine vasopressin is a neurohormone produced by the central
ervous system in response to changes in serum osmolality, hypovolemia,
r hypotension. Two types of vasopressin receptors are present—V1 and

2; the V1A receptor mediates vasopressin-induced vasoconstriction,
hile the V2 receptor mediates water resorption in the kidneys.84,118

asopressin release results in vasoconstriction, fluid retention, and
yponatremia, effects that are exaggerated during bouts of decompen-
ated heart failure.118,119 Conivaptan is a combined V1A- and V2-receptor
ntagonist and has been administered acutely to 142 patients with stable
YHA class III or IV heart failure.120 The conivaptan-treated patients
ad significant decreases in right- and left-sided filling pressures, in-
reased urinary output, but no change in cardiac index.121

Selective blockade of the V2-receptor results in aquaresis without
lectrolyte disturbance or neurohormonal stimulation. Lixivapatan and
olvaptan are selected V2-receptor antagonists. Tolvaptan has been shown
o produce sustained decreases in body weight and edema during 25 days
f oral administration in a trial of 50 patients with mild chronic heart
ailure.121 The Acute and Chronic Therapeutic Impact of Vasopressin
ntagonism in Congestive Heart Failure trial evaluated the efficacy of

hree doses of tolvaptan compared with placebo among 319 patients with

ystolic dysfunction who were hospitalized for ADHF associated with
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olume overload.122 Oral study medication was initiated during the
ospitalization and maintained for 60 days. The primary in-hospital
ndpoint was reduction in body weight at 24 hours, whereas the outpatient
utcome was worsening heart failure (defined as death, hospitalization, or
nscheduled visit for heart failure) at 60-day follow-up. All three
olvaptan doses resulted in significant weight reduction at 24 hours (2.0
g versus 0.9 kg for placebo). No differences were noted for in-hospital
ortality or worsening heart failure at 60 days.122 Patients admitted with

yponatremia (serum sodium �135 mEq/L) had improvement in serum
odium to 137 mEq/L at hospital discharge, which was maintained at
0-day follow-up. This improvement was not observed in the placebo-
reated group. The effect of tolvaptan on mortality in patients hospitalized
or ADHF is now being evaluated in the Efficacy of Vasopressin
ntagonism in Heart Failure: Outcome Study of Tolvaptan trial.123 This
ivotal trial will provide significantly more information about the poten-
ial role of this class of agents for acute heart failure management.

onclusion
The treatment of ADHF remains largely empirical. Few controlled trials
ave evaluated therapeutic options and a limited number of practice
uidelines from the Heart Failure Society exist at this time. Initial
reatment should generally be aimed at relief of congestive symptoms
ith intravenous diuretics. Ultrafiltration may occasionally be necessary.
ew agents such as adenosine and vasopressin antagonists that enhance
iuresis without compromising renal blood flow are undergoing evalua-
ion and may decrease the frequency of the cardiorenal syndrome in this
opulation. Intravenous vasoactive therapy with vasodilators (nitroglyc-
rine, nitroprusside, nesiritide) or positive inotropic agents (milrinone or
obutamine) should be reserved for patients with severe hemodynamic
ompromise associated with end-organ hypoperfusion (ie, the “wet and
old” profile). It is increasingly recognized that agents that stimulate
yocardial contractility during acute periods of decompensation may

ubsequently lead to adverse outcomes following hospital discharge.
hus, inotropic agents should be limited to the most critically ill

ndividuals (�15% of hospital admissions). Investigational agents includ-
ng endothelin antagonists and calcium sensitizers have yielded disap-
ointing results to date in controlled trials. The outlook for vasopressin
ntagonists may be more promising. Well-designed, controlled clinical
rials are urgently needed to evaluate the safety and efficacy of both
onventional and investigative pharmacologic approaches to this increas-

ngly prevalent heart failure syndrome.
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. Mills and J. Narula: Dr. Dec has presented an excellent, up-to-date,
uthoritative review of an important topic. It needs to be emphasized that a
atient’s presentation to a hospital with ADHF should be considered a failure
f the health care delivery system. In the short term, we must strive to deliver
ood evidence-based management focused on amelioration of symptoms,

mprovement of hemodynamics, and restoration of neurohormonal balance.
n the long term, we must dedicate ourselves to the idea that ADHF should
ot occur in an effective, comprehensive health care system.
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