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Abstract: This review will outline the management of patients with symptomatic systolic heart failure or heart failure
with reduced ejection fraction (HFrEF), i.e., those with structural heart disease and previous or current symptoms. Deter-
mination of volume status and appropriate diuretic administration is important in heart failure management. Inhibition of
the renin-angiotensin-aldosterone and sympathetic nervous systems improves survival and decreases hospitalizations in
patients with systolic or reduced ejection fraction HF (HFrEF). Beta blockers and aldosterone antagonists improve ejec-
tion fraction. Indications for additional agents including nitrates plus hydralazine, digoxin, statins, omega 3 polyunsatu-
rated fatty acids, anticoagulants, and antiarrhythmics will be discussed. Choice of agents, dose-related effects, strategies to
minimize adverse effects, and medications to avoid will be presented.
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INTRODUCTION

Stage C and D heart failure comprises patients with
known structural heart disease and current or previous symp-
toms and signs of heart failure (HF), New York Heart Asso-
ciation (NYHA) Classes II-IV. The cornerstone for pharma-
cologic management of symptomatic systolic heart failure or
heart failure with reduced ejection fraction (HFrEF) is inhi-
bition of the renin-angiotensin-aldosterone (RAAS) and
sympathetic nervous systems (SNS) (Fig. 1). Pharma-
cotherapies that have resulted in reverse cardiac remodeling
have been associated with improved outcomes in patients
with HFrEF. This review will provide a practical stepwise
approach to managing Stage C and D patients (Fig. 2).

EVALUATION OF VOLUME STATUS

After confirming the diagnosis and etiology of HF, the
first decision is to determine the volume status of the patient.

Hypervolemia or fluid overload is most often manifested
by increasing weight and dyspnea, peripheral edema, jugular
venous distension, rales, and elevated brain natriuretic pep-
tide. Chest pressure can also be a manifestation of fluid over-
load. Hepatomegaly, ascites, and anasarca may occur in
more severe cases. Management includes initiation or aug-
mentation of diuretics and salt and fluid restriction. If outpa-
tient management fails, hospitalization may be necessary.

Patients may feel as unwell from hypovolemia as they do
from volume overload. Symptoms and signs of dehydration
include decreased weight, skin turgor, and urine output;
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thirst; and orthostatic blood pressure and heart rate. An in-
crease in pulse > 20 bpm from a supine to standing position
indicates mild dehydration. A drop in systolic blood pressure
> 20 mmHg is consistent with more severe hypovolemia.
Waiting at least 3 minutes after the patient stands before re-
peating measurements ensures an accurate assessment. Heart
rate response will be blunted in patients taking beta blockers.
Patients with long-standing diabetes may exhibit autonomic
dysfunction even when euvolemic, which will manifest as a
drop in blood pressure with no change in pulse. Management
of hypovolemia includes decreasing or discontinuing diuret-
ics, liberalizing fluid restriction, and in severe cases, careful
administration of intravenous fluids. Volume status should
be assessed at each visit including symptoms and signs with
biomarker evaluation as needed. Patient education should in-
clude daily weight monitoring instructions for managing sig-
nificant changes (i.e., > 3 Ibs. in 1 day or > 5 Ibs. in 1 week).

DIURETICS, SODIUM AND FLUID RESTRICTION

Although diuretics do not improve mortality, they do
relieve symptoms in patients with volume overload. The
lowest effective dose should be used, as diuretics adversely
activate the RAAS and SNS systems. Loop diuretics (e.g.,
furosemide, bumetanide, torsemide) are the most widely
used. A common regimen is twice daily with the second dose
being administered in the afternoon to minimize nocturnal
diuresis. Bumetanide and torsemide may have improved ab-
sorption compared to furosemide. Equivalent doses are listed
in Table 1. Thiazide-like diuretics (e.g., hydrochlorothiazide,
chlorothiazide, metolazone) are weak diuretics when used
alone, although they have greater impact on blood pressure
secondary to direct vasodilating effects. With the exception of
metolazone, thiazide-like diuretics are less effective in renal
impairment, i.e., creatinine clearance (CrCl) < 30 mL/min.
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ACE-I = ACE inhibitor, ARB = angiotensin receptor blocker, ASA = aspirin, BNP = brain natriuretic peptide, CAD = coronary artery disease, CrCL = creatin-
ine clearance, DM = diabetes mellitus, EF = ejection fraction, GDT = goal-directed therapy, LV = left ventricular, MI = myocardial infarction, MRI = magnetic
resonance imaging, NYHA = New York Heart Association, PUFA = polyunsaturated fatty acid, VAD = ventricular assist device.
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Table1. Drug Therapy for HFrEF.
Diuretics Starting dose Maximum Daily Dose
Loop
Furosemide 40 mg 600 mg
Torsemide 20 mg 200 mg
Bumetanide 1 mg 10 mg
Thiazide
Hydrochlorothaizide 25 mg 200 mg
Chlorthalidone 12.5-25 mg 100 mg
Metolazone 2.5 mg once daily 20 mg
ACE-Inhibitors Starting daily dose Target (max)

Enalapril 2.5 mg twice 10 mg (20 mg) twice

Lisinopril 2.5-5mg 20 mg (40 mg)

Ramipril 1.25-2.5 mg 10 mg

Trandolapril 1 mg 4 mg

Quinapril 5 mg 80 mg

Fosinopril 5-10 mg 80 mg

Captopril 6.25 mg 3 times 50 mg 3 times

Perindopril 2 mg 8-16 mg

Angiotensin receptor blockers

Losartan 12.5-25 mg 150 mg

Valsartan 40 mg twice 160 mg twice

Candesartan 4-8 mg 32 mg

Beta blockers

Bisoprolol* 2.5mg 10 mg

Carvedilol* 3.125-6.25 mg twice 25-50 mg twice

Metoprolol succinate*® 12.5-25 mg 200 mg

Metoprolol tartrate 12.5-25 mg twice 100 mg twice

Carvedilol controlled-release (Coreg CR) 10 mg 80 mg

Aldosterone antagonists

Spironolactone GFR > 50 12.5-25 mg 25 mg (50 mg)
GFR 31-49 12.5 mg once or every other day

Eplerenone GFR > 50 25 mg 50 mg (100 mg)
GFR 31-49 25 mg every other day

Isosorbide dinitrate plus hydralazine

Without ACE-I/ARB
Isosorbide dinitrate

Hydralazine

10-20 mg 4 times
10-25 mg 4 times

40 mg 4 times

75 mg 4 times

With ACE-I/ARB
Isosorbide dinitrate

Hydralazine

10-20 mg 3 times

10-25 mg 3 times

40 mg 3 times

75 mg 3 times

Digoxin

0.125 mg

serum level < 1.0 ng/ml

*Preferred, ACE-I = angiotensin converting-enzyme inhibitor, ARB = angiotensin receptor blocker, GFR = glomerular filtration rate.
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In patients with signs of diuretic resistance (i.e., poor
diuresis despite high doses of diuretics), the addition of a
thiazide-like diuretic may provide a synergistic effect. If
used in combination with loop diuretics, thiazide-like diuret-
ics should be used in low doses and for short durations to
reduce the risk of over-diuresis and renal impairment. Add-
ing an aldosterone antagonist (e.g., spironolactone, epler-
enone) may provide additional diuretic effect. Table 1 details
diuretics and dosing.

Sodium restriction is recommended if serum concentra-
tions are < 130 mEq/L or if diuresis is difficult. Although
guideline-recommended sodium restriction is < 2-3 g/day,
many patients experience difficulty with restriction <2 g but
can be managed with a <3 g daily sodium restriction. Severe
sodium restriction during hospitalization may contribute to
readmission rates as patients resume their normal diet. If
patients are acutely decompensated or euvolemia is difficult
to maintain, a < 2 liter or 68 fl oz daily fluid restriction is
recommended.

ANGIOTENSIN CONVERTING ENZYME INHIBI-
TORS / ANGIOTENSIN RECEPTOR BLOCKERS:
INITIATE FIRST, AIM FOR TARGET DOSE

An angiotensin converting enzyme inhibitor (ACE-I) or
angiotensin receptor blocker (ARB) is generally started first
in euvolemic patients or in combination with a diuretic when
patients are hypervolemic.

ACE-Inhibitors

» Decrease mortality and hospitalizations in chronic
symptomatic HFrEF [1, 2].

» Decrease mortality including sudden death following
acute myocardial infarction (AMI) with symptomatic
HF [3].

ARBs are generally used in ACE-Inhibitor intolerant
patients and are:

» Not superior to ACE-Is in reducing mortality or HF
hospitalizations in chronic HFrEF [4-6].

» Not superior to ACE-I therapy in AMI [7, 8].

ACE-Inhibitor + ARB Combination
» No added total mortality benefit in chronic HFrEF [9,
10].
» Further decreases cardiovascular deaths and HF hos-
pitalizations in chronic HFrEF [9, 10].
» No added mortality benefit in AMI [8].

» More symptomatic hypotension and worsening renal
function in AMI [8].

» Not recommended in patients receiving aldosterone
antagonists due to increased risk of hyperkalemia.

Trial details are shown in Table 2 including the number
needed to treat (NNT). Documentation of ACE-I or ARB
administration or the reason that an ACE-I or an ARB was
not prescribed in patients hospitalized with HFrEF or sus-
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taining an AMI with reduced EF are nationally reported
quality measures.

Therapy with an ACE-I/ARB provides rapid hemody-
namic benefit and is generally well-tolerated. Start with a
low dose and titrate every 1-2 weeks (or every 1-2 days as
tolerated in hospitalized patients). Serum potassium and re-
nal function should be monitored at baseline and 1-2 weeks
after initiation of therapy. An increase in serum creatinine
(SCr) should be expected following initiation of an ACE-I or
ARB due to reductions in circulating angiotensin II, which
normally increases glomerular filtrate rate as a result of
vasoconstriction of the efferent arterioles. Although an exact
threshold for discontinuing therapy has not been established,
up to a 30% increase in SCr is generally acceptable; an in-
crease in potassium not exceeding 5.5 mEq/L is also accept-
able. If renal function significantly worsens, bilateral renal
artery stenosis should be suspected and the ACE-I/ARB dis-
continued. ACE-Is and ARBs may, and should, be initiated
in patients with chronic kidney disease, even in those with
advanced stages, as long as renal function is stable.

Side Effects

ACE-I and ARB therapy are associated with similar rates
of renal dysfunction, hyperkalemia, and hypotension, while a
lower incidence of cough and angioedema is observed
among ARBs. If patients experience cough with an ACE-I,
efforts should be made to distinguish between a true drug
effect and other potential etiologies (i.e., pulmonary disease,
worsening fluid overload). ACE-Is are contraindicated in
patients with history of angioedema and in patients with bi-
lateral renal artery stenosis. Angioedema in patients with a
history of ACE-I induced angioedema has also been reported
with ARBs. ARBs should be used with caution in this popu-
lation and patients should be educated on the risks, as angio-
edema may not occur with the first dose.

Dosing

Two trials have evaluated dose-related effects of
ACEI/ARB therapy. In the Assessment of Treatment with
Lisinopril and Survival (ATLAS) trial, higher doses of
lisinopril (32.5-35 mg/day) were associated with a signifi-
cant decrease in hospitalizations but mortality when com-
pared to lower doses (2.5-5 mg/day) [11]. Similar results
were observed in the Heart failure Endpoint evaluation of
Angiotensin II Antagonists Losartan (HEAAL) trial
among those receiving losartan 150 mg daily versus 50
mg daily [12]. Therefore, up-titration to target doses is
recommended. Table 1 lists ACE-I and ARB agents, in-
cluding initiation and target doses. Losartan appears to
have the weakest antihypertensive effect of ACE-I/ARBs.
All ACE-Is and these ARBs are generic, although no
ARB is inexpensive.

ADDITION OF BETA BLOCKERS: ADD EARLY TO
ACE-INHIBITOR/ARB, AIM FOR TARGET DOSE

» Further reduce mortality, including sudden death in
chronic HFrEF [13-16].

» Improve survival even in NYHA class IV when ad-
ministered to euvolemic HFrEF patients [17].
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Table2. Landmark Clinical Trials in HFrEF.
Drug Trial Patients NYHA LVEF Outcome NNT Follow Up
(years)
Enalapril CONSENSUS Chronic v Mortality 6 0.5
Enalapril SOLVD Chronic II-1II <40 Mortality 22 3.5
HF Hospitalization 4.5 35
Candesartan CHARM-ALlt Chronic II-1v <40 CV Death/HF Hospitalization | 14 2.8
HF Hospitalization 13 2.8
Losartan ELITE I Chronic II-1v <40 Mortality Non-inferior to captopril
Ramipril AIRE AMI HF Mortality 17 1.25
Trandolapril TRACE AMI <35 Mortality 13 2to4
Losartan OPTIMAAL AMI HF or <35 Mortality Non-inferior to captopril
Valsartan VALIANT AMI <40 Mortality Non-inferior to captopril
Bisoprolol CIBIS I Chronic 1-1v <35 Mortality 18 1.3
Hospitalization 17 1.3
HF Hospitalization 17 1.3
Metoprolol MERIT-HF Chronic II-11I <40 Mortality 26 1
Hospitalization 24 1
HF Hospitalization 21 1
Carvedilol COPERNICUS Chronic 1-1v <25 Mortality 14 0.9
Hospitalization 17 0.9
HF Hospitalization 15 0.9
Carvedilol CAPRICORN AMI <40 Mortality 33 1.3
Spironolactone RALES Chronic v <35 Mortality 9 2
HF Hospitalization 11 2
Eplerenone EMPHASIS Chronic 1I <30 CV Death/HF Hospitalization | 13 1.8
<35+ QRS Mortality 33 1.8
>130 msec HF Hospitalization 16 1.8
Eplerenone EPHESUS AMI <40 Mortality 43 1.3
HF Hospitalization 19 1.3

AMI = Acute myocardial infarction, CV = Cardiovascular, LVEF left ventricular ejection fraction, HF = Heart Failure, NYHA New York Association, NNT = number needed to

treat.

» Reduce all cause and HF hospitalizations in chronic
HFrEF [15-18].

» Increase LVEF in chronic HFrEF [19-21].

» Further reduce mortality after AMI with reduced
LVEF [22].

Beta blockers should be added early before full up-
titration of ACE-I or ARB therapy given the impressive ad-
ditional mortality and morbidity benefit. Documentation of
beta blocker administration in patients hospitalized with
HFrEF or AMI or the reason they are not prescribed are na-
tionally reported quality measures.

Patients should be hemodynamically stable and eu-
volemic (i.e., no rales and no more than minimal edema)
before initiation of a beta blocker. Because of potential nega-
tive inotropic effects, initiating doses are low. Signs and
symptoms of worsening heart failure (e.g., fatigue, fluid
overload, increased body weight) should be assessed at base-
line and 1-2 weeks after initiation. Doses are generally dou-
bled at 2-week intervals in the ambulatory setting until the
target dose is reached or the maximally tolerated dose is
achieved. Patients should be educated to contact their pro-
vider should weight gain or worsening signs or symptoms of
HF occur following initiation or up-titration of therapy. If
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these occur, the diuretic dose may be increased, or the dose
of beta blocker may be decreased temporarily, but abrupt
discontinuation should be avoided due to increased mortality
risk. If dose-titration is difficult, consider referral to a heart
failure specialist. Beta blockers may be initiated safely dur-
ing hospitalization for acute decompensation once the patient
is euvolemic [23], and should not be stopped unless patients
are in cardiogenic shock. If discontinued or reduced, beta
blockers should be restarted prior to discharge, as observa-
tional data from the Organized Program to Initiate Lifesav-
ing Treatment in Hospitalized Patients With Heart Failure
(OPTIMIZE) Registry suggest that patients discharged with-
out beta blockers have the poorest prognosis [24]. In general,
doses should be up-titrated to the previous dose as soon as
safely possible. If patients do not tolerate beta blocker ther-
apy initially or after chronic therapy, referral to a heart fail-
ure specialist is recommended.

Side Effects

Fatigue and fluid retention are the most common side
effects of beta blockers. Fatigue generally resolves after sev-
eral days, and may be minimized by lengthening the time
between dose titrations, increasing doses by smaller incre-
ments, administration of once daily drugs at night, or switch-
ing to another beta blocker. Fluid retention may be mini-
mized by ensuring patients are euvolemic at the time of ini-
tiation, instructing them to weigh daily and self-titrate their
diuretic or call their provider if weight significantly in-
creases.

Choice of Beta Blocker

Carvedilol, metoprolol succinate, and bisoprolol are sup-
ported by randomized controlled trials. [13-18, 22] and rec-
ommended by HF guidelines [25-27]. Trial details and NNT
are provided in Table 2. However, a recent meta-analysis
reported no obvious differences in morbidity and mortality
among six different beta blockers including atenolol and
nebivolol; improvements in LVEF (mean 4.1%) were also
similar [21]. Overall, beta blockers were associated with a
31% reduction in mortality in comparison with placebo or
standard treatment after a median of 12 months (odds ratio
0.69, 0.56 to 0.80).

The choice of beta blocker depends on patient-specific
characteristics. Adherence is increased by once daily dosing.
Beta blockers can be considered in patients with reactive
airway disease but should not be initiated in the setting of
active bronchospasm. Patients with reactive airway disease
tolerate the beta-1 selective agents metoprolol and bisoprolol
better than carvedilol, which is non-selective. However, beta
selectivity may be lost at higher doses. Carvedilol has a more
potent antihypertensive effect, while metoprolol succinate is
better tolerated in patients with borderline hypotension but
has more effect on heart rate. Bisoprolol appears to be the
best tolerated beta blocker.

Dosing, Heart Rate and Outcomes

Several studies have investigated the dose-related effects
of beta blockers. The Multicenter Oral Carvedilol Heart
Failure Assessment (MOCHA) trial found both a survival
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and hospitalization benefit with 6.25, 12.5, or 25 mg twice
daily of carvedilol compared to placebo. [19] Post-hoc
analyses of the Metoprolol CR/XL Randomised Intervention
Trial in-Congestive Heart Failure (MERIT-HF) (100
mg/day, 200 mg/day) and the Cardiac Insufficiency BI-
soprolol Study II (CIBIS 1II) trials (low dose:1.25, 2.5 or 3.75
mg/day, moderate dose: 5 or 7.5 mg/day and high dose: 10
mg/day) confirmed that while all doses reduced mortality
compared to placebo, hospitalizations were reduced only in
the moderate/high dose groups [28, 29].

A recent meta-analysis investigated whether the survival
benefit of beta blockers in HF was related to degree of reduc-
tion in heart rate [30]. For every 5 beats/min reduction with
beta blocker treatment, a commensurate 18% reduction (CI,
6 - 29%) in the risk for death occurred. There was no signifi-
cant relationship between all-cause mortality and dose (risk
ratio for death, 0.74 [CI, 0.64 - 0.86]) in high-dose beta
blocker trials vs. 0.78 [CI, 0.63 - 0.96] in low-dose beta
blocker trials.

Improvement in Ejection Fraction

Left ventricular ejection fraction has been reported to
increase significantly in every beta blocker trial conducted
with duration of at least 3 months. The MOCHA trial re-
ported that higher doses of carvedilol resulted in greater im-
provements in LVEF [19]. Another study enrolled 171 pa-
tients with chronic HF who were assessed before and after 9-
12 months of metoprolol tartrate or carvedilol. Patients with
a > 15 unit change in LVEF received higher doses of carve-
dilol and had a greater reduction in heart rate [20]. A recent
meta-analysis reported similar improvements in LVEF
(mean 4.1%) irrespective of the beta blocker administered
[21]. Reverse remodeling and improvement in LVEF can be
expected to take at least 3 months [31].

Guidelines recommend up-titration of beta blockers to
doses used in clinical trials [25-27]. However, if the patient
does not tolerate target doses, lower doses still confer a mor-
tality benefit. Table 1 lists beta blockers, initiation and target
doses.

Before proceeding with device therapy, patients should
be treated with ACE-I/ARB plus beta blocker therapy for at
least 3-6 months. Reassessment of LVEF should then be
performed. If LVEF remains < 35%, referral for device ther-
apy is recommended.

ADDITION OF ALDOSTERONE ANTAGONISTS TO
ACE-I/ARB PLUS BETA BLOCKER THERAPY

Aldosterone antagonists are guideline recommended
therapy in patients with a serum creatinine <2.5 mg/dL or an
estimated glomerular filtration rate >30 mL/min/1.73 m” and
a stable serum potassium <5.0 mEq/L at initiation of therapy
[25-27]. Clinical trials have shown that aldosterone antago-
nists:

» Further reduce mortality and hospitalization in
chronic HFTEF (NYHA class II-IV) [32, 33].

» Reduce heart failure readmissions in patients with
mild chronic NYHA class II HFrEF [34].
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» Further reduce total mortality, including sudden
death, and HF hospitalization in AMI and LVEF <
40% or in patients with diabetes [35].

» Further increase LVEF [36].

Reductions in mortality and hospitalizations with spi-
ronolactone were first demonstrated in patients with ad-
vanced (NYHA class III/IV) disease in the Randomized Al-
dactone Evaluation Study (RALES), while the Eplerenone in
Mild Patients Hospitalization And Survlval Study in Heart
Failure (EMPHASIS-HF) demonstrated that eplerenone im-
proved these same endpoints as well as readmission for HF
among less symptomatic patients (NYHA class II with
LVEF < 30% or LVEF < 35% plus QRS duration > 130
msec) who were already receiving ACE-Inhibitor/ARB plus
beta blocker therapy [32-34] . A recent meta-analysis of
1,575 patients enrolled in fourteen studies reported a
weighted mean improvement in LVEF of 3.2% and a signifi-
cant improvement in NYHA class among subjects treated
with aldosterone antagonists (p<0.001) [36]. These im-
provements were independent of baseline LVEF or NYHA
class.

Aldosterone antagonists are usually started at the
doses studied in clinical trials although lower doses may
be considered in patients with renal impairment (Table 2).
While these agents at low doses have a relatively weak
antihypertensive and diuretic effect, higher doses may
result in additional blood pressure control and diuresis.
Initiation should be avoided in hypovolemic patients. Po-
tassium and serum creatinine should be monitored at
baseline, within 1 week, at 1 month and then every 3
months depending on renal function. Potassium levels
increase with the administration of aldosterone antago-
nists and should not exceed 5.5 mEq/L. Patients experi-
encing hyperkalemia should have dietary potassium intake
evaluated, including the use of potassium sparing salt
substitutes. Patients experiencing dehydration should be
evaluated immediately given the risk of subsequent renal
impairment and hyperkalemia.

Both spironolactone and eplerenone are generic although
the latter is not inexpensive. Eplerenone has less androgenic
activity, thus minimal incidence of gynecomastia. Initiating
and target doses are in listed Table 1.

NITRATES PLUS HYDRALAZINE

Nitrates reduce preload and afterload, inhibit remodel-
ing, and have anti-ischemic effects. Hydralazine reduces
afterload, exhibits antioxidant effects, and prevents nitrate
tolerance so that a nitrate-free interval is not necessary
when the two are used in combination. Hydralazine plus
nitrate therapy improves survival, reduces hospitalizations,
and improves symptoms in NYHA class III-IV African
American patients already receiving ACE-Inhibitor/ARB
and beta blocker therapy [37]. Guidelines recommend this
combination as standard therapy in HFrEF among African
Americans with NYHA class II-IV HF, as an alternative in
non-African Americans (particularly those intolerant to
beta blockers), and as an alternative in ACE-Inhibitor/ARB
intolerant patients (i.e., hyperkalemia, acute kidney injury,
allergies) [25-27].
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Therapy with nitrates/hydralazine should be started at
low doses (12.5-25 mg hydralazine and 10-20 mg isosorbide
dinitrate three times daily) and titrated every 1-2 weeks (or
every 1-2 days as tolerated in hospitalized patients). Higher
doses may be initiated (e.g. 37.5 mg hydralazine and 20 mg
isosorbide in normo- or hypertensive patients. Patients with
low blood pressure at baseline derive similar benefit as nor-
motensive patients. Dizziness and headache are common but
tend to improve over time. Similar to ACE-I or ARB ther-
apy, the risk of first-dose hypotension is greatest in patients
who are hypovolemic. Initiating and target doses are in listed
Table 1.

DIGOXIN

The administration of digoxin reduces hospitalization but
does not improve survival in patients with HFrEF [38]. In
fact, serum concentrations of > 1.2 are associated with in-
creased mortality, especially among women [39]. Digoxin
should be added only after maximally-tolerated doses of a
beta blocker. Serum digoxin concentrations should be evalu-
ated at steady state (usually 5-7 days of therapy, longer in
renal impairment) and should ideally remain between 0.5 —
0.8 ng/mL (< 1 ng/mL). Serum concentrations should be
obtained no earlier than 6 hours after the dose. Because
benefits occur at lower serum concentrations, low mainte-
nance doses (i.e. 125 mcg per day or every other day) are
typically used. In patients with renal impairment, digoxin
may be given as half doses or several days per week (i.e.,
Mondays, Wednesdays, and Fridays). Doses should be de-
creased when patients are also taking amiodarone. Addi-
tional drug-drug interactions exist.

ADDITIONAL MEDICATIONS

Aspirin and statins are recommended in patients with
ischemic etiology.

Omega 3 polyunsaturated fatty acids (PUFAs) (1 g daily)
added to optimal medical therapy reduced total mortality by
9% in the Gruppo Italiano per lo Studio della Sopravvivenza
nell’Infarto miocardico- Heart Failure (GISSI-HF) trial [40].
An echocardiographic substudy also found a small but signifi-
cant improvement in LVEF [41]. A small randomized trial of
133 patients with nonischemic cardiomyopathy randomized to
2 g daily of PUFAs demonstrated an improved LVEF, exer-
cise tolerance, and symptoms [42].

Antiarrhythmics

Amiodarone is the most effective agent for maintaining
normal sinus rhythm without increasing mortality in patients
with atrial fibrillation and HF [43, 44]. Amiodarone is also
the drug of choice for ventricular arrhythmias in most HF
patients [44, 45]. Due to potential toxicities, thyroid, liver,
and pulmonary function should be evaluated at baseline and
periodically; baseline vision and dermatologic exams are
also recommended. Dofetilide is an effective alternative for
the maintenance of normal sinus rhythm in patients with
atrial fibrillation [46]. Given the risk of torsade de pointes
associated with its use, patients must be hospitalized for
monitoring (i.e., QTc interval, renal function, electrolytes)
during initiation. Mexiletine may be required as adjunct
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therapy for the short-term management of refractory ven-
tricular arrhythmias, but long-term use should be avoided.

Anticoagulants

Until recently, vitamin K antagonists (VKA) (i.e., war-
farin) have been the mainstay of anticoagulation therapy in
HF patients. Vitamin K antagonists are characterized by
wide inter-patient variability, a feature that can be further
complicated in patients with advanced HF as a result of
changes in end-organ perfusion, absorption, metabolic func-
tion, dietary and drug interactions, and other factors. Newer
oral anticoagulants have not been studied exclusively in pa-
tients with HF, although significant percentages have been
enrolled in trials comparing them to warfarin — approxi-
mately 35%, 32%, and 62% of patients enrolled in trials of
apixaban, dabigatran, and rivaroxaban, respectively [47-49].
In comparison to warfarin, apixaban and dabigatran were
demonstrated as being superior for preventing stroke or sys-
temic embolism while rivaroxaban was non-inferior. In
terms of bleeding, apixaban was shown to be safer than war-
farin while dabigatran and rivaroxaban were equally as safe;
all three had a lower incidence of intracranial bleeding com-
pared to warfarin. Dabigatran is heavily dependent on renal
function for systemic clearance while rivaroxaban and apix-
aban primarily undergo hepatic metabolism with some renal
clearance. Selection of an appropriate anticoagulant in pa-
tients with HF is patient-specific, taking into consideration
both clinical and socioeconomic factors. Based on the neu-
tral results of two trials [50, 51], oral anticoagulation is not
routinely recommended for patients with HFrEF who remain
in normal sinus rhythm.

MEDICATIONS TO AVOID OR USE WITH CAUTION

Verapamil and diltiazem are contraindicated in patients
with HFTEF because of their negative effect on contractility.
The newer generation agents, felodipine and amlodipine, do
not exhibit negative inotropy, have no effect on mortality in
HFrEF [52, 53], and can be used in patients with angina or
refractory hypertension after dose optimization of guideline
recommended HF therapies.

With the exception of amiodarone and dofetilide, most
Vaughn-William Class I and Class III antiarrhythmic drugs
should be avoided. Dronedarone, a congener of amiodarone
increases mortality in patients with HFrEF [54], and was
recently shown to worsen cardiovascular outcomes in pa-
tients with preserved ejection fraction [55].

Medications associated with QT prolongation or other
proarrhythmic effects should be avoided in advanced disease
or in those with known conduction abnormalities. Prolonga-
tion of the QT interval has been observed with many com-
mon medications, including antibiotics (e.g., macrolides,
fluoroquinolones), antidepressants (e.g., tricyclic antidepres-
sants, certain selective serotonin reuptake inhibitors), antie-
metics (e.g., promethazine, prochlorperazine, ondansetron),
antifungals (e.g., ketoconazole, voriconazole), and antipsy-
chotics (e.g., haloperidol, quetiapine, risperiodone).

Non-steroidal anti-inflammatory drugs (NSAIDs) should
be avoided given the risk of increased sodium and fluid re-
tention and systemic vascular resistance. All NSAIDs, in-
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cluding COX-2 selective inhibitors also increase the risk of
cardiovascular events, so they should be avoided in patients
with ischemic disease. When used at higher doses (i.e., 650
mg), aspirin has clinical effects similar to traditional
NSAIDs.

Corticosteroids increase sodium and fluid retention and
should only be used when reasonable alternatives do not
exist. If required, corticosteroids should be administered at
the lowest doses for the shortest duration possible.

Thiazolidinediones (ie., pioglitazone) should be avoided
based on evidence indicating that these agents increase
weight gain and may exacerbate heart failure symptoms.

Phosphodiesterase-5 (PDE-5) inhibitors (sildenafil, tada-
lafil, vardenafil) should be avoided in patients receiving ni-
trates (including long-acting forms such as isosorbide dini-
trate) but are being studied in ongoing trials in patients not
receiving nitrates. TNF-alpha inhibitors (e.g., infliximab)
should be avoided. Amphetamines and other stimulants
should also be avoided, as they have been associated with an
increased risk of cardiovascular events.

EXERCISE

Exercise is safe in patients with chronic HFrEF and
should be encouraged. However, a mortality or morbidity
benefit has not been demonstrated [55, 56].

CONCLUSIONS
1. Initiate ACE-I £ diuretic therapy.

2. Add beta blocker early to ACE-I/ARB and diuretic
therapy, then alternate up-titration to target doses.

3. If uptitration is difficult, refer to a heart failure special-
ist.

4. Add aldosterone antagonists and nitrates/hydralazine in
appropriate patients.

5. Reassess LVEF after a minimum of 3-6 months on
guideline directed medical therapy before proceeding
with device therapy, as LVEF may have improved.

6. If patients remain symptomatic, consider additional
therapies: digoxin, omega 3 polyunsaturated fatty ac-
ids.

7. Ischemic patients should receive aspirin and statin
therapy.
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