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Chronic heart failure (CHF) is a progressive syndrome 
that results in a poor quality of life for the patient and 

places an economic burden on the health care system. De-
spite advances in the control of cardiovascular diseases such 
as myocardial infarction (MI), the incidence and prevalence 
of CHF continue to increase.1 An accurate estimate of dis-
ease burden is difficult to gather because of the vast number 
of patients with asymptomatic left ventricular (LV) dysfunc-
tion. As the population ages, there is an epidemiological 
shift toward a greater prevalence of clinical heart failure with 
preserved LV function, the so-called stiff-heart syndrome. 
In fact, heart failure with preserved systolic function may 
account for up to two-thirds of cases in patients older than 
70 years.2 Regardless of age, the lifetime risk of develop-
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On completion of this article, you should be able to: (1) apply evidence-based pharmacotherapy for systolic heart failure,  
(2) use multiple treatment strategies for the management of acute decompensated heart failure, and (3) recognize the im-
portance of device therapy in heart failure treatment.

Chronic heart failure (CHF) remains the only cardiovascular dis-
ease with an increasing hospitalization burden and an ongoing 
drain on health care expenditures. The prevalence of CHF in-
creases with advancing life span, with diastolic heart failure pre-
dominating in the elderly population. Primary prevention of coro-
nary artery disease and risk factor management via aggressive 
blood pressure control are central in preventing new occurrences 
of left ventricular dysfunction. Optimal therapy for CHF involves 
identification and correction of potentially reversible precipitants, 
target-dose titration of medical therapy, and management of hos-
pitalizations for decompensation. The etiological phenotype, ab-
solute decrease in left ventricular ejection fraction and a widen-
ing of QRS duration on electrocardiography, is commonly used to 
identify patients at increased risk of progression of heart failure 
and sudden death who may benefit from prophylactic implantable 
cardioverter-defibrillator placement with or without cardiac resyn-
chronization therapy. Patients who transition to advanced stages 
of disease despite optimal traditional medical and device therapy 
may be candidates for hemodynamically directed approaches 
such as a left ventricular assist device; in selected cases, listing 
for cardiac transplant may be warranted.
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fraction; MI = myocardial infarction; MR = mitral regurgitation; SCD = 
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ing heart failure is approximately 20% for all patients older 
than 40 years.3

 Despite the growing prevalence, novel screening tech-
niques and therapeutic directions have improved the out-
look for patients with heart failure by focusing not only on 
symptom control but also on ameliorating the pathophysi-
ology toward a corrective phenotype. This review discusses 
accepted and emerging therapeutic directions, with an em-
phasis on practical implications. In light of the available 
literature and clinical trials, the primary emphasis will be 
on systolic dysfunction, with a separate brief discussion of 
heart failure with preserved systolic function.

DIAGNOSIS 

No single test can be used to establish the clinical diagnosis 
of heart failure. Instead, history and physical examination 
findings showing signs and symptoms of congestion and/or 
end-organ hypoperfusion are used to make the diagnosis. Im-
aging studies documenting systolic or diastolic dysfunction 
and biomarkers are helpful adjuncts. Physical examination is 
not helpful in discriminating between systolic and diastolic 
heart failure because similar findings, including cardiomeg-
aly and an S

3
 gallop, can be seen in both conditions.4 Pulmo-

nary rales, often considered a sign of pulmonary venous con-
gestion, are often absent in CHF despite elevated left-sided 
filling pressures. This absence is due to chronic lymphatic 
hypertrophy, which prevents alveolar edema despite elevated 
interstitial pressures.5 Framingham criteria, widely used in 
clinical research, comprise a series of major and minor cri-
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teria that aid in the diagnosis of heart failure and emphasize 
the importance of jugular venous pressure elevation, an S

3
 

gallop, and a positive hepatojugular reflex in establishing 
a diagnosis, while minimizing the importance of lower ex-
tremity edema.6 The use of brain-type natriuretic peptides, in 
their active or inactive circulating forms, has evolved during 
the past decade, but the most well-established use remains in 
discriminating between causes of dyspnea when the diagno-
sis is in doubt.7 Comorbid conditions must be taken into ac-
count because renal insufficiency increases these levels and 
obesity lowers them.8,9

 The etiology of systolic heart failure dramatically affects 
prognosis and treatment. Coronary artery disease (CAD) ac-
counts for the vast majority of cases of systolic heart failure 
in the United States, followed by hypertensive and dilated 
cardiomyopathies.10 In the acute setting of newly diagnosed 
cardiomyopathy, the exclusion of underlying CAD and po-
tential “at-risk” myocardium that might benefit from revas-
cularization is critical. Patients with CAD and concomitant 
heart failure have a worse prognosis than those with nonis-
chemic cardiomyopathy, but myocardial function may sub-
stantially improve after revascularization in selected cases, 
highlighting the importance of making the appropriate diag-
nosis early and accurately.

RISK MARKERS, PREVENTION, AND SCREENING 

Risk MaRkeRs

Multiple cardiovascular conditions, ranging from arrhythmias 
to valvular heart disease, may ultimately lead to heart failure. 
Strict adherence to guideline-based management of these 
conditions is paramount in preventing heart failure. Advanced 
age is the most potent, albeit nonmodifiable, risk factor. Hy-
pertension, which is easily diagnosed and treated, increases 
the risk of heart failure 2- to 3-fold.10,11 Although the relative 
risk of developing heart failure is modest, the sheer preva-
lence renders it a cause in approximately one-third of cases, 
giving it a high population-attributable risk.12 In this regard, 
this risk marker serves as a most viable target for preventive 
therapy. Analysis of the Framingham heart study revealed the 
median blood pressure for patients who ultimately developed 
heart failure was 150/90 mm Hg,12 emphasizing that risk is 
increased in suboptimally treated hypertension even at mod-
est levels of severity. Multiple studies across a broad range 
of agents have unequivocally shown that treatment of blood 
pressure leads to a marked reduction in heart failure.13

 Incident risk factors for CAD, including diabetes and 
dyslipidemia, increase the probability of an MI, another 
important risk factor for heart failure.14 Although moderate 
alcohol consumption has been correlated with a reduced in-
cidence of heart failure in several large patient cohorts,15,16 
mild to moderate alcohol consumption is associated with 

an increase in blood pressure,17 and cardiomyopathy is 
a well-described complication of long-standing alcohol 
abuse.
 Obesity, defined as a body mass index greater than 30 kg/
m2, is increasingly being recognized as an independent risk 
factor for heart failure.18 Obesity leads to alterations in LV 
chamber size and mass, which may progress over time to 
systolic and diastolic dysfunction.19 Intentional weight loss 
may lead to regression of some of these structural changes 
and is generally advisable.20 The association between obesi-
ty and heart failure is complex, as excess weight is correlated 
with a reduction in hospitalizations and improved survival in 
patients with established heart failure.21,22

PRevention

In light of the high mortality, functional limitation, and 
health care costs that accompany a diagnosis of heart fail-
ure, recognition of the importance of prevention is ever-
increasing. To highlight the role of prevention in the overall 
management strategy of heart failure, the American Col-
lege of Cardiology (ACC)/American Heart Association 
(AHA) guidelines have identified 4 stages of heart failure23 
(Table 1). Important in this schema is delineation of a pre-
clinical class (stage A) consisting of patients with condi-
tions that are associated with an increased likelihood for 
developing heart failure and who should be targeted for ag-
gressive risk factor reduction. Patients with asymptomatic 
structural LV disease constitute stage B. SOLVD (Study of 
Left Ventricular Dysfunction), a landmark study, examined 
angiotensin-converting enzyme inhibitor (ACEI) treatment 
in this population, demonstrating a 33% reduction in clini-
cal heart failure and hospitalizations.24 Although no ran-
domized controlled trials of β-blockers in patients with 
asymptomatic LV dysfunction have been completed, the 
most recent version of the ACC/AHA guidelines recom-
mend using β-blockers in patients with stage B disease.23

scReening

Screening asymptomatic patients for heart failure remains 
controversial and is an area of active investigation. Evi-

TABLE 1. American College of Cardiology/American Heart  
Association Classification of Heart Failure

 Stage Definition Example

 A Risk factors for heart Hypertension, CAD, diabetes, family
   failure  history, cardiotoxic medications
 B Asymptomatic LV LV hypertrophy, LV dilatation,   
   dysfunction  valvular heart disease
 C Symptomatic heart Dyspnea at rest or with exertion,  
   failure  fluid retention
 D Advanced heart Inotrope requirement, consideration  
   failure  for assist device or transplant

CAD = coronary artery disease; LV = left ventricular.
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dence in support of this practice comes from the Cardio-
vascular Health Study. Only 9% of patients who ultimately 
developed systolic heart failure had a reduced LV ejection 
fraction (LVEF) on study enrollment.25 Biomarkers, such 
as N-terminal prohormone brain natriuretic peptide and 
troponin, may potentially function in this role; however, 
the cost-effectiveness and target populations for these strat-
egies remain unsettled.26,27 Clearly, meaningful strides in 
heart failure reduction can be attained simply through ad-
herence to existing guidelines and elimination of the finan-
cial and psychosocial barriers that deter patients from tak-
ing prescribed medical therapy. In a primary care practice, 
it is incumbent upon the practitioner to develop a focused 
approach to screening for latent structural heart disease 
and to develop a clinical screen for manifest CHF. Such 
screening can be accomplished by asking a simple series 
of questions related to the occurrence of such symptoms as 
easy fatigability, functional limitations, and development 
of lower extremity swelling.

PATHOPHYSIOLOGY AND THERAPEUTIC  
IMPLICATIONS: SYSTOLIC HEART FAILURE

PathoPhysiology

Multiple models have been conceptualized to explain the 
complex clinical syndrome of heart failure, which stems 
from a combination of structural pathology, neurohormonal 
activation, and altered cardiorenal dynamics with end-organ 
hypofunction (Figure 1). The development of heart failure 
is characterized by an inciting cardiac injury that triggers 
a cascade of neurohormonal responses. The previously 
normal heart may be subject to either an acute (MI) or a 

chronic (hypertension, valvular heart disease) insult, result-
ing in altered loading conditions. Subsequent stretching of 
myocardial fibers or their loss evokes a neurohormonal re-
sponse characterized by activation of the renin-angiotensin-
aldosterone system and the sympathetic nervous system. In 
the short term, these mechanisms are beneficial and adap-
tive, sustaining heart rate, blood pressure, and cardiac out-
put, thereby maintaining organ perfusion. Over time, these 
responses become detrimental, resulting in disruptions of 
β-adrenergic signaling and impaired mobilization of intra-
cellular calcium.28,29 Left untreated, this abnormal neuro-
hormonal milieu leads to myocyte hypertrophy, apoptosis, 
fibroblast proliferation, and interstitial collagen accumu-
lation, culminating in adverse remodeling and pump dys-
function.30 The consequences of these pathologic structural 
changes are a reduction in stroke volume, an increase in 
systemic vascular resistance, and development of signs and 
symptoms of congestion and hypoperfusion. These princi-
ples have guided the development of therapeutic agents and 
clinical trial design.

clinical insights

As a general rule, caution must be exercised with the use 
of all drugs in the setting of impaired myocardial function. 
The absorption, distribution, and elimination of drugs are 
all dependent on circulation, and in the patient with heart 
failure, blood flow is altered both to sites of drug metabo-
lism and storage. Furthermore, intestinal edema from pas-
sive congestion may alter oral absorption, and concomi-
tant liver or kidney dysfunction is frequently encountered. 
Table 2 summarizes the drugs routinely studied in clinical 
practice.

At-risk patient with risk factors
Triggering event (eg, MI, arrhythmia)

LV dysfunction
Initial
hemodynamic response 

Reduced stroke volume
Increased �lling pressures

Compensatory mechanisms
Activation of RAAS
Activation of SNS
Activation of proin�ammatory cytokines 
Increased vasopressin

Hemodynamic effects

Increased vascular resistance
Increased heart rate
Altered renal blood �ow
Adverse remodeling

Worsening heart failure

FIGURE 1. Pathophysiology of chronic heart failure. LV = left ventricular; MI = myocardial 
infarction; RAAS = renin-angiotensin-aldosterone system; SNS = sympathetic nervous 
system.
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CLINICAL PEARLS IN SUCCESSFUL  
HEART FAILURE THERAPY

BehavioRal and lifestyle Modifications aRe essential to 
ensuRing success of heaRt failuRe PhaRMacotheRaPy

Before initiation of pharmacotherapy, patients must be coun-
seled regarding the importance of dietary discretion, and nu-
tritional consultation should be provided. Strict adherence 
should be emphasized, and the importance of daily weight 
measurements addressed. Patients should be provided with 
instructions regarding diuretic dosing adjustments for sud-
den changes in weight.

angiotensin-conveRting enzyMe inhiBitoRs and β-BlockeRs 
foRM the coRneRstone of chf PhaRMacotheRaPy

Figures 231-34 and 335-37 summarize the results of the ef-
fects of treatment with angiotensin-converting enzyme in-
hibitors (ACEIs) and β-blockers, respectively, on all-cause 
mortality. On a cellular level, ACEIs slow the progression 
of cardiovascular disease by multiple pleiotropic effects, 
including improved endothelial function;  antiproliferative 
effects on smooth muscle cells, neutrophils, and mono-
cytes; and antithrombotic effects.38 Meta-analyses suggest 
a 23% reduction in mortality and a 35% reduction in the 
combination end point of mortality and hospitalizations for 
heart failure in patients treated with ACEIs.39 β-Blockers 
up-regulate β-1 receptor density, blunt norepinephrine and 
renin production, and mitigate production of deleterious cy-
tokines,  including tumor necrosis factor α.40 Large-scale 
clinical trials demonstrated a 35% reduction in mortality in 
patients treated with β-blockers on top of the benefit pro-
vided by ACEIs alone.35,36 Increased experience with both 
agents in a broad range of patients with heart failure has 
shown the safety of ACEIs in treating patients with mild 
renal insufficiency and the tolerability of β-blockers in pa-
tients with moderately controlled diabetes, asthma, and ob-
structive lung disease. The benefits of β-blockers and ACEIs 
extend to patients with class IV heart failure.37 Patients with 
advanced disease may not be able to tolerate escalating dos-
es of β-blockers, and the need to withdraw or reduce doses 
of established medications due to dizziness or hypotension 
may be an ominous sign of worsening heart failure.

WheReas the Benefits of aceis aPPeaR to Be class  
sPecific, β-BlockeR use should Be Relegated to  
clinical tRials

Although there was initial optimism surrounding the use of 
tissue ACEIs vs non-tissue ACEIs, there appears to be no 
significant difference in outcomes between agents, and the 
benefits appear to be a class effect.41 Conversely, the ben-
eficial effects of β-blockers are thought to be limited to 
specific drugs. β-Blockers with intrinsic sympathomimetic 

activity (xamoterol) and other agents, including bucindolol, 
have not demonstrated a survival benefit.42,43 On the basis of 
these studies, we recommend that β-blocker use be restricted 
to carvedilol, bisoprolol, and metoprolol succinate, agents 
proven to improve survival in clinical trials. 

in Patients With neWly diagnosed chf, it is safe to use 
eitheR a β-BlockeR oR an acei as fiRst-line theRaPy

The long-established paradigm had typically been to initi-
ate ACEI therapy before β-blocker therapy, primarily be-
cause β-blocker studies were performed with background 
ACEI therapy. Which of these agents was used as initial 

TABLE 2. Targets of Medical Therapy in Patients 
With Heart Failure

 Target of therapy Therapeutic agent Safety Survival

Sympathetic nervous 
 system β-Blockers Y Y
RAAS ACEIs Y Y
RAAS ARBs Y Y
RAAS/cellular turnover Aldosterone antagonists Y Y
Baroreceptor 
 dysfunction Digoxin Y N
Vasopressin antagonisn Tolvaptan Y N
Altered systemic 
 vascular resistance Hydralazine and nitrates Y Y
Altered systemic  Dihydropyridine calcium Y N
 vascular resistance  channel blockers  
Altered systemic  Nondihydropyridine N N
 vascular resistance  calcium channel 
   blockers 
Congestion and altered 
 cardiorenal dynamics Diuretic agents Y N
Coagulopathy Warfarin Y N
Inflammation Statins Y N

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin II 
receptor blocker; RAAS = renin-angiotensin-aldosterone system.

FIGURE 2. Angiotensin-converting enzyme inhibitor mortality trials: 
all-cause mortality results. AIRE = Acute Infarction Ramipril Efficacy; 
CONSENSUS = Cooperative North Scandinavian Enalapril Survival 
Study; SAVE = Survival and Ventricular Enlargement; SOLVD = Stud-
ies of Left Ventricular Dysfunction.

CONSENUS (enalapril)31 

SAVE (captopril)32

SOLVD (enalapril)33

AIRE (ramipril)34

11 0.25 0.5 0.75 1.25 1.5 1.75 2.0

31% P=.001

19% P=.19

16% P=.0014

27% P=.002

Relative risk reductions and 95% con�dence intervals
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therapy and which was added subsequently did not affect 
outcomes in CIBIS (Cardiac Insufficiency Bisoprolol Study) 
III.44  It is key to use both agents at target doses and to follow 
up in a timely manner, titrating the dose as necessary.

atteMPts should Be Made to attain doses of dRugs 
studied in clinical tRials, and RaPid outPatient titRation 
of dRugs is feasiBle

Clinical trial data support a dose-dependent improvement in 
LV function and reductions in mortality and hospitalizations 
with β-blocker use.45 Although a variable dosing trial dem-
onstrated no additional survival benefits with higher doses of 
ACEI, higher doses were associated with reduced hospital-
izations.46 Clinical experience suggests that, in the absence of 
symptoms to suggest hypotension (eg, fatigue and dizziness), 
pharmacotherapy may be up-titrated every 2 to 3 weeks in oth-
erwise hemodynamically stable and euvolemic outpatients.

aldosteRone antagonisM is Beneficial in Patients With 
advanced (neW yoRk heaRt association iii and iv)  
heaRt failuRe

The elevated aldosterone levels seen in patients with heart 
failure47 promote sodium retention, electrolyte imbalances, 
and endothelial dysfunction and may directly contribute to 
myocardial fibrosis.48 Both the selective agent eplerenone 
and the nonselective antagonist spironolactone reduce mor-
tality and hospitalizations, with significant reductions in 
sudden cardiac death (SCD).49,50 Hyperkalemia is a concern, 
especially in patients with underlying chronic kidney dis-
ease, and renal function and serum potassium levels must be 
closely monitored.51

angiotensin ii RecePtoR BlockeRs should Be used in Pa-
tients intoleRant of aceis, But tRiPle neuRohoRMonal 
Blockade (aceis, β-BlockeRs, and angiotensin ii RecePtoR 
BlockeRs) should Be avoided

Circulating levels of angiotensin II increase to pretreat-
ment levels with long-term angiotensin-converting enzyme 
inhibition.52 Angiotensin II receptor blockers (ARBs) bind 
competitively to the AT

1
 receptor, providing a downstream ef-

fect and thereby blunting this escape phenomenon.53 A large 
meta-analysis of 24 randomized trials showed the superiority 
of ARBs to placebo in patients with intolerable adverse ef-
fects with ACEIs and their noninferiority in all-cause mortal-
ity or hospitalizations when directly compared with ACEIs.54 
Val-HeFT (Valsartan Heart Failure Trial) suggested that addi-
tion of valsartan in patients already receiving treatment with 
ACEIs and β-blockers was associated with a trend toward 
worse outcomes.55 Similarly, adding valsartan to captopril in 
patients with heart failure after MI who were receiving back-
ground β-blocker therapy was associated with an increase 
in adverse events without any added benefit compared with 

monotherapy for either group.56 A ceiling effect appears to 
exist beyond which additional neurohormonal blockade may 
no longer be beneficial and may even trend toward harm. 
Thus, the clinical dictum should be to use a 2-drug combina-
tion first (ACEI and β-blocker; if β-blocker intolerant: ACEI 
and ARB; if ACEI intolerant: ARB and β-blocker).

the coMBination of hydRalazine and nitRates should Be 
liMited to sPecial PoPulations: those Patients Who ReMain 
hyPeRtensive With neuRohoRMonal Blockade and those With 
Renal insufficiency PRohiBiting use of aceis oR aRBs

Hydralazine produces arterial vasodilatation and systemic 
vascular resistance reduction via modulation of intracellular 
calcium kinetics,57 and nitrates are transformed in smooth 
muscle cells into nitric oxide, which stimulates cyclic 
guanosine monophosphate production and subsequent arte-
rial vasodilation.58 This combination improves survival, but 
not to the magnitude evidenced by ACEIs or ARBs.59,60 A-
Heft (African-American Heart Failure Trial) studied an Af-
rican American population and added fixed-dose isosorbide 
dinitrate with hydralazine in patients with advanced heart 
failure who were receiving standard background therapy.61 
The study was terminated ahead of time because of an early 
difference in survival and hospitalizations. Adherence to this 
regimen is often limited by the thrice-daily dosing schedule.

in Patients With Residual syMPtoMs desPite  
oPtiMization of voluMe status and PhaRMacotheRaPy,  
addition of digoxin should Be consideRed

Digitalis glycosides exert a mild inotropic effect, but more 
importantly, attenuate carotid sinus baroreceptors and have 
sympathoinhibitory effects that result in a decrease in serum 
norepinephrine levels, plasma renin levels, and possibly 
aldosterone levels.62,63 The landmark DIG (Digitalis Inves-
tigation Group) trial demonstrated a reduction in hospital-
izations for heart failure in the treatment group but showed 

CIBIS-II (bisoprolol)35 

MERIT-HF (metoprolol succinate)36 

COPERNICUS (carvedilol)37 

34%

34%

35%

P=.0001

P=.0062

P=.0014 �

�

�

0 0.25 0.5 0.75 1 1.25 1.75 21.5

Relative risk reductions and 95% con�dence intervals

FIGURE 3. β-Blocker mortality trials: all-cause mortality results. CIBIS 
II = Cardiac Insufficiency Bisoprolol Study II; COPERNICUS = Carvedilol 
Prospective Randomized Cumulative Survival; MERIT-HF = Metoprolol 
CR/XL Randomised Intervention Trial in Congestive Heart Failure.
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no reduction in mortality or significant changes in quality 
of life.64 Importantly, treatment with digoxin resulted in a 
higher mortality rate in women than men. Furthermore, the 
effects of digoxin in reducing hospitalizations were lower 
in women than in men.65 It should be noted that low doses 
of digoxin are sufficient to achieve the potentially beneficial 
outcomes, and higher doses tend to breach the therapeutic 
safety index. Trough digoxin levels are checked to minimize 
the risk of toxicity, and although dose reductions are indicat-
ed for higher levels, no adjustment is made for low levels.

adequate dosing of diuRetic agents is cRitical in  
Managing syMPtoMs and functional status

Neurohormonal activation results in avid salt and water re-
tention. Loop diuretic agents are often required because of 
their increased potency, and frequent dose adjustments may 
be necessary because of variable oral absorption and fluctua-
tions in renal function. Importantly, clinical trial data confirm-
ing efficacy are limited, and no data suggest that these agents 
improve survival. Thus, diuretic agents should ideally be used 
in tailored dosing schedules to avoid excessive exposure.

Routine anticoagulation has no Role in the Patient With 
heaRt failuRe 
Although heart failure is accompanied by a hypercoagula-
ble state,66 data are insufficient to support the use of warfa-
rin in patients in normal sinus rhythm without a history of 
thromboembolic events or echocardiographic evidence of 
LV thrombus. Aspirin blunts ACEI-mediated prostaglan-
din synthesis, but the clinical importance of this finding 
remains unclear.67,68 Current guidelines support the use of 
aspirin in patients with ischemic cardiomyopathy.

the second-geneRation calciuM channel–Blocking agents 
aMlodiPine and felodiPine aRe safe and effective in 
Reducing Blood PRessuRe But have no effects on 
MoRBidity, MoRtality, oR quality of life  

Amlodipine and felodipine, second-generation calcium chan-
nel–blocking agents, safely and effectively reduce blood pres-
sure but do not affect morbidity, mortality, or quality of life. 69-71  
The first-generation agents, including verapamil and diltiazem, 
may exert negative inotropic effects and destabilize previously 
asymptomatic patients.72 Their use should be discouraged.

UNSUCCESSFUL THERAPIES 

Success has been limited in extending the pharmacotherapy 
for heart failure beyond targeting the renin-angiotensin- 
aldosterone system and the sympathetic nervous system. De-
spite an abundance of animal and clinical data demonstrat-
ing the deleterious effects of various cytokines, therapies 
directed at reducing their levels have largely been unsuc-

cessful. As an example, vasopressin plasma concentrations 
are elevated in patients with heart failure, but treatment with 
vasopressin antagonists has not translated into improved 
long-term outcomes.73,74 A list of these agents is summarized 
in Table 3. Given the apparent limitations on pharmacothera-
py, additional areas of treatment should be considered.

NOVEL TREATMENT TARGETS 

sleeP-disoRdeRed BReathing 
Sleep-disordered breathing encompasses obstructive sleep 
apnea and Cheyne-Stokes breathing in its extreme form. 
Sleep-disordered breathing is common and may coex-
ist in patients with CHF despite optimal pharmacological 
treatment.81 The frequent periods of hypoxia and repeated 
nighttime arousals trigger adrenergic surges, which can 
worsen hypertension and impair systolic and diastolic 
function. Obstructive sleep apnea is an independent predic-
tor of worsening outcomes in heart failure.82 Diagnosis of 
obstructive sleep apnea requires a high index of suspicion 
and should be considered in all patients, but especially in 
high-risk patients (ie, those with predominant symptoms 
of fatigue and those with favorable LV remodeling while 
receiving therapy with worsening of right ventricular func-
tion). The diagnosis of sleep-disordered breathing is made 
via overnight polysomnography. Treatment with nocturnal 
positive airway pressure improves oxygenation, ejection 
fraction, and 6-minute walk distance. However, no firm 
data support improved survival with treatment.83

atRial fiBRillation 
Atrial fibrillation (AF) is common in patients with heart 
failure, and the rapid ventricular rates are often poorly tol-
erated. Despite the burden of AF in heart failure, convincing 
data are lacking that AF incrementally increases mortality. 
Primary reasons to treat AF are to stabilize LV function 
and to manage symptoms. Multiple studies have shown no 
superiority of rhythm vs rate control in this patient popula-
tion.84 Rate control is typically achieved with β-blockers 
and digoxin. Diltiazem and verapamil should be avoided. 
Given the high risk of thromboembolism, warfarin should 
be administered to all patients when possible, with strict 
monitoring of the international normalized ratio.

TABLE 3. Unsuccessful Therapies for Heart Failure

 Mechanism of action Agent

Endothelin receptor antagonists Darusentan75

Vasopeptidase inhibition Omapatrilat76

Prostacyclin analogue Epoprostenol77

Tumor necrosis factor α 
 antagonism Infliximab, etanercept78,79

Central sympathetic inhibition Moxonidine80
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 When rate control is inadequate or symptoms persist, 
pursuing a rhythm control strategy is reasonable. Rhythm 
control may be achieved via pharmacotherapy or by percu-
taneous or surgical techniques, and referral to practitioners 
or centers experienced in these modalities is recommended. 
Current antiarrhthymic drug therapy should be restricted to 
amiodarone and dofetilide, both of which have been shown to 
be safe and effective. ANDROMEDA (Antiarrhythmic Trial 
with Dronedarone in Moderate-to-Severe Congestive Heart 
Failure Evaluating Morbidity Decrease) studied the effects 
of the novel antiarrhythmic agent dronedarone, finding in-
creased mortality related to worsening treatment-associated 
heart failure.85 Catheter ablation and pulmonary vein isola-
tion appear to be safe and effective in this high-risk cohort 
and compare favorably with the more established practice of 
atrioventricular node ablation and biventricular pacing.86

exeRcise tRaining 
Exercise training is recommended as an adjunctive treat-
ment in patients with heart failure. Until recently, this 
recommendation stemmed from small clinical trials with 
varying end points. HF-ACTION (Heart Failure: A Con-
trolled Trial Investigating Outcomes of Exercise Train-
ing) investigated the short- (3-month) and long-term 
(12-month) effects of a supervised exercise program in 
patients with moderate heart failure.87 Exercise was safe, 
improved patients’ sense of well-being, and correlated with 
a trend toward mortality reduction.87,88 Maximal changes 
in 6-minute walk distance were evident at 3 months, but 
the effects were durable, with significant improvements in 
cardiopulmonary exercise time and peak oxygen consump-
tion persisting at 12 months. Thus, it is critical that primary 
care physicians emphasize the importance of exercise to 
most patients with heart failure and ensure adherence to 
this recommendation during follow-up.

DEVICE THERAPY

Device therapy adds incremental benefit in patients with 
systolic heart failure or in those who remain ill after receiv-
ing medical therapy and can be used to prevent a crisis such 

as a sudden arrhythmic event.89 Mechanical dyssynchrony, 
defined as nonsynchronous contraction between the walls of 
the left ventricle (intraventricular) or between the ventricular 
chambers (interventricular), impairs systolic function, ad-
versely affects ventricular filling, increases wall stress, and 
worsens mitral regurgitation (MR). Dyssynchrony is most 
readily defined by the presence of QRS widening on the 
electrocardiogram and can be visualized on 2-dimensional 
echocardiography. Placement of a pacing lead via the coro-
nary sinus to the lateral wall of the ventricle enables a more 
synchronous ventricular contraction. Current indications for 
cardiac resynchronization therapy (CRT) placement are sum-
marized in Table 4. Early studies showed improved exercise 
capacity, reduction in symptoms, and evidence of reverse re-
modeling.90 The CARE-HF (Cardiac Resynchronization in 
Heart Failure Study) trial was the first study to demonstrate 
a statistically significant reduction in all-cause mortality 
with CRT placement.91 A meta-analysis of 14 randomized 
trials of CRT confirmed significant reductions in morbidity 
and mortality.92 Attempts to further optimize risk stratifica-
tion and expand indications for CRT using modalities other 
than electrocardiography have proven disappointing. In par-
ticular, echocardiographically derived measures of dyssyn-
chrony vary tremendously, and narrow QRS dyssynchrony 
has not proven to be a good target for treatment.93,94 At this 
time, CRT should not be used as salvage therapy in patients 
admitted with acute decompensated heart failure (ADHF). 
Current indications for CRT implantation are summarized 
in Table 4.
 Sudden cardiac death is the mode of death in approxi-
mately half of patients with heart failure and is particularly 
devastating to those with mild symptoms.95 Patients who 
survive an episode of SCD are considered to be at very high 
risk and qualify for placement of an implantable cardio-
verter-defibrillator (ICD). Identifying patients for primary 
prevention of SCD is challenging. The patients at highest 
risk are those who have experienced an MI and have im-
paired LVEF. MADIT II (Multicenter Automatic Defibril-
lator Trial II) demonstrated that patients with a nonrecent 
MI and an LVEF of less than 30% derived a significant 
survival benefit after ICD implantation.96 Criteria for ICD 
placement were further expanded by the publication of 
the findings of SCD-HeFT (SCD in Heart Failure Trial), 
which evaluated all patients with cardiomyopathy (nonis-
chemic and ischemic) and an LVEF of less than 35%, find-
ing significant mortality reductions with ICD treatment.97 
Additional efforts to further clarify arrhythmic risk using 
techniques such as microvolt T-wave alternans have proven 
disappointing.98 Importantly, current guidelines for ICD 
implantation capture only a small fraction of the overall 
number of patients who experience SCD annually, so con-
tinued investigation into risk stratification criteria is war-

TABLE 4. Indications for Cardiac Resynchronization Therapya

 Cardiac resynchronization therapy indicatedb

  LVEF ≤35%
  QRS duration >120 ms
  NYHA II-IV symptoms with optimal medical therapy
 Consider cardiac resynchronization therapyb

  LVEF ≤35%
  NYHA II-IV symptoms with frequent right ventricular pacing

a LVEF = left ventricular ejection fraction; NYHA = New York Heart 
Association.

b Only if all listed criteria are satisfied.
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ranted. In general, a patient with heart failure who is doing 
well but who has mild symptoms and whose LVEF remains 
compromised should be considered for ICD implantation. 
Similarly, the presence of LV dysfunction in survivors of 
an MI should prompt such consideration even if the patient 
has no symptoms. In patients with a terminal illness and a 
predicted life span of fewer than 6 months or in those with 
New York Heart Association class IV symptoms that are 
refractory to medications and who are not candidates for 
transplant, the risks of multiple ICD shocks must be care-
fully weighed against the survival benefits. Table 5 sum-
marizes current indications for ICD implantation.

SURGICAL TREATMENT 

Patients with ischemic cardiomyopathy often have mul-
tivessel CAD. The recognition that hibernating myocar-
dium, defined as myocardial tissue with abnormal func-
tion but maintained cellular function, could recover after 
revascularization greatly affected treatment of patients 
with ischemic cardiomyopathy. Allman et al99 performed 
a meta-analysis of 24 studies investigating late survival in 
3088 patients with ischemic cardiomyopathy treated with 
revascularization or medical therapy. In patients with myo-
cardial viability (42% of patients), a marked 79% reduc-
tion in annual mortality (16% vs 3%) was observed, with 
the greatest benefit derived among patients with the poorest 
LV function and the most viability. Furthermore, patients 
without substantial viability showed no incremental benefit 
with revascularization. Revascularization is most robustly 
supported in individuals with ongoing angina and LV fail-
ure. Revascularizing those with LV failure in the absence 
of angina remains controversial, but many clinicians opt 
for revascularization if a substantial amount of hibernating 
silently ischemic myocardium is discovered.
 Varying degrees of MR are common in dilated cardio-
myopathy. Functional MR is characterized by annular dilata-
tion and leaflet noncoaptation in the setting of anatomically 
normal papillary muscles, chordal structures, and valve leaf-
lets. In patients who are not candidates for surgical coronary 
revascularization, mitral valve repair remains controversial. 
Ischemic MR (or infarct-related MR) is typically associated 
with leaflet tethering and displacement related to abnormal 
LV wall motion and geometry. In this cohort, mitral valve 
repair appears safe and feasible; however, the long-term ben-
efits are unclear.100 Concomitant AF is found in a large num-
ber of these patients, and a surgical MAZE procedure can be 
performed at the time of mitral valve surgery with durable 
maintenance of sinus rhythm.
 Multiple surgical techniques to reduce LV volume and 
thereby alleviate LV wall stress have been used. The recent-
ly published STICH (Surgical Treatment for Ischemic Heart 

Failure) trial randomized patients with ischemic cardiomyo-
pathy undergoing coronary artery bypass grafting (CABG) to 
CABG alone vs CABG plus surgical ventricular reconstruc-
tion.101 Although surgical reconstruction reduced LV volumes 
and LV wall stress, no difference in mortality or hospitaliza-
tions was found. On the basis of these study results, routine 
surgical LV reconstruction with CABG is discouraged. How-
ever, LV volume reduction may still play a role when nonvi-
ability of the akinetic segment can be established and when 
the procedure is likely to provide a volume reduction of a 
magnitude approaching 30%. Figure 4 summarizes the surgi-
cal approach to the patient with heart failure.

ACUTE DECOMPENSATED HEART FAILURE

Acute decompensated heart failure represents a unique 
clinical syndrome resulting from interrelated abnormalities 
of decreased cardiac performance, renal dysfunction, and 
alterations in vascular compliance. Admission with a diag-
nosis of ADHF carries a grim prognosis. Half of patients 
admitted with acute heart failure are readmitted within 6 
months,102 and the mortality after an admission is 12% at 
30 days.103 ADHERE (Analysis of the Acute Decompen-
sated Heart Failure Registry) revealed that in-hospital 
mortality after hospital admission for ADHF ranges from 
5% to 8%, with 1-year mortality averaging 40% to 60%.104 
Hospitalization with ADHF is a sentinel event that signals 
a progression in disease status.
 The known precipitants of ADHF are summarized in Ta-
ble 6. When possible, attempts should be made to identify and 
treat potential precipitating factors by controlling heart rate or 
restoring sinus rhythm in patients with poorly tolerated rapid 
AF, by correcting ischemia with coronary revascularization, 
and by promptly removing offending medications. Specific 
attention should be focused on the use of nonsteroidal anti- 
inflammatory drugs, cold and flu preparations, and herbal 
preparations, including licorice, ginseng, and ma huang. 

TABLE 5. Primary Prevention ICD Placement Guidelines

Indicated
 Prior MI, LVEF ≤35%, inducible VT on EP study, EP study performed  
  4 wk after MI
 Prior MI and LVEF ≤30%
 LVEF ≤35% with NYHA II or III CHF (CMS will not reimburse for  
  ICD placement in newly diagnosed NICM until duration of 3-9 mo)
Excluded
 MI within past 40 d
 CABG/PCI within past 3 mo
 Noncardiac disease associated with survival <1 y

CABG = coronary artery bypass grafting; CHF = chronic heart failure; 
CMS = Centers for Medicare & Medicaid Services; EP = electrophysiol-
ogy; ICD = implantable cardioverter-defibrillator; LVEF = left ventricular 
ejection fraction; MI = myocardial infarction; NICM = nonischemic car-
diomyopathy; NYHA = New York Heart Association; PCI = percutaneous 
coronary intervention; VT = ventricular tachycardia.
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Routine use of a pulmonary artery catheter is not recom-
mended and should be restricted to those who respond 
poorly to diuresis or experience hypotension or signs and 
symptoms suggestive of a low cardiac output.105 Analysis of 
the ADHERE registry has identified 4 parameters associated 
with worse outcomes: a blood urea nitrogen level greater 
than 43 mg/dL (to convert to mmol/L, multiply by 0.357), 
systolic blood pressure less than 115 mm Hg, a serum crea-
tinine level greater than 2.75 mg/dL (to convert to μmol/L, 
multiply by 88.4), and an elevated troponin I level.106,107

 Intravenous diuretic agents rapidly and effectively re-
lieve symptoms of congestion and are essential when oral 
drug absorption is impaired.108 When high doses of diuretic 
agents are required, or when the effect is suboptimal, a 
continuous infusion may be needed to reduce toxicity and 
maintain stable serum drug levels.109 Addition of a thiazide 
diuretic agent such as metolazone in combination provides 
a synergistic effect and is often required in patients receiv-

ing long-term therapy with loop diuretic agents.110 Change 
in weight is often used as a surrogate for adequate diuresis, 
but this objective measure of volume status may be surpris-
ingly difficult to interpret, and weight loss during hospital-
ization does not necessarily correlate with outcomes.111 It 
is generally advisable to continue diuresis until euvolemia 
has been achieved. Physical examination findings, specifi-
cally the jugular venous pressure coupled with biomarker 
trends, are useful in timing discharge planning.
 The cardiorenal syndrome is being recognized increas-
ingly as a complication of ADHF. Multiple definitions 
have been proposed for the cardiorenal syndrome, but at its 
simplest it can be thought to reflect the interplay between 
abnormalities of heart and kidney function, with deteriorat-
ing function of one organ while therapy is administered to 
preserve the other.112 Approximately 30% of patients hospi-
talized with ADHF have abnormal renal function at baseline, 
correlating with longer hospitalizations, higher costs, and in-

FIGURE 4. Surgical evaluation of heart failure. CABG = coronary artery bypass grafting; LVAD = left ventricular assist device; MVR = mitral valve 
repair; PCI = percutaneous coronary intervention; TX = heart transplant.
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creased mortality.113 Interestingly, recent studies have found 
no correlation between deterioration in renal function, car-
diac output, filling pressures, and reduced renal perfusion; in 
fact, most patients who develop cardiorenal syndrome do not 
have a low cardiac output.114,115 It is hypothesized that in pa-
tients with established heart failure, this syndrome represents 
a complex interplay of neurohormonal factors, potentially 
exacerbated by “backward failure” resulting from increased 
intra-abdominal pressure and impairment in return of renal 
venous blood flow.116 Continued use of diuretic therapy is 
associated with a reduction in glomerular filtration rate and 
a worsening of the cardiorenal syndrome.
 Ultrafiltration (UF) is an invasive fluid removal tech-
nique that may supplement or obviate the need for diuretic 
therapy. Benefits of UF include adjustable fluid removal 
rates, neutral effects on serum electrolytes, and decreased 
neurohormonal activity. Current UF systems can function 
with 2 large-bore peripherally inserted venous lines. In a 
pivotal study evaluating UF with conventional therapy, fluid 
removal was improved and subsequent heart failure hospi-
talizations and urgent clinic visits were reduced; however, 
no improvement in renal function and no subjective differ-
ences in dyspnea scores or adverse outcomes were noted.117 
Ultrafiltration appears safe and effective, but available data 
do not suggest expanding its role beyond patients who do 
not respond adequately to conventional diuretic therapy.
 Nesiritide is a recombinant brain-type natriuretic pep-
tide. When administered as a continuous infusion with con-
comitant diuretic therapy, it reduces pulmonary capillary 
wedge pressure and augments cardiac output.118 Despite 
these benefits, enthusiasm for nesiritide has waned in recent 
years. Post hoc analysis of the findings from the pivotal trials 
has questioned its kidney-sparing effects, and data regarding 
reductions in hospital stays and improvements in long-term 
outcomes are lacking.119 Current clinical practice largely re-
stricts the use of nesiritide to normotensive patients who re-
main volume overloaded despite adequate doses of diuretic 
therapy. Current research focuses on dose titrations to mini-
mize hypotension and on further identification of patients 
who are most likely to benefit from treatment.
 Inotropic therapy augments cardiac output, improves per-
fusion, and relieves congestion. Milrinone and dobutamine, 
the most commonly used inotropes in clinical practice, have 
similar hemodynamic profiles; however, milrinone is renally 
excreted and thus requires dose adjustments in the setting 
of kidney dysfunction. Milrinone acts downstream from the 
β

1
-adrenergic receptor, providing a theoretical advantage in 

patients who are taking high doses of β-blockers when ad-
mitted to the hospital. In patients with clinical or laboratory 
evidence of reduced cardiac output and pulmonary conges-
tion who cannot tolerate further afterload reduction, inotropic 
support may be indicated but must be used with caution.

 Studies are in universal agreement that long-term inotro-
pic therapy increases mortality. More recent studies suggest 
that even short-term inotrope use may be associated with in-
creased risks.120,121 The OPTIME-CHF (Outcomes of a Pro-
spective Trial of Intravenous Milrinone for Exacerbations 
of Chronic Heart Failure) investigators compared inotropic 
therapy to standard care in patients admitted with ADHF and 
found no reductions in subsequent hospitalizations between 
groups but more frequent hypotension and arrhythmias in 
the inotrope-treated group.121 The use of these agents re-
mains controversial and highly dependent on the institution 
or practitioner. They are currently indicated as bridge therapy 
(to either LV assist device [LVAD] support or to transplant) 
or for palliation in end-stage heart failure.
 In patients who fail to respond adequately to medical 
therapy, mechanical assist devices may be required. The 
intra-aortic balloon pump, a percutaneously implanted 
device inserted via the femoral artery into the descending 
thoracic aorta, deflates with systole and expands in dias-
tole. Balloon expansion rapidly unloads the LV, enhances 
coronary arterial blood flow, reduces LV diastolic pressure, 
and augments cardiac output up to 50%.122,123 Moderate to 
severe aortic insufficiency and aortic dissection are con-
traindications to implantation, and care must be taken in 
the setting of underlying peripheral arterial disease. Intra-
aortic balloon pump duration is typically 1 to 27 days, with 
the likelihood of vascular, infectious, and hematologic 
complications increasing with longer durations.
 When organ hypoperfusion persists despite maximal 
medical support and balloon pump support, a percutane-
ously or surgically placed LVAD should be considered. The 
percutaneous devices augment cardiac output but typically 
require placement of a larger sheath and carry an increased 
risk of vascular complications. Additional temporary me-
chanical circulatory support, including venoarterial extracor-
poreal membrane oxygenation, should be considered in the 
critically ill patient. Use of long-term mechanical circulatory 
support via surgically placed LVADs is becoming more com-
mon in the management of advanced heart failure. Left ven-
tricular assist devices can be used as a bridge to transplant 
or in patients who are too ill or hemodynamically unstable to 

TABLE 6. Precipitants of Acute Decompensated Heart Failure

Ischemia
Hypertensive urgency
Rapid atrial fibrillation
Medication initiation (NSAID, TZD)
Alcohol abuse
Dietary or medication nonadherence
Active infection
Pulmonary embolism
Anemia

NSAID = nonsteroidal anti-inflammatory drug; TZD = thiazolidinedione.
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wait on the list.124 In those patients who have conditions 
that preclude transplant (recent malignancy, high antibody 
titers), LVAD should be considered as a destination ther-
apy.125 The newer generation of LVADs are smaller axial 
flow pumps that are easier to implant and carry a lower risk 
of thromboembolic and infectious complications.

HEART FAILURE WITH PRESERVED  
SYSTOLIC FUNCTION

“Diastolic” heart failure describes patients with a preserved 
LVEF, classic signs and symptoms of CHF, and invasive 
or imaging-based evidence of abnormal diastolic function. 
Diastole is composed of 2 distinct phases: an initial, en-
ergy-dependent, rapid untwisting-and-relaxing phase that 
creates a suction effect, followed by a phase of ventricular 
filling, in which elasticity and distensibility of the ventricle 
facilitate filling at low pressures. The mere presence of dia-
stolic dysfunction does not satisfy the requirements for dia-
stolic heart failure. The incidence of diastolic dysfunction 
is difficult to estimate because asymptomatic disease is 
more common than symptomatic diastolic dysfunction.126 
Diastolic heart failure is more common in women and in 
elderly persons.127 Conflicting data have been reported  re-
garding the overall prognosis for patients with diastolic 
heart failure vs those with systolic heart failure.128

 Heart failure with preserved LVEF is seen in a spectrum 
of disorders not limited solely to diastolic dysfunction, in-
cluding valvular heart disease, pericardial disease, and dis-
ease resulting in right ventricular dilatation and dysfunc-
tion. Left ventricular ejection fraction is a commonly used, 
albeit imperfect, measure of systolic function. Recent stud-
ies have identified abnormalities in torsional mechanics, 
demonstrating that diastolic heart failure is accompanied 
by abnormalities in systolic function.129 Stroke volume and 
cardiac output are often reduced despite a normal ejection 
fraction. In diastolic heart failure, the LV exhibits charac-
teristic remodeling changes: near-normal end-diastolic vol-
umes, increased wall thickness, and increased ratio of wall 
thickness to chamber diameter.
 Signs and symptoms of diastolic heart failure are iden-
tical to those of systolic heart failure. Exercise is poorly 
tolerated.130 The heart with diastolic dysfunction cannot 
relax to accommodate the increased blood flow required 
to maintain a higher cardiac output, and perfusion is main-
tained via elevations in left atrial pressures, resulting in 
symptoms of dyspnea. Atrial fibrillation is particularly 
problematic, and the combined effects of the loss of atrial 
kick and the rapid heart rates further impair diastolic fill-
ing. Plasma brain-type natriuretic peptide levels are elevat-
ed in diastolic heart failure but are not helpful in discerning 
between diastolic and systolic heart failure.131

 Identification of specific therapeutic agents has been 
disappointing. Regression of hypertrophy is often used 
as an end point in the hypertension literature. Although 
drug classes variably affect wall thickness, whether this 
surrogate end point translates to improved outcomes in 
diastolic heart failure remains unclear.132 The unimpressive 
experience with lusitropic agents, including β-blockers 
and calcium channel blockers, has challenged the notion 
that symptoms may be improved by simply enhancing LV 
compliance. Emerging data suggest that lowering blood 
pressure alleviates symptoms more effectively than ther-
apy with specific agents.133 The CHARM (Candesartan in 
Heart Failure–Assessment of Mortality And Morbidity) 
Preserved study showed a statistically significant reduction 
in hospitalizations but no difference in all-cause mortal-
ity in patients with diastolic heart failure who were treated 
with candesartan.134 The I-PRESERVE (Irbesartan in Heart 
Failure with Preserved Systolic Function) trial demonstrat-
ed no differences in meaningful end points in patients with 
diastolic heart failure treated with irbesartan.135 A subset of 
the DIG trial found no role for digoxin in the treatment of 
heart failure with preserved LVEF.136 OPTIMIZE-HF (Or-
ganized Program to Initiate Lifesaving Treatment in Hos-
pitalized Patients with Heart Failure) results showed  no 
change in outcomes in patients hospitalized with diastolic 
heart failure in whom β-blocker therapy was initiated.137

 The recently updated 2005 ACC/AHA Guidelines for 
the Diagnosis and Management of Heart Failure in Adults 
identified only 4 areas for treatment: blood pressure control, 
rate/rhythm control in underlying AF, control of pulmonary 
congestion with diuretic agents, and revascularization and 
correction of underlying ischemia when indicated.23 Identifi-
cation and appropriate treatment of sleep-disordered breath-
ing should be considered as well. Venodilators should be 
used with caution because decreases in preload may lead to 
underfilling, resulting in hypotension and syncope. 

PREDICTING PROGNOSIS 

Patients and physicians routinely overestimate survival in 
patients with heart failure. Furthermore, differences exist 
in the survival estimated by the physician, that which is 
communicated to the patient, and that which is understood 
by the patient. Moderately symptomatic patients remain at 
high risk of SCD, highlighting the disassociation between 
symptoms and prognosis.96 Several models have been de-
vised and have proven beneficial to the physician in deliv-
ering a realistic expectation of prognosis, setting treatment 
goals, and guiding the escalation of therapy.138

 The Heart Failure Survival Score, which was designed in 
ambulatory patients with heart failure and advanced symp-
toms (New York Heart Association III and IV),  incorporates 
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7 variables into a model: heart rate, serum sodium concentra-
tion, etiology, QRS duration, ejection fraction, peak exercise 
oxygen consumption, and blood pressure.139 Although this 
score performs well in the β-blocker era, it was developed 
before widespread use of aldosterone antagonists and does 
not take into account newer prognostic markers, including re-
nal function and anemia.140 A newer model, the Seattle Heart 
Failure Model,141 which incorporates a broader range of pa-
tients along with multiple clinical predictors, laboratory data, 
and medical therapy, correlates well with 1-, 2-, and 3-year 
survival, similar to the Framingham Coronary Heart Disease 
Risk Model. An advantage of the Seattle Heart Failure Model 
is the ability to help with predicting the mode of death in heart 
failure: pump failure vs SCD.142 A simpler approach evaluates 
the number of hospitalizations because an increasing number 
of hospitalizations correlates with increased mortality.143

 In patients who continue to decline despite optimal phar-
macological and device-based therapy, referral to a heart fail-
ure center is appropriate. Heart failure care can be enhanced 
through participation in a multidisciplinary clinic, with in-
creased attention to patient education and frequent nursing 
visits.144 Progression of disease is heralded by weight loss 
and medication intolerance, resulting in dose reductions, re-
current hospitalizations, and diminished functional capacity.
 Cardiopulmonary exercise testing provides an assessment 
of a patient’s global exercise capacity and is useful in risk 
stratification. Patients with a maximum oxygen consumption 

of less than 14 mL/kg per minute are considered at high risk 
of clinical worsening and should be referred for advanced 
therapy.145 Cardiac transplant has emerged as the definitive 
treatment for patients with refractory, symptomatic heart fail-
ure. In properly selected candidates, cardiac transplant can 
be expected to provide a 1-year survival in excess of 90% 
and a 10-year survival of 50%.146 The age of suitable candi-
dates continues to expand, and carefully selected candidates 
older than 65 years have a prognosis comparable to that of the 
transplant population at large.147 Candidates are selected via 
a careful multidisciplinary screening process, which involves 
surgeons, social workers, financial planners, psychiatrists, 
and transplant physicians. Patients with fixed pulmonary hy-
pertension fare poorly after transplant, and those with chronic 
disease (diabetes, connective tissue diseases, kidney disease, 
peripheral arterial disease) must be carefully assessed. The 
main obstacle to transplant remains the limited number of 
available donors. The donor pool has remained relatively 
fixed in recent years despite an increase in the number of 
candidates listed for transplant.
 In patients who are not candidates for advanced heart 
failure therapy and who have worsening symptoms despite 
maximal therapy, consideration should be given for pallia-
tion. Involvement of the family as well as a palliative care 
specialist is advisable and helpful in transitioning medical 
care toward palliation. Figure 5 summarizes a stepwise ap-
proach to heart failure care.

ACC/AHA 
class

NYHA
class

A
Risk factor reduction
Lifestyle modi�cation
? Screening

B

C

D

I

II/III

IV

ACEI/ARB
β-Blockers
Diuretic agents
ICD

Hydralazine/nitrates
ICD/CRT
Aldosterone antagonism
Digoxin

Transplant
LVAD
Palliation

Disease severity

Management strategy

FIGURE 5. Stepwise approach to heart failure care. ACC = American College of Cardiology;  
ACEI = angiotensin-converting enzyme inhibitor; AHA = American Heart Association; ARB = an-
giotensin II receptor blocker; CRT = cardiac resynchronization therapy; ICD = implantable cardio-
verter-defibrillator; LVAD = left ventricular assist device; NYHA = New York Heart Association.
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NOVEL THERAPIES

Adenosine is well known to have renal effects, causing 
constriction of the afferent arteriole, with subsequent re-
duction in renal blood flow and glomerular filtration rate as 
well as direct effects on enhancing sodium reabsorption in 
the proximal tubule of the kidney.148 In patients admitted to 
the hospital with ADHF, adenosine A

1
 receptor antagonists 

enhance the effects of loop diuretic agents and have renal 
protective effects.149 Clinical trials are under way to evaluate 
the role of A

1
 receptor antagonists in patients with ADHF.

 Anemia is associated with a poorer prognosis in patients 
with heart failure,150 and registry data have identified ane-
mia in approximately one-third of such patients.151 Small 
studies suggest a potential benefit for treatment of anemia 
in patients with heart failure, but larger randomized trials 
are necessary to determine when to initiate therapy and to 
identify the goals of treatment.152

 Abundant animal data support the membrane-stabiliz-
ing effects of  fish oils in patients with heart failure. The 
GISSI (Gruppo Italiano per lo Studio della Sopravvivenza 
nell’Infarto)-HF trial demonstrated a small but statistically 
significant reduction in mortality in patients with heart fail-
ure who received adequate background therapy and were 
randomized to treatment with fish oils.153 Given the exten-
sive pharmacotherapy already prescribed to patients with 
heart failure, concerns regarding potential polypharmacy 
and cost must be carefully weighed when prescribing ad-
ditional medications.

CONCLUSION

As the population ages and cardiovascular risk factors be-
come increasingly prevalent, health care professionals in 
multiple disciplines will encounter patients at risk of heart 
failure. Successful management of this population depends 
on risk factor reduction via lifestyle modification and ap-
plication of currently established guidelines. During the past 
generation, a combination of behavioral, pharmacological, 
device-based, and surgical treatment modalities has tremen-
dously enhanced the survival and quality of life of patients 
with heart failure. In light of the increasing prevalence of 
heart failure, continued application of these principles and 
research into novel treatment strategies remain vital.
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