and frequent dose adjustments may be necessary because of variable oral absorption and fluctuations in renal function. Importantly,
clinical trial data confirming 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.
Indeed, diuretics are essential at the outset to achieve volume control
before neurohormonal therapy is likely to be well tolerated or titrated.

INFLAMMATION
Targeting inflammatory cytokines such as tumor necrosis factor
α (TNF-α) by using anticytokine agents such as infliximab and etanercept has been unsuccessful and associated with worsening heart
failure. Nonspecific immunomodulation has been tested in the large
Advanced Chronic Heart Failure Clinical Assessment of Immune
Modulation Therapy (ACCLAIM-HF) trial of 2426 HFrEF patients
with NYHA functional class II to IV symptoms. Ex vivo exposure
of a blood sample to controlled oxidative stress initiates apoptosis of
leukocytes soon after intramuscular gluteal injection of the treated
sample. The physiologic response to apoptotic cells results in a reduction in inflammatory cytokine production and upregulation of antiinflammatory cytokines. This promising hypothesis was not proven,
although certain subgroups (those with no history of previous myocardial infarction and those with mild heart failure) showed signals
in favor of immunomodulation. Use of intravenous immunoglobulin
therapy in nonischemic etiology of heart failure has not been shown to
result in beneficial outcomes.
STATINS
Potent lipid-altering and pleiotropic effects of statins reduce major
cardiovascular events and improve survival in non–heart failure populations. Once heart failure is well established, this therapy may not be
as beneficial and theoretically could even be detrimental by depleting
ubiquinone in the electron transport chain. Two trials, Controlled
Rosuvastatin Multinational Trial in Heart Failure (CORONA) and
Gruppo Italiano per lo Studio della Sopravvivenza nell’Insufficienza
Cardiac (GISSI-HF), have tested low-dose rosuvastatin in patients
with HFrEF and demonstrated no improvement in aggregate clinical
outcomes. If statins are required to treat progressive coronary artery
disease in the background setting of heart failure, then they should be
employed. However, no rationale appears to exist for routine statin
therapy in nonischemic heart failure.
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FISH OIL
Treatment with long-chain omega-3 polyunsaturated fatty acids
(ω-3 PUFAs) has been shown to be associated with modestly improved
clinical outcomes in patients with HFrEF. This observation from
the GISSI-HF trial was extended to measurements of ω-3 PUFAs in
plasma phospholipids at baseline and after 3 months. Three-month
treatment with ω-3 PUFAs enriched circulating eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA). Low EPA levels are inversely
related to total mortality in patients with HFrEF.

Heart Failure: Management

NOVEL NEUROHORMONAL ANTAGONISM
Despite an abundance of animal and clinical data demonstrating
deleterious effects of activated neurohormonal pathways beyond the
RAAS and sympathetic nervous system, targeting such pathways with
incremental blockade has been largely unsuccessful. As an example,
the endothelin antagonist bosentan is associated with worsening
heart failure in HFrEF despite demonstrating benefits in right-sided
heart failure due to pulmonary arterial hypertension. Similarly, the
centrally acting sympatholytic agent moxonidine worsens outcomes in
left heart failure. The combined drug omapatrilat hybridizes an ACEI
with a neutral endopeptidase inhibitor, and this agent was tested in the
Omapatrilat Versus Enalapril Randomized Trial of Utility in Reducing
Events (OVERTURE) trial. This drug did not favorably influence the
primary outcome measure of the combined risk of death or hospitalization for heart failure requiring intravenous treatment. The risk of
angioedema was notably higher with omapatrilat than ACEIs alone.
LCZ696 and ARB with an endopeptidase inhibitor have shown benefit
in a large trial versus ARB alone.
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CALCIUM CHANNEL ANTAGONISTS
Amlodipine and felodipine, second-generation calcium channel–
blocking agents, safely and effectively reduce blood pressure in HFrEF
but do not affect morbidity, mortality, or quality of life. The firstgeneration agents, including verapamil and diltiazem, may exert negative inotropic effects and destabilize previously asymptomatic patients.
Their use should be discouraged.

ANTICOAGULATION AND ANTIPLATELET THERAPY
1513
HFrEF is accompanied by a hypercoagulable state and therefore a high
risk of thromboembolic events, including stroke, pulmonary embolism, and peripheral arterial embolism. Although long-term oral anticoagulation is established in certain groups, including patients with
atrial fibrillation, the data are insufficient to support the use of warfarin
in patients in normal sinus rhythm without a history of thromboembolic events or echocardiographic evidence of left ventricular thrombus. In the large Warfarin versus Aspirin in Reduced Cardiac Ejection
Fraction (WARCEF) trial, 2305 patients with HFrEF were randomly
allocated to either full-dose aspirin or international normalized ratio–
controlled warfarin with follow-up for 6 years. Among patients with
reduced LVEF who were in sinus rhythm, there was no significant
overall difference in the primary outcome between treatment with
warfarin and treatment with aspirin. A reduced risk of ischemic stroke
with warfarin was offset by an increased risk of major hemorrhage.
Aspirin blunts ACEI-mediated prostaglandin synthesis, but the clinical
importance of this finding remains unclear. Current guidelines support the use of aspirin in patients with ischemic cardiomyopathy.

MICRONUTRIENTS
A growing body of evidence suggests an association between heart
failure and micronutrient status. Reversible heart failure has been
described as a consequence of severe thiamine and selenium deficiency. Thiamine deficiency has received attention in heart failure due
to the fact that malnutrition and diuretics are prime risk factors for
thiamine loss. Small exploratory randomized studies have suggested
a benefit of supplementation of thiamine in HFrEF with evidence of
improved cardiac function. This finding is restricted to chronic heart
failure states and does not appear to be beneficial in the ADHF phenotype. Due to the preliminary nature of the evidence, no recommendations for routine supplementation or testing for thiamine deficiency
can be made.
ENHANCED EXTERNAL COUNTERPULSATION (EECP)
Peripheral lower extremity therapy using graded external pneumatic
compression at high pressure is administered in 1-hour sessions for
35 treatments (7 weeks) and has been proposed to reduce angina
symptoms and extend time to exercise-induced ischemia in patients
with coronary artery disease. The Prospective Evaluation of Enhanced
External Counterpulsation in Congestive Heart Failure (PEECH)
study assessed the benefits of enhanced external counterpulsation in
the treatment of patients with mild-to-moderate heart failure. This
randomized trial improved exercise tolerance, quality of life, and
NYHA functional classification but without an accompanying increase
in peak oxygen consumption. A placebo effect due to the nature of the
intervention simply cannot be excluded.
EXERCISE
The Heart Failure: A Controlled Trial Investigating Outcomes of
Exercise Training (HF-ACTION) study investigated short-term
(3-month) and long-term (12-month) effects of a supervised exercise
training program in patients with moderate HFrEF. Exercise was
safe, improved patients’ sense of well-being, and correlated with a
trend toward mortality reduction. Maximal changes in 6-minute walk
distance were evident at 3 months with significant improvements in
cardiopulmonary exercise time and peak oxygen consumption persisting at 12 months. Therefore, exercise training is recommended as an
adjunctive treatment in patients with heart failure.
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