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Section 7: Heart Failure in Patients With Reduced
Ejection Fraction

Overview

There are 3 primary issues that must be considered when
treating heart failure (HF) patients with reduced left ven-
tricular ejection fraction (LVEF): (1) improving symptoms
and quality of life, (2) slowing the progression or reversing
cardiac and peripheral dysfunction, and (3) reducing mor-
tality. General measures, such as salt restriction, weight
loss, lipid control, and other nonpharmacologic measures
are addressed in Section 6. Pharmacologic approaches to
symptom control, including diuretics, vasodilators, intrave-
nous inotropic drugs, anticoagulants, and antiplatelet agents
are discussed at the end of this section.

Two classes of agents have become the recommended
cornerstone of therapy to delay or halt progression of car-
diac dysfunction and improve mortality: angiotensin-
converting enzyme (ACE) inhibitors and beta blockers.
Even while these agents are underused in the treatment of
HF, new classes of agents have been added that show an im-
pact on mortality, complicating decisions about optimal
pharmacologic therapy. These include angiotensin receptor
blockers (ARBs), aldosterone antagonists, and the combi-
nation of hydralazine and an oral nitrate, all of which are
considered in the following recommendations.

ACE Inhibitors

Recommendation

7.1 ACE inhibitors are recommended for routine ad-
ministration to symptomatic and asymptomatic pa-
tients with LVEF # 40%. (Strength of Evidence 5 A)

ACE inhibitors should be titrated to doses used in
clinical trials, as tolerated during concomitant up-
titration of beta blockers. (Strength of Evidence 5 C).

Background

There is compelling evidence that ACE inhibitors should
be used to inhibit the renin-angiotensin-aldosterone system
(RAAS) in all HF patients with reduced LVEF, whether or
not they are symptomatic (Table 7.1). A number of large
clinical trials have demonstrated improvement in morbidity
and mortality in HF patients with reduced LVEF, both
chronically and post-myocardial infarction (MI).1e3 The
mortality benefit is strongest across New York Heart Asso-
ciation (NYHA) class II-IV HF, but appears present in pa-
tients who are NYHA class I as well.4

The major side effects of ACE inhibitors in patients with
HF are hypotension and azotemia. Both are usually well
tolerated and do not indicate the need to lower the dose
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or discontinue the ACE inhibitor. The azotemia commonly
is related to a relative volume-depleted state caused by di-
uretic therapy and may be improved by a reduction in di-
uretic dose. Moderate renal insufficiency should not be
considered a contraindication to the use of ACE-
inhibitors, although careful attention to serum potassium
and creatinine levels is imperative.5 The major symptom-
atic side effect is a dry cough that usually does not require
discontinuation of the drug. Care should be taken to distin-
guish between a cough that is ACE inhibitor-related and
one that is due to worsening pulmonary congestion. If the
cough impairs the patient’s quality of life, alternative ther-
apy, such as an ARB, is recommended.6

Recommendations

7.2 It is recommended that other therapy be
substituted for ACE inhibitors in the following cir-
cumstances:

� In patients who cannot tolerate ACE inhibitors

due to cough, ARBs are recommended.
(Strength of Evidence 5 A)

� The combination of hydralazine and an oral ni-
trate may be considered in such patients not toler-
ating ARB therapy. (Strength of Evidence 5 C)

� Patients intolerant to ACE inhibitors from hy-
perkalemia or renal insufficiency are likely to
experience the same side effects with ARBs. In
these cases, the combination of hydralazine
and an oral nitrate should be considered.
(Strength of Evidence 5 C)
7.3 ARBs are recommended for routine administration
to symptomatic and asymptomatic patients with an
LVEF # 40% who are intolerant to ACE inhibitors
for reasons other than hyperkalemia or renal insuf-
ficiency. (Strength of Evidence 5 A)

7.4 ARBs should be considered in patients experienc-
ing angioedema while on ACE inhibitors based on
their underlying risk and with recognition that an-
gioedema has been reported infrequently with
ARBs. (Strength of Evidence 5 B)

The combination of hydralazine and oral nitrates
may be considered in this setting in patients who do
not tolerate ARB therapy. (Strength of Evidence = C)

Background

Both ACE inhibitors and ARBs inhibit the RAAS, but by
different mechanisms. ACE inhibitors block an enzyme re-
sponsible for converting angiotensin I to angiotensin II and
for degrading various kinins. However, during chronic ther-
apy, angiotensin II levels are not completely suppressed by
ACE inhibitors for at least 2 reasons. Instituting an ACE in-
hibitor increases renin levels, resulting in higher levels of an-
giotensin I, which will tend by mass action to produce greater
angiotensin II levels. Production of angiotensin II may also
occur through non-ACE enzyme systems not blocked by



Table 7.1. ACE-inhibitor, Angiotensin Receptor Blocker, and Beta-Blocker Therapy in HF with Low LVEF

Generic Name Trade Name Initial Daily Dose Target Dose
Mean Dose Achieved in

Clinical Trials

ACE-inhibitors
Captopril Capoten 6.25 mg tid 50 mg tid 122.7 mg/day171

Enalapril Vasotec 2.5 mg bid 10 mg bid 16.6 mg/day3

Fosinopril Monopril 5-10 mg qd 80 mg qd n/a
Lisinopril Zestril, Prinivil 2.5-5 mg qd 20 mg qd *4.5 mg/day (low dose

ATLAS)
33.2 mg/day (high dose
ATLAS)172

Quinapril Accupril 5 mg bid 80 mg qd n/a
Ramipril Altace 1.25-2.5 mg qd 10 mg qd n/a
Trandolapril Mavik 1 mg qd 4 mg qd n/a
Angiotensin Receptor Blockers
Candesartan Atacand 4-8 mg qd 32 mg qd 24 mg/day173

Losartan Cozaar 12.5-25 mg qd 150 mg qd 129 mg/day174

Valsartan Diovan 40 mg bid 160 mg bid 254 mg/day15

Beta-blockers
Bisoprolol Zebeta 1.25 mg qd 10 mg qd 8.6 mg/day24

Carvedilol Coreg 3.125 mg bid 25 mg bid 37 mg/day43

Carvedilol Coreg CR 10 mg qd 80 mg qd
Metoprolol succinate CR/XL Toprol XL 12.5-25 mg qd 200 mg qd 159 mg/day25

Aldosterone Antagonists
Spironolactone Aldactone 12.5 to 25 mg qd 25 mg qd 26 mg/day68

Eplerenone Inspra 25 mg qd 50 mg qd 42.6 mg/day69

Other Vasodilators
Fixed dose Hydralazine/

Isosorbide dinitrate
BiDil 37.5 mg hydralazine/20 mg

isosorbide dinitrate tid
75 mg hydralazine/40 mg

isosorbide dinitrate tid
142.5 mg hydralazine/76 mg

isosorbide dinitrate/day81

Hydralazine Apresoline 37.5 mg qid 75 mg qid 270 mg/day79

Isosorbide dinitrate Isordil 20 mg qid 40 mg qid 136 mg/day79

*No difference in mortality between high and low dose groups, but 12% lower risk of death or hospitalization in high dose group vs. low dose group.
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inhibitors of this enzyme.7,8 Thus, despite treatment with
ACE inhibitors in patients with chronic HF, angiotensin II
levels may remain elevated and increase over time.9,10

ARBs block the effects of angiotensin II on the ATI recep-
tor, independent of the source of angiotensin II production.
Coupled with angiotensin II ‘‘escape,’’ this led to the hypoth-
esis that ARBs might be superior to ACE inhibitors in HF and
that the addition of ARBs to ACE inhibitors in patients with
chronic HF might provide additional blockade of the RAAS
and greater therapeutic benefit. ACE inhibitors reduce the deg-
radation of kinins, which may lead to important therapeutic
benefits not provided by ARBs, making the potential combina-
tion of the two agents more attractive.11,12 Recommendations
7.13, 7.21, and 7.22 and the accompanying background dis-
cusses combination ACE-inhibitor and ARB therapy.

ACE inhibitors can have some troublesome side effects, in-
cluding cough and angioedema, which may limit therapy with
these agents. ARBs have been demonstrated to be well toler-
ated in randomized trials of patients judged to be intolerant of
ACE inhibitors.13,14 Both drugs have similar effects on blood
pressure, renal function, and potassium.13 The Candesartan in
Heart Failure: Assessment of Reduction in Mortality and
Morbidity (CHARM) Alternative trial prospectively tested
the effect of an ARB in an ACE inhibitor intolerant population
of patients with chronic HF and an LVEF !40%. The addi-
tion of candesartan in these patients resulted in a reduction
in the composite endpoint of cardiovascular death or hospital
admission for HF from 40% in the control group to 33% in the
candesartan group over a mean follow-up of 34 months with
a trend toward decreased all-cause mortality.13 Post-hoc sub-
group analysis of a small number of patients in the Valsartan
in Heart Failure Trial (Val-HeFT) also found that patients in-
tolerant to ACE inhibitors had fewer HF hospitalizations and
a trend toward improved mortality with the addition of val-
sartan.15 These data suggest that an ARB should be used in
ACE inhibitor intolerant patients with chronic HF and LVEF
!40%. ARBs should be titrated as tolerated, in conjunction
with beta blocker therapy, to target doses used in clinical tri-
als (Table 7.1). ARBs should be considered instead of ACE
inhibitors primarily in patients who are intolerant of ACE in-
hibitors because of intractable cough or angioedema. ARBs
appear as likely as ACE inhibitors to produce hypotension,
worsening renal function, and hyperkalemia. See back-
ground to Recommendations 7.19e7.20 for information
about isosorbide dinitrate/hydralazine as an alternative to
ACE-inhibitor therapy in intolerant patients.

Angioedema and ARBs. Nearly three-quarters of patients
in CHARM-Alternative were intolerant to ACE inhibitors pri-
marily because of cough, but intolerance was also reported in
13% from symptomatic hypotension, 12% from renal dys-
function, and 4% from angioedema/anaphylaxis.13 In that
study, 3 patients taking candesartan and none taking placebo
had angioedema. None of the episodes were life-threatening
and only 1 of the 3 patients discontinued candesartan. The 3
cases of angioedema all occurred in the 39 patients intolerant
to ACE inhibitors because of angioedema. Thus, the risk of re-
current angioedema with ARBs in patients with angioedema
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from ACE inhibition appears to be acceptable, assuming care-
ful instructions and patient monitoring.

Recommendation

7.5 Individual ARBs may be considered as initial ther-
apy rather than ACE inhibitors for patients with
the following conditions:

� HF Post-MI (Strength of Evidence 5 A)
� Chronic HF and reduced LVEF (Strength of Ev-

idence 5 B)
Background

Support for the use of the ARB, valsartan, in patients post-
MI is provided by The Valsartan in Acute Myocardial Infarc-
tion Trial (VALIANT), which randomized 14,703 patients 0.5
to 10 days post-MI to valsartan, valsartan plus captopril, or
captopril alone. Patients enrolled had clinical or radiologic
signs of HF, evidence of reduced LVEF, or both.16 The primary
end point was all-cause mortality. Therewere no statistical dif-
ferences among the 3 groups at a mean follow-up of 24.7
months. With monotherapy, hypotension and renal dysfunc-
tion were more common in the valsartan group, and cough,
rash, and taste disturbance were more common in the captopril
group. The authors concluded that monotherapy with valsar-
tan was equivalent to monotherapy with captopril. The Opti-
mal Trial in Myocardial Infarction with the Angiotensin II
Antagonist Losartan (OPTIMAAL) study randomized 5477
patient with HF or reduced LVEF post-MI to captopril or los-
artan.17 The primary endpoint was all-cause mortality. There
were 946 deaths during a mean follow-up of 2.7 years: 499
(18%) in the losartan group and 447 (16%) in the captopril
group (relative risk 1.13 [95% CI 0.99e1.28], P 5 .07).
Thus valsartan appears equivalent to captopril in patients
with HF or reduced LVEF post-MI, but the data do not clearly
support equivalence of losartan to captopril in these patients.

In patients with chronic HF and reduced LVEF, 2 reviews
have addressed the equivalence of ARBs and ACE inhibi-
tors.18,19 One meta-analysis concluded that ARBs should
be considered ‘‘suitable alternatives’’ to ACE inhibitors.
The Centers for Medicare and Medicaid Services has
used this review to consider both ARBs and ACE inhibitors
as acceptable to satisfy performance standards in patients
with HF.20 A second review suggested that ACE-
inhibitors remain first line therapy, whereas ARBs were
recommended for ACE-intolerant patients.18

Beta Adrenergic Receptor Blockers (Table 7.1)

Recommendation

7.6 Beta blockers shown to be effective in clinical trials
of patients with HF are recommended for patients
with an LVEF # 40%. (Strength of Evidence 5 A)

Background

Beta blocker therapy, advocated for HF by some inves-
tigators since the 1970s,21 remains a major advance in the
treatment of patients with HF and reduced LVEF. Several
large-scale clinical trials, involving more than 10,000 pa-
tients, have provided unequivocal evidence of important
reductions in both mortality and morbidity.22e28 The
marked beneficial effects of beta blockade has been
well demonstrated in large-scale clinical trials of symp-
tomatic patients with NYHA class II-IV HF and reduced
LVEF using carvedilol, bisoprolol, and metoprolol con-
trolled release/extended release (CR/XL) (Table 7.1).
24e28 These trials added beta blockade to background
therapy that included ACE inhibitors and diuretics in
more than 90% of patients. The trial results support ben-
efit from both beta1 selective and nonselective beta
blockers, whether ancillary properties are present or not.
Beta blocking agents with intrinsic sympathomimetic ac-
tivity are likely to worsen survival and should be avoided
in patients with HF.29 The beta blockers that have been
shown to be effective in clinical trials and their corre-
sponding doses are shown in Table 7.1. Whenever possi-
ble, beta blockers proven to be efficacious in clinical
trials should be used. A general summary of recommen-
dations for the successful administration of beta blockers
are provided in Table 7.2.

Nebivolol is a beta1 selective beta blocker that is cur-
rently only approved for the treatment of hypertension in
the United States (U.S.), but it does not have a Food and
Drug Administration (FDA) approved indication for HF.
Outcomes with nebivolol have recently been reported in
the Study of the Effects of Nebivolol Intervention on Out-
comes and Rehospitalization in Seniors with Heart Failure
(SENIORS) trial. The study was a randomized trial in 2128
patients $70 years with a history of HF (a hospitalization
for HF in the last year or an LVEF #35%). The primary
endpoint of all-cause mortality or cardiovascular hospitali-
zations was reduced with nebivolol from 35.3% to 31.1%
(HR 0.86, 95% CI 0.74e0.99, p 5 0.039).28 In contrast
to other beta blocker trials, nebivolol did not significantly
reduce all-cause mortality (HR 0.88, 95% CI 0.71e1.08,
P50.21). 28

The randomized controlled trials of beta blockers were
conducted in addition to ACE-inhibitor therapy. Thus,
ACE-inhibitors have generally been initiated first, followed
by beta-blockade. The Cardiac Insufficiency Bisoprolol
Study III (CIBIS III) trial evaluated the effect of either bi-
soprolol or enalapril monotherapy for 6 months, followed
by combination therapy on mortality and hospitalization.30

The findings of this study suggested that the safety and ef-
ficacy of either approach (beta blocker initiation first or
ACE-inhibitor initiation first) was similar.30
Recommendation

7.7 The combination of a beta blocker and an ACE in-
hibitor is recommended as routine therapy for
asymptomatic patients with a LVEF # 40%

� Post-MI (Strength of Evidence 5 B)
� Non Post-MI (Strength of Evidence 5 C)



Table 7.2. Summary of Recommendations for the
Administration of Beta Blocker Therapy

General � Initiate at low doses
� Uptitrate gradually, generally

no sooner than at 2-week in-
tervals
� Use target doses shown to be

effective in clinical trials
� Aim to achieve target dose in

8-12 weeks
�Maintain at maximum tolerated

dose
Considerations if symptoms

worsen or other side effects
appear

� Adjust dose of diuretic or other
concomitant vasoactive medi-
cation
� Continue titration to target

dose after symptoms return to
baseline
� Considerations if uptitration

continues to be difficult
B Prolong titration interval
B Reduce target dose
B Consider referral to a HF

specialist
If an acute exacerbation of

chronic HF occurs
� Maintain therapy if possible
� Reduce dosage if necessary
� Avoid abrupt discontinuation
� If discontinued or reduced, re-

instate gradually before dis-
charge

See Recommendations 7.10e7.11 and accompanying text for specific
recommendations
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Background

Randomized controlled data support the efficacy of ACE
inhibitors in reducing both the likelihood of developing HF
and the need for treatment or hospitalization in asymptomatic
patients with an LVEF #35%.31 Similar data are not available
to support the use of beta blocker therapy in asymptomatic pa-
tients with reduced LVEF. Nevertheless, a number of argu-
ments support the routine use of beta blockade in these
patients. Guidance is provided by studies indicating the effec-
tiveness of beta blocker therapy in patients following MI with
good symptomatic and functional recovery, yet reduced
LVEF. 31e33 These studies enrolled a number of patients with-
out clinical HF. The Carvedilol Post-Infarct Survival Control
in LV Dysfunction (CAPRICORN) study demonstrated a re-
duction in all cause mortality, cardiovascular mortality, and
recurrent non-fatal MI for patients with post-MI reduced
LVEF randomized to carvedilol.34 Multiple studies suggest
myocardial remodeling following beta blocker therapy in
patients with symptomatic HF as well.35e38

Recommendation

7.8 Beta blocker therapy is recommended for patients
with a recent decompensation of HF after optimiza-
tion of volume status and successful discontinua-
tion of intravenous diuretics and vasoactive
agents, including inotropic support. Whenever pos-
sible, beta blocker therapy should be initiated in
the hospital setting at a low dose prior to discharge
in stable patients. (Strength of Evidence 5 B)
Background

Ongoing clinical experience and current trial data indi-
cate that beginning beta blockade at low dose in the hospital
is possible in patients with improved congestion and other
symptoms.39,40 Initiation of therapies in hospital is known
to result in better utilization and the attainment of more op-
timal doses of a variety of cardiovascular drugs.41,42

Beta blocker therapy should not be initiated in patients
with acute decompensated heart failure (ADHF) with persis-
tent symptoms and congestion. However, many patients hos-
pitalized for HF are NYHA functional class IV from volume
overload, and will improve sufficiently with standard therapy
to allow introduction of beta blockade. The Carvedilol Pro-
spective Randomized Cumulative Survival Study (COPER-
NICUS) provides strong evidence in a prospective,
randomized trial that patients with advanced HF, treated ag-
gressively to reduce congestion and improve symptoms, ben-
efit substantially from the introduction of beta blockade.43
Recommendations

7.9 Beta blocker therapy is recommended in the great
majority of patients with HF and reduced LVEF,
even if there is concomitant diabetes, chronic ob-
structive lung disease, or peripheral vascular dis-
ease. Beta blocker therapy should be used with
caution in patients with diabetes with recurrent hy-
poglycemia, with asthma, or with resting limb ische-
mia. Considerable caution should be used if beta
blockers are initiated in patients with marked bra-
dycardia (!55 beats/min) or marked hypotension
(systolic blood pressure !80 mm Hg). Beta blockers
are not recommended in patients with asthma with
active bronchospasm. (Strength of Evidence 5 C)

7.10 It is recommended that beta blockade be initiated
at low doses and uptitrated gradually, typically at
2-week intervals in patients with reduced LVEF,
and after 3-10 day intervals in patients with re-
duced LVEF following newly diagnosed MI.
(Strength of Evidence 5 B)

7.11 It is recommended that beta blocker therapy be
continued in most patients experiencing a symp-
tomatic exacerbation of HF during chronic mainte-
nance treatment, unless they develop cardiogenic
shock, refractory volume overload, or symptomatic
bradycardia (Strength of Evidence 5 C)

A temporary reduction of dose (generally by one-
half) in this setting may be considered. Abrupt
discontinuation in patients with symptomatic exac-
erbation should be avoided, unless the situation
is life-threatening. (Strength of Evidence 5 C)

If discontinued or reduced, beta blockers should
be reinstated before the patient is discharged. In
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general, doses should be uptitrated to the previous
well-tolerated dose as soon as safely possible
(Strength of Evidence 5B)

Background

The beta blockers studied in clinical trials are now estab-
lished as routine therapy in patients with reduced LVEF.
This therapy is well tolerated by a large majority of patients
with HF, even those with comorbid conditions like diabetes
mellitus,44,45 chronic obstructive lung disease46 and periph-
eral vascular disease.47

Clinical trials of beta blockers in HF have been con-
ducted by uptitrating beta blockers to a maximum tolerated
dose rather than titrating to a reduction in heart rate. Recent
meta-analyses of previous trials suggest that the magnitude
of benefit of beta blockers may be related to the reduction
in heart rate rather than the dose of beta blocker.48e51 How-
ever, until further data are available the current recommen-
dation to uptitrate to doses of beta blockers used in
randomized clinical trials will remain unchanged. In trials
of chronic HF with reduced LVEF, beta blockers were ini-
tiated at low doses and uptitrated gradually, typically at 2-
week intervals.24e27 In patients with reduced LVEF follow-
ing newly diagnosed MI, beta blockers were initiated at low
disease and uptitrated after 3e10 day intervals.34 Doses
found to be effective in HF trials are generally achieved
in 8 to 12 weeks. Patients developing worsening HF symp-
toms or other side effects during titration may require a dos-
age adjustment of diuretic or concomitant vasoactive
medications. If side effects resolve with medication adjust-
ment, patients can subsequently be titrated to target or max-
imally tolerated doses. Some patients may require a more
prolonged interval during uptitration, a temporary reduc-
tion in beta blocker dose, or, in rare cases, withdrawal of
therapy. If switching from a non-evidence based beta
blocker to an evidence-based beta blocker, wait 24 hours
from the last dose of a once-daily agent or wait 12 hours
from the last dose of a twice-daily agent before beginning
an evidence-based beta blocker.52 The dose of the
evidence-based beta blocker should be the equivalent of
one-half the non evidence-based dose for most patients,
although lower initial doses may be clinically appropriate
for some patients; then uptitrate to target dose at 2-week
intervals.52

Clinical deterioration during stable maintenance therapy
with beta blockers rarely is related to administration of
these agents. Nonadherence to medications, progression
of underlying LV dysfunction and the adverse influence
of a number of comorbid factors, including the occurrence
of ischemia, hemodynamic instability from arrhythmia,
and pulmonary complications such as pneumonia, are
much more likely to be responsible for clinical deteriora-
tion. The best course is to use standard therapy to relieve
congestion and treat exacerbating factors, rather than re-
duce or discontinue beta blockade. A retrospective review
of patients enrolled in the Outcomes of a Prospective Trial
of Intravenous Milrinone for Exacerbations of Chronic
Heart Failure (OPTIME-CHF) trial of patients hospitalized
with ADHF, found that continuation of beta blockade did
not interfere with symptomatic improvement during ad-
mission,53 supporting the continuation of beta blockade
in patients hospitalized with an episode of decompensa-
tion. This same observation was made in the Evaluation
Study of Congestive Heart Failure and Pulmonary Artery
Catheterization Effectiveness (ESCAPE) trial.54 In the
Carvedilol or Metoprolol European Trial (COMET), pa-
tients whose beta blocker was discontinued or the dose re-
duced during a HF hospitalization had a higher mortality
at 1 and 2 years as compared to patients whose therapy
was continued.55 Data from the Organized Program to Ini-
tiate Lifesaving Treatment in Hospitalized Patients with
Heart Failure (OPTIMIZE-HF) registry also demonstrated
an association between lower post-discharge mortality risk
and continuation of beta blocker therapy during a HF hos-
pitalization, even after adjustment for other prognostic
factors.56

The Beta-blocker Continuation Versus Interruption in Pa-
tients with Congestive Heart Failure Hospitalized for a De-
compensation Episode (B-CONVINCED) study was
a randomized, controlled, open label trial of beta-blockade
continuation versus discontinuation in 169 patients with
acutely decompensated HF and LVEF !40%.57 There was
no difference between groups in general well-being or dysp-
nea at either day 3 or day 8 after randomization. Length of
hospital stay was not different between groups, and there
was no difference in in-hospital mortality or death or rehospi-
talization at 3 months. The proportion of patients receiving
beta blockade at 3 months was higher for patients who
were maintained on beta blockade during the hospitalization
(90% vs. 76%, P50.04).57

Abrupt withdrawal of beta blockade should be avoided,
especially in patients with coronary artery disease. Studies
of the withdrawal of beta blockade in patients with reduced
LVEF, but improved and stable clinical HF, have revealed
a substantial risk of worsening HF and early death after
beta blocker discontinuation.58,59

In certain patients, frequent return visits for dose titra-
tion may be difficult to accommodate in a busy clinical
practice. Trained personnel, including nurse practitioners,
physician assistants, and pharmacists, with physician su-
pervision, may more efficiently perform patient education
and reevaluation during uptitration. HF specialty programs
are more likely to have the resources to provide this
follow-up and education.60 Patients should be aware that
symptomatic deterioration is possible early in therapy
and that symptomatic improvement may be delayed weeks
to months.

Referral to clinicians with HF expertise may be helpful
for patients who do not have contraindications to beta
blockade (such as symptomatic bradycardia), but who
have difficulty initiating, uptitrating or maintaining beta
blocker therapy. Several factors may contribute to difficulty
in using beta blocker therapy, including recent or multiple
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HF hospitalizations; HF associated with ischemia, uncon-
trolled hypertension, moderate esevere valvular disease,
syncope, or renal dysfunction; other multiple, active comor-
bidities, including asthma and chronic obstructive pulmo-
nary disease; intolerance to other recommended HF drug
therapies; persistent poor adherence to the HF plan of
care; low output state; and persistent NYHA class III or
IV symptoms.

Implantation of Cardiac Pacemakers in Patients
With Baseline Bradycardia: An Unresolved Issue

Given the strength of evidence supporting beta blocker
therapy in patients with symptomatic HF, some physicians
would consider pacemaker implantation when symptomatic
bradycardia or heart block occurs during the initiation of
this therapy. No clinical trial data are available to support
this practice. Data from a decision analysis/cost-
effectiveness modeling study suggested that prophylactic
pacemaker insertion to allow beta blocker treatment in pa-
tients with bradycardia may be associated with clinical ben-
efits, and may be cost-effective.14 However, this approach
cannot be recommended in the absence of clinical
data.6,14 It should be recognized that right ventricular
(RV) pacing alone may result in deterioration of ventricular
function, negating any potential benefit from beta block-
ade.61 Consideration should be given to the withdrawal of
other drugs that may have bradycardic effects.

Angiotensin Receptor Blockers (Table 7.1)

See recommendation 7.2-7.5 and the accompanying
background for a discussion of the role of ARBs as an
alternative to ACE-inhibitors.

Recommendations

7.12 The routine administration of an ARB is not rec-
ommended in addition to ACE inhibitor and beta
blocker therapy in patients with a recent acute MI
and reduced LVEF. (Strength of Evidence 5 A)

7.13 The addition of an ARB should be considered in
patients with HF due to reduced LVEF who
have persistent symptoms or progressive worsen-
ing despite optimized therapy with an ACE inhib-
itor and beta blocker. (Strength of Evidence 5 A)

Background

Post-MI Studies. The VALIANT trial evaluated the clin-
ical effectiveness of ACE inhibitors and ARBs in patients
with a recent MI (0.5-14 days), an LVEF #40% and clini-
cal or radiographic signs of HF.16 The addition of valsartan
to captopril did not result in a significant improvement in
total mortality or cardiovascular mortality compared to cap-
topril alone, and there were more drug-related adverse
events in the valsartan-captopril group.
The Optimal Trial in Myocardial Infarction with Angio-
tensin II Antagonist Losartan (OPTIMAAL) was designed
to prove that losartan would be superior or not inferior to cap-
topril in decreasing all-cause mortality in patients with MI
complicated by reduced LVEF.17 There was a trend toward
decreased all-cause mortality in the captopril group com-
pared with losartan, and fewer captopril-treated patients ex-
perienced sudden death or a resuscitated cardiac arrest.17

The addition of losartan to captopril did not result in a signif-
icant improvement in total mortality or cardiovascular mor-
tality compared with captopril alone, and there were more
drug-related adverse events in the losartan-captopril group.

The results of VALIANT cannot be directly compared
with those of Val-HeFT and CHARM, because VALIANT
was conducted in patients with recent MI and both an
ACE inhibitor and ARB were added, rather than adding
the ARB to a stable patient on chronic ACE inhibitor ther-
apy. These data suggest that an ARB may be beneficial
when added to an ACE inhibitor and beta blocker in pa-
tients with chronic HF, but not in those with HF because
of a recent MI. See Recommendations 7.21 and 7.22 and
accompanying background for more information on the op-
timal use of multi-drug therapy.
Aldosterone Antagonists (Table 7.1)

Recommendations

7.14 Administration of an aldosterone antagonist is
recommended for patients with NYHA class IV
(or class III, previously class IV) HF from reduced
LVEF (!35%) while receiving standard therapy,
including diuretics. (Strength of Evidence 5 A)

7.15 Administration of an aldosterone antagonist
should be considered in patients following an
acute MI, with clinical HF signs and symptoms
or history of diabetes mellitus, and an LVEF
!40%. Patients should be on standard therapy,
including an ACE inhibitor (or ARB) and a beta
blocker. (Strength of Evidence 5 A)

7.16 Aldosterone antagonists are not recommended
when creatinine is O2.5 mg/dL (or creatinine
clearance is !30 ml/min) or serum potassium is
O5.0 mmol/L or in conjunction with other
potassium-sparing diuretics. (Strength of Evi-
dence 5 A)

7.17 It is recommended that serum potassium concen-
tration be monitored frequently following initia-
tion or change in an aldosterone antagonist.
Monitoring should reflect protocols followed in
clinical trials. (Strength of Evidence 5 A)

7.18 In the absence of persistent hypokalemia (!4.0
mmol/L), supplemental potassium is not recom-
mended in patients taking an aldosterone antago-
nist. (Strength of Evidence 5 A)
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Background

Sustained activation of aldosterone appears to play an
important role in the pathophysiology of HF.62 Increased
renin and angiotensin II levels contribute to the stimulation
of aldosterone secretion. Elevated circulating levels of this
hormone enhance sodium retention and potassium and
magnesium loss. Aldosterone upsets autonomic balance
by increasing sympathetic activation and parasympathetic
inhibition and promotes cardiac and vascular structural re-
modeling through collagen synthesis.63e65

Although ACE inhibition may transiently decrease aldo-
sterone secretion, there are diverse stimuli other than angio-
tensin II for the production of this hormone.66 Studies
suggest a rapid return of aldosterone to levels similar to
those before ACE inhibition.67 The potential pathophysio-
logic role of aldosterone and the results of a pilot study
that suggested low doses of spironolactone were tolerated
in HF, led to additional investigation of these agents in se-
vere HF and subsequently in post-MI HF.68,69

The Randomized Aldactone Evaluation Study (RALES)
was designed to determine the effect of low-dose spirono-
lactone on survival in severely symptomatic (recent or cur-
rent NYHA class IV) HF patients treated with an ACE
inhibitor, loop diuretic, and, in many cases, digoxin.68

The study enrolled a total of 1663 patients with reduced
LVEF (LVEF #35%) resulting from ischemic and noni-
schemic etiologies. All-cause mortality was the prespeci-
fied primary endpoint. There were 386 (46%) deaths in
the placebo group compared with 284 (35%) in the spirono-
lactone group. The risks of sudden death or of death from
progressive HF were both reduced. The frequency of hospi-
talization for HF was 35% lower in patients treated with
spironolactone compared with placebo. Greater improve-
ment was noted in NYHA functional class in those receiv-
ing spironolactone. Because deaths in class III patients
were designated as a worsening in NYHA class, this func-
tional improvement likely reflects the mortality benefit of
the drug.

The inclusion and exclusion criteria for the RALES trial
are important to consider when applying the study results to
clinical practice. The yearly mortality rate in the placebo
group was high, reflecting the advanced HF of study partic-
ipants. The potential benefit of aldosterone antagonists in
patients with milder HF and lower risk cannot be deter-
mined from RALES data. It should be noted that only
10% of placebo and 11% of spironolactone patients in the
RALES trial were treated with beta blocker therapy. Pa-
tients with potassium levels O5.0 mmol/L were excluded,
as were patients with abnormal renal function, defined as
a creatinine O2.5 mg/dL. Patients recruited into the trial
met the potassium inclusion criteria despite the frequent
concomitant use of potassium supplementation at baseline
(28%). Adhering to these patient characteristics may be
necessary to avoid excessive hyperkalemia during spirono-
lactone treatment. In clinical practice, a more conservative
approach to serum creatinine may be warranted. The
recommended serum creatinine cutoff of 2.5 mg/dL in
this guideline is consistent with the eligibility criteria for
the RALES trial. However, the majority of patients enrolled
in RALES had a serum creatinine below this level. In addi-
tion, several groups including women, the elderly, or pa-
tients with low muscle mass may have a lower creatinine
clearance for a given level of serum creatinine. For these
patients, it may be reasonable to calculate an estimated cre-
atinine clearance rather than relying solely on the serum
creatinine value. Aldosterone antagonists are not recom-
mended in patients with creatinine clearance !30 ml/min.

Spironolactone should be used in conjunction with stan-
dard therapy, including ACE inhibitors, digoxin, diuretics,
and beta blockers. It should be initiated at a dose of 12.5
to 25 mg per day. Spironolactone can be titrated to 37.5
mg or 50 mg with careful monitoring in patients with re-
fractory HF or persistent hypokalemia. Serum potassium
and creatinine should be monitored closely in the first
few weeks of therapy. If the serum potassium exceeds 5.0
mmol/L, then the dose of spironolactone should be de-
creased to 25 mg every other day and medications that
could contribute to hyperkalemia should be adjusted. The
risk of hyperkalemia with aldosterone antagonism is in-
creased in patients with older age, diabetes, higher serum
creatinine levels, and higher ACE inhibitor doses. In com-
munity settings the risk is far higher than documented dur-
ing careful monitoring in trial settings, and may be as high
as 20% .70 This risk should be taken into careful consider-
ation when treating with an aldosterone antagonist, and re-
mains present even after successful initiation of this
therapy. Patients should continue to be monitored carefully
and should be instructed not to take the aldosterone antag-
onist during any circumstances of volume loss such as
gastroenteritis.

In addition to hyperkalemia, gynecomastia or breast pain
may be important side effects of spironolactone, but not
eplerenone. They were reported in 10% of the men random-
ized to spironolactone versus 1% of the males in the pla-
cebo group in the RALES trial. These side effects were
more frequent in patients taking digoxin.

Clinical studies with the selective aldosterone antagonist,
eplerenone, have demonstrated favorable results in patients
with HF after acute MI. A multicenter, randomized, double-
blind, placebo-controlled trial, Eplerenone Post-Acute
Myocardial Infarction Heart Failure Efficacy and Survival
Study (EPHESUS), tested the effect of eplerenone versus
placebo in 6642 patients.69 Patients were enrolled after an
acute MI if they had an LVEF #40% and HF documented
by signs and symptoms. HF signs and symptoms were not
required if patients had diabetes. Exclusion criteria for
the study included creatinine O2.5 mg/dL and serum potas-
sium O5.0 mmol/L. Patients were generally receiving
agents shown to be effective in reducing risk in patients af-
ter acute MI, including beta blockers, ACE inhibitors, aspi-
rin and cholesterol-lowering agents. The hypothesis was
that eplerenone would reduce overall mortality and cardio-
vascular mortality or hospitalization.
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The results, after an average follow-up 16 months, re-
vealed a statistically significant reduction in cardiovascular
mortality or hospitalization and all-cause mortality and hos-
pitalization in the group receiving eplerenone.69 The reduc-
tion in all-cause mortality was observed as early as 30 days
after randomization.71 There was also a significant reduc-
tion in sudden cardiac death favoring eplerenone treatment.

Adverse reactions to eplerenone were uncommon. As
with spironolactone, serious hyperkalemia was more prev-
alent with eplerenone treatment. It should be noted that
baseline serum potassium concentration in both the eplere-
none and placebo groups was 4.3 mmol/L. As outlined in
the recommendation for use, it is important to monitor elec-
trolytes, especially potassium. The major predictors of hy-
perkalemia in EPHESUS were estimated glomerular
filtration rate (eGFR) !60 ml/min, baseline serum potas-
sium above the median (4.3 mEq/L), diabetes mellitus,
and prior use of antiarrhythmic drugs. The effect of epler-
enone on all-cause mortality was not affected by baseline
serum potassium or the change in serum potassium from
baseline.72 Post-hoc analyses suggested that patients who
were not on ACE inhibitors or ARBs and beta blockers
had less benefit from the addition of eplerenone than those
on these neurohormonal antagonists.69 A recent systematic
review of post-MI and HF studies in subjects with reduced
LVEF using the aldosterone antagonists spironolactone,
eplerenone, and canrenoate confirmed benefits in all-
cause mortality, hospitalizations, and LVEF.73

Remodeling Post MI Another study randomized 134
patients post-anterior MI after revascularization to spirono-
lactone versus placebo.74 All patients were on ACE inhibi-
tors. After 1 month, LVEF was improved, end-diastolic
dimension was reduced, and markers of collagen synthesis
were reduced in the spironolactone group, indicating an
improvement in LV remodeling after MI. One of the limi-
tations of this study was that only 31% of patients were
on beta blockers. A substudy of EPHESUS demonstrated
lower levels of collagen biomarkers among patients
randomized to eplerenone, suggesting that it suppresses
post-MI remodeling.75

Aldosterone Antagonists in Mild to Moderate HF. Pa-
tients enrolled in RALES had chronic severe HF (NYHA
IV at enrollment or in the past). EPHESUS studied patients
who were post-MI. Aldosterone antagonists have not been
proven effective in patients with mild to moderate HF in
the absence of recent MI or in patients with HF and pre-
served LV systolic function.

Selective Versus Nonselective Aldosterone Antago-
nists. The efficacy of selective and nonselective aldoste-
rone antagonists is generally considered to be equivalent.
The potential advantage of a selective aldosterone blocker
that blocks only the mineralocorticoid receptor is a reduc-
tion in side effects. A nonselective blocker, such as spiro-
nolactone, blocks the mineralocorticoid, glucocorticoid,
androgen, and progesterone receptors, resulting in poten-
tial gynecomastia and sexual dysfunction. The incidence
of gynecomastia with eplerenone in EPHESUS was
0.5%, whereas it was 10% with spironolactone in
RALES.68,69

Hyperkalemia. Hyperkalemia is a life-threatening com-
plication of aldosterone antagonists and is much more
likely to occur in patients with diabetes or renal insuffi-
ciency or in those taking ACE inhibitors or ARBs. When
more than one of these risk factors is present, the likelihood
of hyperkalemia increases. In RALES and EPHESUS, aldo-
sterone antagonists were not initiated if the creatinine was
O2.5 mg/dL or serum potassium was O5.0 mmol/L. In
RALES, the potassium was monitored every 4 weeks for
12 weeks, every 3 months up to a year, and every 6 months
after the first year. In the EPHESUS trial, in which patients
were taking a larger number of concomitant medications,
potassium was measured at 48 hours, at 4-5 weeks, and
then every 3 months. Potassium was measured 1 week after
a dose increase of an aldosterone antagonist. Although pa-
tients with creatinine !2.5 mg/dL were enrolled in the
clinical trials, very few patients actually had a creatinine
O1.7 mg/dL. Thus additional monitoring should be consid-
ered in these patients.

Few patients will tolerate an aldosterone antagonist in the
absence of concomitant therapy with a potassium-wasting
diuretic. Potassium supplements and potassium-containing
salt supplements should be reduced or, if possible, discon-
tinued. Serum potassium monitoring should be at least as
rigorous as in RALES and EPHESUS and more rigorous
in patients with multiple risk factors. Nonsteroidal antiin-
flammatory agents, including cyclooxygenase-2 inhibitors,
should be avoided because they may worsen renal insuffi-
ciency, increasing the risk of hyperkalemia.

Renin Inhibitors

Aliskiren is an orally active renin inhibitor that appears
to suppress the RAAS to a similar degree as ACE-inhibi-
tors.76 The Aliskiren Observation of Heart Failure Treat-
ment (ALOFT) study evaluated aliskiren in addition to an
ACE-inhibitor in patients with NYHA class II-IV HF.
The primary endpoint was the change from baseline to 3
months in N-terminal prohormone brain natriuretic peptide
(NT-proBNP). NT-proBNP was lower for patients random-
ized to aliskiren, whereas it was higher for patients random-
ized to placebo (P50.01).77,78 Phase 3 trials to evaluate the
effects of aliskiren on mortality and morbidity are ongoing.

Oral Nitrates and Hydralazine

Recommendations

7.19 A combination of hydralazine and isosorbide dini-
trate is recommended as part of standard therapy
in addition to beta blockers and ACE inhibitors
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for African Americans with HF and reduced
LVEF.

� NYHA III or IV HF (Strength of Evidence 5 A)
� NYHA II HF (Strength of Evidence 5 B) (See

Section 15: Special Populations)
7.20 A combination of hydralazine and isosorbide dini-
trate may be considered in non-African-American
patients with HF and reduced LVEF who remain
symptomatic despite optimized standard therapy.
(Strength of Evidence 5 C)

Background

The Vasodilator Heart Failure Trial (V-HeFT) was the
first major randomized HF trial and was conducted in Vet-
erans Administration hospitals throughout the US. Patients
who remained symptomatic with mild to severe symptoms
of HF despite treatment with diuretics and digoxin were
randomized to a combination of hydralazine and isosor-
bide dinitrate or prazosin or placebo. The combination
of hydralazine and isosorbide dinitrate was associated
with a reduction in all-cause mortality compared to both
placebo and prazosin that was of borderline statistical sig-
nificance (P 5 .053).79 In V-HeFT II, the combination of
hydralazine and isosorbide dinitrate was compared with
enalapril in a population similar to V-HeFT I.80 All-
cause mortality was 28% lower with enalapril than with
the hydralazine isosorbide dinitrate combination. How-
ever, quality of life and peak exercise capacity as mea-
sured by peak oxygen consumption were better with
hydralazine-isosorbide dinitrate.

The African-American Heart Failure Trial (A-HeFT)
enrolled 1050 self-identified African-American patients
who had NYHA class III or IV HF with dilated ventricles
and reduced LVEF.81 In this placebo-controlled, blinded,
and randomized trial, subjects were randomly assigned
to receive a fixed combination of isosorbide dinitrate
plus hydralazine or placebo in addition to standard ther-
apy for HF. The primary end point was a composite score
made up of weighted values for death from any cause,
a first hospitalization for HF, and change in the quality
of life. The study was terminated early because of a signif-
icantly higher mortality rate in the placebo group than in
the group given the fixed combination of isosorbide dini-
trate plus hydralazine (10.2% vs 6.2%, P 5 .02). The
mean primary composite score was significantly better in
the group given isosorbide dinitrate plus hydralazine
than in the placebo group, as were its individual compo-
nents: 43% reduction in the rate of death from any cause,
33% relative reduction in the rate of first hospitalization
for HF, and an improvement in the quality of life. These
results taken together constitute a strong recommendation
for the addition of the fixed combination of isosorbide
dinitrate/hydralazine to the standard medical regimen for
HF in African Americans. Data cannot exclude a benefit
of the isosorbide dinitrate/hydralazine combination in
non-African Americans when added to the standard med-
ical regimen for HF.
Optimal Use of Multi-Drug Therapy

Recommendations

7.21 Additional pharmacologic therapy should be con-
sidered in patients with HF and reduced LVEF
who have persistent symptoms or progressive
worsening despite optimized therapy with an
ACE inhibitor and beta blocker. The choice of
specific agent will be influenced by clinical consid-
erations, including renal function status, chronic
serum potassium concentration, blood pressure,
and volume status. The triple combination of an
ACE inhibitor, an ARB, and an aldosterone antag-
onist is not recommended because of the high risk
of hyperkalemia. (Strength of Evidence 5 C)

� Addition of an ARB. (Strength of Evidence 5 A)
� Addition of an aldosterone antagonist:

B for severe HF (Strength of Evidence 5A)
B for moderate HF (Strength of Evidence 5

C)
B for post-MI HF (Strength of Evidence 5 A)

� Addition of the combination of hydralazine/
isosorbide dinitrate:

B for African Americans (Strength of Evi-
dence 5 A)

B for others (Strength of Evidence 5 C)
7.22 Additional pharmacological therapy should be
considered in patients with HF and reduced
LVEF who are unable to tolerate a beta blocker
and have persistent symptoms or progressive
worsening despite optimized therapy with an
ACE inhibitor. The choice of specific agent will
be influenced by clinical considerations, including
renal function status, chronic serum potassium
concentration, blood pressure and volume status.
The triple combination of an ACE inhibitor, an
ARB, and an aldosterone antagonist is not recom-
mended due to the high risk of hyperkalemia.
(Strength of Evidence 5 C)

� Addition of an ARB. (Strength of Evidence 5

C)
� Addition of an aldosterone antagonist:

B for severe HF (Strength of Evidence 5 C)
B for moderate HF (Strength of Evidence 5

C)

� Addition of the combination of hydralazine/
isosorbide dinitrate:

B for African Americans (Strength of Evi-
dence 5 C)

B for others (Strength of Evidence 5 C)
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Background

Multi-drug therapy is required for optimal management
to slow progression and improve outcome in patients
with HF and reduced LVEF. An ACE inhibitor plus
a beta blocker is standard background therapy. An ARB
can be substituted for an ACE inhibitor if clinically indi-
cated. An ARB can be added to an ACE inhibitor in indi-
viduals in whom beta blocker is contraindicated or not
tolerated. The optimal choice of additional drug therapy
to further improve outcome in patients already treated
with 2 of these 3 drugs is not firmly established. An aldo-
sterone inhibitor, an ARB (if the patient is already on an
ACE inhibitor) and the combination of isosorbide dinitrate
and hydralazine have all been shown to exert further ben-
efit in controlled trials, but have not been the subject of
comparative trials. The choice among these agents may
be influenced by the patient’s age, renal function, serum
potassium, racial background, and severity of the clinical
syndrome. Certain combinations would require careful
monitoring. For example, if an ARB or aldosterone antag-
onist were combined with an ACE inhibitor, with or with-
out beta blocker therapy, elderly patients would require
close monitoring of serum potassium, especially those
with diabetes or renal insufficiency.

The use of 4 or more of these drugs in combination
cannot be recommended on the basis of clinical trial ev-
idence for additional efficacy, but such combinations
have been used in subsets of patients enrolled in clinical
trials. In the CHARM-Added trial, an ARB was safely
administered to patients receiving an ACE inhibitor,
beta blocker and aldosterone inhibitor, when patients
were closely monitored for hyperkalemia and worsening
renal function.82 Non-significant increases in serum creat-
inine and serum potassium have been observed in clinical
trials, and clinicians must closely monitor patients for
these adverse effects when using these drugs in combina-
tion. In the A-HeFT study, black patients were given iso-
sorbide dinitrate-hydralazine in addition to an ACE
inhibitor, an ARB, and an aldosterone inhibitor with no
apparent adverse effect.81 Nonetheless, the use of combi-
nations of 4 or more of these drugs would not be based
on evidence for further efficacy and should mandate
close monitoring of blood pressure, renal function, and
serum potassium.

As discussed previously in this section, ARBs, aldoste-
rone antagonists, and hydralazine/isosorbide dinitrate all
have been shown to be beneficial in patients with chronic
HF with or without beta blocker therapy. However, no
study has specifically evaluated patients who are intolerant
to beta blockers. Those who are intolerant due to hypoten-
sion or worsening HF are likely to have more severe
HF and to be at higher risk of hypotension, worsening renal
function, or hypokalemia with additional medical therapy.
Thus closer clinical and laboratory monitoring is
important.
Diuretic Therapy

Recommendation

7.23 Diuretic therapy is recommended to restore and
maintain normal volume status in patients with
clinical evidence of fluid overload, generally man-
ifested by congestive symptoms (orthopnea,
edema, and shortness of breath), or signs of ele-
vated filling pressures (jugular venous distention,
peripheral edema, pulsatile hepatomegaly, and,
less commonly, rales). (Strength of Evidence 5

A) Loop diuretics rather than thiazide-type di-
uretics are typically necessary to restore normal
volume status in patients with HF. (Strength of
Evidence 5 B)

Background

Loop and distal tubular diuretics are necessary adjuncts
in the medical therapy for HF when symptoms are the result
of sodium and water retention. Diuretics reduce congestive
symptoms and signs and can be titrated as needed to restore
euvolemia and to reach an estimated ‘‘dry’’ weight goal for
the patient.

Relief of signs and symptoms must be achieved without
causing side effects, particularly symptomatic hypoten-
sion or worsening renal function. Underutilization of di-
uretic therapy is common, but excessive diuresis is also
problematic, limiting ventricular preload and producing
excessive lowering of blood pressure, especially in con-
junction with antihypertensive drugs such as ACE inhibi-
tors, ARBs, and beta blockers. Diuretic administration
should be accompanied by a recommendation for dietary
sodium restriction to between 2000 and 3000 mg daily
for the typical patient with HF (see Section 6). Fluid re-
striction is best reserved for the patient refractory to di-
uretics with a high oral fluid intake or symptomatic
hyponatremia.

Although some retrospective analyses have generated
concern about the long-term safety of diuretics,83,84 this
concern is not supported by any controlled data. There
are few controlled studies of diuretics because few symp-
tomatic patients can be managed without them. Still, there
are data to support the safety and efficacy of diuretics.85 A
trial in which patients with stable and relatively mild HF
without evidence of significant volume overload were ran-
domized to substitution of an ACE inhibitor or continued
diuretic showed that the large majority of patients required
reinstatement of diuretic therapy.86 Very small trials sug-
gest that in patients with reduced LVEF with or without
HF, ACE inhibitor therapy may prevent remodeling more
than diuretics, but that diuretics may be superior for symp-
tom improvement.87,88 However, there are no controlled
clinical trial data prospectively evaluating the overall im-
pact of diuretic therapy on mortality in patients with HF.
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Diuretics may cause activation of the RAAS, potentiate hy-
potensive effects of ACE inhibitors,89,90 and may decrease
cardiac output, especially in patients with diastolic LV dys-
function. Diuretics also may induce hypokalemia and hypo-
magnesemia.

Loop Diuretics. Loop diuretics, which act on the ascend-
ing limb of the renal medullary loop of Henle, are consid-
ered the diuretic class of choice for the treatment of HF.
These drugs produce a greater fractional excretion of fil-
tered sodium than is induced by thiazide-type diuretics.
The onset of action with intravenous administration is
within minutes, making this route of administration prefer-
able for the acutely symptomatic or hospitalized patient
(see Section 12).

Thiazide Diuretics. Thiazide diuretics, which inhibit so-
dium reabsorption in the distal renal tubule, may be effec-
tive as monotherapy in HF patients with mild volume
overload and preserved renal function. They are generally
superior to loop diuretics as antihypertensive agents.
They are delivered to their site of action by filtration and
are ineffective when the glomerular filtration rate falls be-
low 30 mL/min.

Potassium-Sparing Diuretics. Potassium-sparing diure-
tics, other than aldosterone antagonists, have no direct di-
uretic activity. Several are formulated in combination with
thiazides for the treatment of hypertension, but are not
generally useful in HF. For patients with excessive potas-
sium losses on loop diuretics, coincident administration of
these agents can be helpful. However, because of their
beneficial effects on prognosis and ability to facilitate di-
uresis, aldosterone antagonists are preferred for this pur-
pose. The use of these agents for purposes other than as
a diuretic is discussed earlier in this section. Table 7.3
and Table 7.4 provide dosage and other information about
loop diuretics, thiazides, and potassium-sparing di-
uretics.6,91,92

Recommendation

7.24 The initial dose of diuretic may be increased as
necessary to relieve congestion. Restoration of
normal volume status may require multiple ad-
justments over many days and occasionally weeks
in patients with severe fluid overload evidenced by
massive edema or ascites. After a diuretic effect is
achieved with short-acting loop diuretics, increas-
ing administration frequency to twice or even 3
times per day will provide more diuresis with
less physiologic perturbation than larger single
doses. (Strength of Evidence 5 B)

Oral torsemide may be considered in patients in
whom poor absorption of oral medication or er-
ratic diuretic effect may be present, particularly
those with right-sided HF and refractory fluid
retention despite high doses of other loop di-
uretics. (Strength of Evidence 5 C)

Intravenous administration of diuretics may be
necessary to relieve congestion. (Strength of Evi-
dence 5 A)

Diuretic refractoriness may represent patient non-
adherence, a direct effect of diuretic use on the
kidney, or progression of underlying cardiac dys-
function.

Background

HF can adversely affect the pharmacokinetics of di-
uretics in a number of ways. Delayed absorption, resulting
from gut edema from high central venous pressure, can re-
duce peak serum concentration. The volume of distribution
is variable in the setting of chronic HF. Relative hypoten-
sion or reduced cardiac output producing a limitation in re-
nal blood flow reduces the delivery of diuretic to the kidney.
In general, these limitations can be overcome by succes-
sively increasing the dose administered.

Recommendation

7.25 Addition of chlorothiazides or metolazone, once or
twice daily, to loop diuretics should be considered in
patients with persistent fluid retention despite high-
dose loop diuretic therapy. But chronic daily use,
especially of metolazone, should be avoided if possi-
ble because of the potential for electrolyte shifts and
volume depletion. These drugs may be used period-
ically (every other day or weekly) to optimize fluid
management. Metolazone will generally be more
potent and much longer-acting in this setting and
in patients with chronic renal insufficiency, so ad-
ministration should be adjusted accordingly. Vol-
ume status and electrolytes must be monitored
closely when multiple diuretics are used. (Strength
of Evidence 5 C)

Background

Thiazide-type diuretics can be used in combination with
loop diuretics to augment natriuresis when high doses of
loop diuretic are ineffective at restoring euvolemia. Im-
proved natriuresis from the combination of these 2 classes
of diuretics is expected as they act at different sites in the
kidney to produce sodium loss. In addition, resistance to
loop diuretics can occur, partially due to progressive hyper-
trophy of distal renal tubular endothelial cells. This results
in greater distal tubular reabsorption of sodium, which in
turn reduces the net natriuretic effect of loop diuretics.
Combining a thiazide-type diuretic with a loop diuretic typ-
ically will overcome this compensatory hypertrophy and re-
sult in a significantly greater diuretic effect. Metolazone is
a thiazide-like diuretic with better oral availability than
loop diuretics. It has a half-life of approximately 14 hours.



Table 7.3. Loop Diuretics

Agent
Initial Daily
Dose (mg)

Maximum Total
Daily Dose (mg) Elimination Duration of Action (hr)

Furosemide* 20e40 mg qd or bid 600 mg 65%R 35%M 4e6
Bumetanide* 0.5e1.0 mg qd or bid 10 mg 62%R 38%M 6e8
Torsemide* 10e20mg qd 200 mg 20%R 80%M 12e16
Ethacrynic acid*,þ 25e50 mg qd or bid 200 mg 67%R 33%M 6

Equivalent doses: furosemide 40 mg 5 bumetanide 1 mg 5 torsemide 20 mg 5 ethacrynic acid 50 mg.
R 5 renal; M 5 metabolic; B 5 excreted into bile; U 5 unknown.
*Available for oral or intravenous administration (no dosage adjustments).
þNon-sulfa containing, may be used in sulfa-allergic patients.

Table 7.4. Other Diuretics

Agent
Initial Daily
Dose (mg)

Maximum Total
Daily Dose (mg) Elimination Duration of Action (hr)

Thiazides
Chlorothiazide* 250e500 qd or bid 1000 mg R 6e12
Chlorthalidone 12.5e25 mg qd 100 mg 65%R 10%B 25%U 24e72
Hydrochlorothiazide 25 mg qd or bid 200 mg R 6e12
Metolazone 2.5 mg qd 20 mg 80%R 10%B 10%U 12e24
Idapamide 2.5 mg qd 5 mg M 36
*May be given IV in doses of

250e1000 mg.
Potassium-Sparing
Spironolactone* 12.5e25 qd 50 mg* M 48e72
Eplerenone*,þ 25e50 qd 100 mg* R, M
Amiloride 5 qd 20 mg R 24
Triamterene 50e75 bid 200 mg M 7e9

R 5 renal; M 5 metabolic; B5 excreted into bile; U 5 unknown.
*Higher doses have been used to control volume retention or hyperkalemia but close monitoring is mandatory.
þDo not use if creatinine clearance is #30 mL/min or with cytochrome 3A4 inhibitors.
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The diuretic effects of metolazone are preserved even in pa-
tients with reduced GFR (!20 ml/min) because it does not
decrease GFR or renal plasma flow; in contrast, thiazide di-
uretics can decrease GFR which contribute to their lower
efficacy in patients with renal impairment.

Recommendation

7.26 Careful observation for the development of side
effects, including electrolyte abnormalities, symp-
tomatic hypotension, renal dysfunction, or wors-
ening renal function, is recommended in patients
treated with diuretics, especially when used at
high doses and in combination. Patients should
undergo routine laboratory studies and clinical
examination as dictated by their clinical response.
(Strength of Evidence 5 B)

Background

Hypokalemia from excessive potassium wasting is com-
mon during loop diuretic therapy, especially during the re-
versal of significant volume overload. Thiazide-type
diuretics also contribute to potassium wasting. Serum po-
tassium concentration should be monitored when diuretics
are used, particularly during initiation and uptitration of
therapy, with supplements given as needed. Other electro-
lyte disturbances associated with chronic diuretic use in-
clude hypomagnesemia and hypocalcemia.
Excessive diuresis may lead to volume depletion during
treatment. Symptoms may include fatigue and shortness
of breath, rather than the more predictable symptoms of
lightheadedness. Hyperkalemia may accompany mild vol-
ume depletion and is more likely to occur in patients receiv-
ing ACE inhibitors, ARBs, and/or aldosterone blockers,
especially in patients with diabetes or those taking potas-
sium supplements or ingesting foods with high potassium
content.

Use of loop and distal tubular diuretics in combination
may be necessary to relieve symptoms, but may result in
excessive volume loss and electrolyte disturbance. Distal
tubular diuretics should be introduced cautiously when
they are combined with loop diuretics, and patients should
be monitored closely for side effects. Initially, only single
low doses (eg, metolazone 2.5 mg) should be administered
to determine the magnitude of response. If necessary, high-
er doses may be used subsequently, but this should be done
cautiously with close monitoring of electrolytes and volume
status. Twice-daily dosing of distal agents is generally not
helpful because they have a long duration of action. In
most cases, the frequency of use can be cut back to every
other day, once or twice weekly, or as needed based on
a weight threshold.

Worsening renal function is common with excessive di-
uresis, especially when patients are receiving ACE inhibi-
tors or ARBs. Fortunately, reduction in diuretic dose and
restoration of euvolemia will return renal function to
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baseline levels in almost all cases unless hypovolemia has
been prolonged or worsening renal function is due to an-
other cause (eg, nephrotoxic drugs, post-obstructive urop-
athy). Intensification of diuretic therapy in these patients
may be accompanied by a worsening of renal function re-
flected by modest elevations in blood urea nitrogen and se-
rum creatinine concentration. Some reduction in renal
function may be a necessary tradeoff for symptom relief
in this setting. While there is an association between wors-
ening renal function and adverse outcomes in HF, causality
remains unproven.

The occurrence of reduced renal function should prompt
a review of the patient’s current medications to avoid con-
comitant administration of nephrotoxic drugs or drugs that
reversibly affect renal function (eg, nonsteroidal anti-
inflammatory drugs, antibiotics) and to determine if dose
reduction in medications dependent on renal clearance
(eg, digoxin) is warranted. It is essential to recognize pro-
gressive renal insufficiency from decreasing renal perfusion
that will require adjustment of diuretic therapy. Worsening
renal function can also result from inadequate diuresis and
volume overload leading to renal venous or intraabdominal
hypertension.

Loop diuretics may be associated with a variety of other
side effects that may require additional treatment to correct.
Rapid intravenous administration of high-dose loop di-
uretics should be avoided whenever possible, because hear-
ing loss to the point of deafness can result from middle ear
toxicity. Skin reactions from photosensitivity to rashes are
not uncommon, and other hypersensitivity reactions includ-
ing interstitial nephritis may occur. High doses of loop di-
uretics can worsen glucose tolerance and may result in
hyperuricemia and symptoms of gout, prompted by in-
creased uric acid reabsorption. Thiazide diuretics share
most of the side effects seen with loop diuretics, although
an association with pancreatitis appears be unique to loop
diuretics.

Recommendation

7.27 Patients requiring diuretic therapy to treat fluid
retention associated with HF generally require
chronic treatment, although often at lower doses
than those required initially to achieve diuresis.
Decreasing or even discontinuing diuretics may
be considered in patients experiencing significant
improvement in clinical status and cardiac func-
tion or in those who successfully restrict dietary
sodium intake. These patients may undergo cau-
tious weaning of diuretic dose and frequency
with careful observation for recurrent fluid reten-
tion. (Strength of Evidence 5 C)
Background

Reduced diuretic requirement is not uncommon during
the course of HF treatment. The initiation of more effective
therapies, such as ACE inhibitors and beta blockers, may
result in substantial improvement in underlying LV dys-
function and in neurohormonal abnormalities that result
in sodium and water retention. Improvement in adherence
to dietary sodium restrictions is not unusual during chronic
therapy for HF and may substantially reduce the need for
diuretic therapy. Reevaluation of diuretic dose and fre-
quency should occur over the course of initiation and titra-
tion of therapy.

Recommendation

7.28 It is recommended that patients and caregivers be
given education that will enable them to demon-
strate understanding of the early signs of fluid re-
tention and the plan for initial therapy. (Strength
of Evidence 5 C)

Selected patients may be educated to adjust daily
dose of diuretic in response to weight gain from
fluid overload (typically short-term weight gain
of 2 to 4 lb). (Strength of Evidence 5 C) (See Sec-
tion 6 for more information on this topic)

Background

Episodic increases in sodium intake over weeks and
months of follow-up are expected, given the natural varia-
tion in diet common in the daily lives of patients with
HF. If untreated, this excessive dietary sodium intake may
result in development or recurrence of congestive symp-
toms. The ability to recognize early signs and symptoms
of volume overload is an important aspect of self-care for
these patients. Intervention early in the development of
fluid overload may allow restoration of volume status with-
out hospitalization.

A strategy effective in many patients involves adjustment
of the diuretic dose according to increases in daily weight.
Some patients find it effective to increase diuretic empiri-
cally when dietary sodium indiscretion occurs. In some pa-
tients with advanced HF, monitoring of renal function and
potassium is necessary before or during these periods.

Digoxin

Recommendation

7.29 Digoxin may be considered to improve symptoms
in patients with reduced LVEF (LVEF #40%)
who have signs or symptoms of HF while receiving
standard therapy, including ACE inhibitors and
beta blockers:

� NYHA class II-III (Strength of Evidence 5 B)
� NYHA class IV (Strength of Evidence 5 C)
Background

Although little controversy exists as to the benefit of di-
goxin in patients with symptomatic HF with reduced LVEF
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and concomitant atrial fibrillation, the debate continues
over its current role in similar patients with normal sinus
rhythm. Information regarding digoxin’s mechanism of ac-
tion and ongoing analyses of clinical data from the Digitalis
Investigation Group (DIG) trial and the combined databases
of several other large trials provide evidence of digoxin’s
efficacy.93e99 Digoxin, a drug that is inexpensive and can
be given once daily, represents the only oral agent with pos-
itive inotropic effects approved for the management of HF,
although as discussed below, in the low doses currently
used, digoxin may work more by neurohormonal modula-
tion than inotropy. Digoxin has an important therapeutic
role in symptomatic patients with HF from reduced LVEF.

The efficacy of digoxin in HF with reduced LVEF has
traditionally been attributed to its relatively weak positive
inotropic action arising from inhibition of sodium-
potassium ATPase and the resulting increase in cardiac
myocyte intracellular calcium. However, digitalis has addi-
tional actions that may contribute significantly to its bene-
ficial effects in patients with HF. Digoxin has important
neurohormonal modulating effects that cannot be ascribed
to its inotropic action, and it ameliorates autonomic dys-
function as shown by studies of heart rate variability, which
indicate increased parasympathetic and baroreceptor sensi-
tivity during therapy.100e103

The DIG trial provides important data concerning the ef-
ficacy of digoxin in patients with HF from reduced LVEF.97

In the main part of this trial, 6800 patients with LVEF
#45% were randomized to digoxin or placebo in addition
to diuretics and ACE inhibitors. The primary end point of
all-cause mortality was not significantly different between
the placebo and the digoxin groups. The need for hospital-
ization and cointervention (defined as increasing the dose of
diuretics and ACE inhibitors or adding new therapies for
worsening HF) was significantly lower in the digoxin
group, even in those patients who were not previously tak-
ing digoxin. Twenty-eight percent fewer patients on digoxin
compared with placebo were hospitalized for worsening
HF. Digoxin has not been studied prospectively in patients
on current neurohormonal blockade including both
ACE-inhibitors and beta blockers, and retrospective studies
suggest it may not provide benefit in these patients. A pro-
spective, randomized trial evaluating the benefits of digoxin
would be valuable.104,105

Results from the DIG study showed a neutral effect on
the primary study endpoint, mortality from any cause, dur-
ing an average follow-up of approximately 3 years. These
long-term data are consistent with recent results obtained
from an analysis of the combined Prospective Randomized
Study of Ventricular Function and Efficacy of Digoxin
(PROVED) and Randomized Assessment of Digoxin on In-
hibitors of the Angiotensin Converting Enzyme) RADI-
ANCE study databases.99 In this analysis, patients who
continued digoxin as part of triple therapy with diuretics
and an ACE inhibitor were much less likely to develop
worsening HF (4.7%) than those treated with a diuretic
alone (39%, P !.001), diuretic plus digoxin (19%, P 5 .009),
or diuretic plus an ACE inhibitor (25%, P 5 .001). The
DIG trial was conducted prior to the widespread use of
beta blockers, and no large trial of digoxin in addition
to therapy with both ACE-inhibitors and beta blockers
is available.

Although the number of patients in the DIG trial with
NYHA functional class IV HF was limited, retrospective
analysis of this subgroup found clear evidence of clinical
benefit of digoxin.106 Other results from this trial confirm
that digoxin works to improve symptoms across the spec-
trum of HF with reduced LVEF. A prespecified subgroup
analysis of patients with evidence of severe HF, as mani-
fested by LVEF !25% or cardiothoracic ratio (CTR)
O0.55, showed the benefit of digoxin.100,106 The following
reductions in the combined endpoint of all-cause mortality
or hospitalization were seen on digoxin compared with pla-
cebo: 16% reduction (95% CI 7e24%) in patients with an
LVEF !25%, and a 15% reduction (95% CI 6e23%) in pa-
tients with a CTR O0.55. Reductions in the risk of the
combined endpoint of HF-related mortality or hospitaliza-
tion were even more striking: 39% for patients with
LVEF !25% and 35% for patients with a CTR O0.55.

Evidence for the efficacy of digoxin in patients with mild
symptoms of HF has been provided by a second retrospec-
tive cohort analysis of the combined PROVED and RADI-
ANCE databases.107 The outcome of patients in these trials
randomized to digoxin withdrawal or continuation was cat-
egorized using a prospectively obtained HF score based on
clinical signs and symptoms. Patients in the mild HF group
who were randomized to digoxin withdrawal were at in-
creased risk of treatment failure and had deterioration of
exercise capacity and LVEF compared with patients who
continued digoxin (all P ! .01).

Recommendation

7.30 It is recommended that the dose of digoxin, which
should be based on lean body mass, renal func-
tion, and concomitant medications, should be
0.125 mg daily in the majority of patients and
the serum digoxin level should be !1.0 ng/mL,
generally 0.7-0.9 ng/mL. (Strength of Evidence
5 B)

Background

Recent data suggest that the target dose (and serum con-
centration) of digoxin therapy should be lower than tradi-
tionally assumed. Although higher doses may be
necessary for maximal hemodynamic effects,94 beneficial
neurohormonal and functional effects appear to be achieved
at relatively low serum digoxin concentrations (SDC) typi-
cally associated with daily doses of 0.125 to 0.25
mg.94,103,108 A retrospective analysis of the relationship of
SDC to outcomes in the DIG trial demonstrated a strong di-
rect relationship between the risk of death and SDC, with
concentrations O1.2 ng/mL being associated with harm,
whereas concentrations !1.0 ng/mL were associated with
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favorable outcomes.109 These findings supporting the effi-
cacy of low SDC are reinforced by a retrospective cohort
analysis of the combined PROVED and RADIANCE data-
bases indicating that patients with a low SDC (!0.9 ng/
mL) were no more likely to experience worsening symp-
toms of HF on maintenance digoxin than those with a mod-
erate (0.9e1.2 ng/mL) or high (O1.2 ng/mL) SDC.93,109

All SDC groups were significantly less likely to deteriorate
during follow-up compared with patients withdrawn from
digoxin.

Therefore, patients with reduced LVEF and normal sinus
rhythm should be started on a maintenance dose of digoxin
(no loading dose) of 0.125 or 0.25 mg once daily based on
ideal body weight, age, and renal function. For young pa-
tients with normal renal function, a dose of 0.25 mg/day
will be typical. Most patients with HF are older and have
reduced renal function and should begin at 0.125 mg daily.
Patients with a baseline conduction abnormality, or who are
small in stature or elderly, should be started at 0.125 mg/
day, which can be up-titrated if necessary. Updated dosing
nomograms have been published in light of the recognized
benefits of digoxin at lower serum concentrations, and they
may be useful to clinicians in selecting appropriate an ap-
propriate digoxin dose.110 After dosing has continued for
a sufficient period for serum concentration to reach steady
state (typically 5 daily doses), some clinicians consider the
measurement of a SDC, especially in elderly patients or
those with impaired renal function where the digoxin
dose often is not predictive of SDC. SDC measurements
may be considered when (1) a significant change in renal
function occurs; (2) a potentially interacting drug (amiodar-
one, quinidine, verapamil, itraconazole, erythromycin, clar-
ithromycin, ritonavir, propafenone, or cyclosporine, and
others) is added or discontinued; or (3) confirmation of sus-
pected digoxin toxicity is necessary in a patient with signs/
symptoms or electrocardiogram changes consistent with
this diagnosis. Samples for trough SDC should be drawn
more than 6 hours after dosing; otherwise, the result is dif-
ficult to interpret because the drug may not be fully distrib-
uted into tissues.

Recommendations

7.31 Digoxin should be considered for achieving ade-
quate control of the ventricular response to atrial
fibrillation in patients with HF. (Strength of Evi-
dence 5 B)

7.32 High doses of digoxin (maintenance dose O0.25
mg daily) for the purpose of rate control are not
recommended. (Strength of Evidence 5 C)

Background

Adequate ventricular rate control is important in patients
with atrial fibrillation. During chronic therapy, the recom-
mendations followed in the Atrial Fibrillation Follow-up In-
vestigation of Sinus Rhythm Management (AFFIRM) trial
are a reasonable starting point.111 These recommendations
include: a resting heart rate #80 bpm, an average heart
rate by Holter monitor of #100 bpm, and no heart rate
O110% of the age-predicated maximum or a heart rate
#110 bpm during a 6-minute walk test. Digoxin alone is
often inadequate to control ventricular response in patients
with atrial fibrillation. Digoxin slows ventricular response
to atrial fibrillation through enhancement of vagal tone.
However, with exertion or other increases in sympathetic
activity, vagal tone may diminish and ventricular rate accel-
erate. Addition of a beta blocker complements the pharma-
cologic action of digoxin and improves rate control. When
beta-adrenergic blockers cannot be used, amiodarone has
been used by some physicians, but chronic use has poten-
tially significant risks, including thyroid disease and lung
toxicity. If amiodarone is added, the dose of digoxin should
be reduced by half and the SDC should be monitored to
maintain the serum concentration in the desired range.
Short-term, intravenous administration of diltiazem or
amiodarone has been used for the acute treatment of pa-
tients with very rapid ventricular response, especially if
the rapid rate is felt to be contributing to hemodynamic
compromise. The negative inotropic effects of nondihydro-
pyridine calcium channel blockers (diltiazem and verapa-
mil) must be considered if these agents are used. Digoxin
does not lower blood pressure; thus, it may be particularly
valuable when hypotension from other agents is a concern.

Although digoxin continues to play a role in some pa-
tients with HF and atrial fibrillation, the traditional practice
of arbitrarily increasing the dose and SDC of digoxin until
ventricular response is controlled should be abandoned, be-
cause the risk of digoxin toxicity increases as well.

Anticoagulation and Antiplatelet Drugs

Recommendation

7.33 Treatment with warfarin (goal international nor-
malized ratio [INR] 2.0-3.0) is recommended for
all patients with HF and chronic or documented
paroxysmal, persistent, or long-standing atrial
fibrillation (Strength of Evidence 5 A) or a history
of systemic or pulmonary emboli, including
stroke or transient ischemic attack (Strength of
Evidence 5 C), unless contraindicated.

Background

Patients with HF are recognized to be at increased risk
for arterial or venous thromboembolic events. In addition
to atrial fibrillation and poor ventricular function, which
promote stasis and increase the risk of thrombus formation,
patients with HF have other manifestations of hypercoagu-
lability. Evidence of heightened platelet activation, in-
creased plasma and blood viscosity, and increased plasma
levels of fibrinopeptide A, beta-thromboglobulin, D-dimer,
and von Willebrand factor have been found in many
patients.112e114 Despite a predisposition, estimates



e88 Journal of Cardiac Failure Vol. 16 No. 6 June 2010
regarding the incidence of thromboemboli in patients with
HF vary substantially between 1.4% and 4.2% per 100 pa-
tient years.115e117 Although variability in the reported inci-
dence likely results from differences in the populations
studied and the methodology used to identify these events,
the consensus is that pulmonary and systemic emboli are
not common in HF patients in sinus rhythm. Traditionally,
discussion of anticoagulation in patients with HF has cen-
tered on warfarin. Antiplatelet agents are often used in pa-
tients with HF from ischemic heart disease.

Previous guidelines have recommended warfarin antico-
agulation in patients with HF complicated by atrial fibrilla-
tion or prior thromboembolic events.118 Warfarin
anticoagulation was specifically not recommended in pa-
tients with HF in the absence of these indications.

Recommendations regarding warfarin use, in the absence
of atrial fibrillation or clinically overt systemic or pulmo-
nary thromboemboli, must be made on the basis of cohort
data and expert opinion. The likely incidence of thrombo-
embolic events and the possibility of averting them with
warfarin are important considerations for any guideline rec-
ommendation. In addition, the potential beneficial effects of
warfarin on coronary thrombotic events, independent of
embolic phenomena, must be taken into account. The sub-
stantial clinical trial data reflecting the beneficial effects of
antiplatelet therapy in patients with ischemic heart disease
suggest that the role of this therapy in patients with reduced
LVEF should be addressed.

Previous guideline recommendations have been positive
concerning warfarin therapy in patients with HF compli-
cated by atrial fibrillation, a common clinical presentation.
The benefit of warfarin anticoagulation in this setting is
well established through several randomized trials.119 War-
farin anticoagulation should be implemented in these pa-
tients unless clear contraindications exist.
Recommendation

7.34 It is recommended that patients with symptomatic
or asymptomatic ischemic cardiomyopathy and
documented recent large anterior MI or recent
MI with documented LV thrombus be treated
with warfarin (goal INR 2.0-3.0) for the initial 3
months post-MI (Strength of Evidence 5 B) un-
less contraindicated.

Other patients with ischemic or nonischemic car-
diomyopathy and LV thrombus should be consid-
ered for chronic anticoagulation, depending on the
characteristics of the thrombus, such as its size,
mobility, and degree of calcification. (Strength of
Evidence 5 C)

Background

LV thrombus is a frequent finding in patients with dilated
dysfunctional ventricles, especially in patients who have
suffered a large anterior MI, although the incidence appears
to be declining with modern therapies.120e122 LV thrombus
is associated with thromboembolism, especially cerebral
embolism.123e125 Two-thirds of these embolic events occur
in the first week after MI.124,125 When LV mural thrombus
is present, anticoagulation does appear to reduce the inci-
dence of subsequent embolic events.123 There are no ran-
domized trials of anticoagulation for LV thrombus, but
the data presented have led to a recommendation for
short-term (3 months) anticoagulation in patients with
a large anterior MI and wall motion abnormality or in pa-
tients with LV thrombus.126

Background

Cohort analyses examining the relationship between war-
farin use and noncoronary thromboembolism in patients
with HF have not yielded consistently positive
findings.115,117,127e130 It is possible that the lack of consis-
tent benefit was related to the low incidence of identifiable
embolic events in these populations. Other retrospective
evaluations of the use of anticoagulation in patients with
HF have also yielded conflicting results.131e133 Thrombo-
embolic events were not different in HF patients who
were taking warfarin as compared to those who were not
in several retrospective analyses.117,134,135 Warfarin was as-
sociated with a reduction in cardiovascular events and death
in a retrospective analysis of the Studies of Left Ventricular
Dysfunction (SOLVD) studies,136 whereas no difference in
antiplatelet or anticoagulant therapy were observed in an-
other analysis.137

A recent review suggested that anticoagulation with war-
farin in patients with HF reduced death and cardiovascular
events but that the data were insufficient to recommend rou-
tine use.138 Two prospective randomized trials of anticoa-
gulation have been published since that review but both
were underpowered. The Warfarin/Aspirin Study in Heart
Failure (WASH) randomized 279 patients with HF to war-
farin (INR target 2.5), 300 mg aspirin, or no treatment.139

There were no differences in the combined primary out-
comes of death, MI, or stroke. However, significantly
more patients randomized to aspirin were hospitalized for
ADHF or serious adverse gastrointestinal events.

In the Warfarin and Antiplatelet Therapy in Chronic
Heart Failure (WATCH) trial, patients with symptomatic
HF and reduced LVEF were randomized to aspirin 162
mg/day, clopidogrel 75 mg/day, or open-label warfarin to
achieve an INR of 2.5 to 3.140 The primary endpoint of
the study was the composite of all-cause mortality, non-
fatal MI, and non-fatal stroke. The majority of patients
had an ischemic etiology of HF, although the study popu-
lation was not limited to patients with coronary artery dis-
ease. There were no statistically significant differences in
the primary endpoint for warfarin versus aspirin, for clopi-
dogrel versus aspirin, or for warfarin versus clopidogrel.140

However, as in WASH, fewer patients randomized to war-
farin were hospitalized for HF. A recent retrospective
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analysis of 290 patients with HF and LVEF !35% and id-
iopathic dilated cardiomyopathy reported an odds ratio of
3.4 (P 5 .027) for stroke in those with LV thrombus but
no difference in mortality.141 In the absence of strong
data, the decision to anticoagulate must be an individual
one. There are insufficient data for or against the use of
warfarin in patients with dilated cardiomyopathy and
LVEF #35%.

The analysis of the SOLVD population mentioned above
focused on the relation between warfarin use and the risk of
all-cause mortality rather than risk for embolic events.136

After adjustment for baseline differences, patients treated
with warfarin at baseline had a 24% lower risk of mortality
during follow-up. Warfarin use also was associated with an
18% reduction in the combined endpoint of death or hospi-
talization for HF. In the SOLVD population, the benefit as-
sociated with warfarin use was not significantly influenced
by (1) presence or absence of symptoms, (2) randomization
to enalapril or placebo, (3) gender, (4) presence or absence
of atrial fibrillation, (5) age, (6) LVEF, (7) NYHA class, or
(8) etiology.

The benefit associated with warfarin use in the cohort anal-
ysis of the SOLVD population was related to a reduction in
cardiac mortality. Specifically, there was a significant reduc-
tion among warfarin users in deaths that were identified as
sudden, in deaths associated with HF, and in fatal MI There
was no significant difference in deaths considered cardiovas-
cular but non-cardiac, including pulmonary embolism and
fatal stroke. Some caution is needed related to this finding
as the number of cardiovascular deaths that were non-
cardiac was far smaller than the number of cardiac deaths.

Reduction in ischemic events is one potential explanation
for the apparent benefit from warfarin in the SOLVD study.
Warfarin users showed a reduced rate of hospitalization for
unstable angina or nonfatal MI. Prior investigations in pa-
tients following acute MI showed that warfarin anticoagula-
tion, when begun within 4 weeks, reduced the incidence of
fatal and non-fatal coronary events, as well as pulmonary
emboli and strokes.139

As with other post-hoc cohort analyses, it is possible that
the findings from the SOLVD study may result from un-
identified differences between the treatment groups, for
which statistical correction could not adequately adjust.
For this reason, evidence from any cohort study must be
considered less powerful than that derived from random-
ized, controlled trials.
Recommendations

7.35 Long-term treatment with an antiplatelet agent,
generally aspirin in doses of 75 to 81 mg, is recom-
mended for patients with HF due to ischemic car-
diomyopathy, whether or not they are receiving
ACE inhibitors. (Strength of Evidence 5 B)

Warfarin (goal INR 2.0-3.0) and clopidogrel (75
mg) also have prevented vascular events in post-
MI patients and may be considered as alternatives
to aspirin. (Strength of Evidence 5 B)

7.36 Routine use of aspirin is not recommended in pa-
tients with HF without atherosclerotic vascular
disease. (Strength of Evidence 5 C)

Background

Combined Use of Aspirin and an ACE Inhibitor.
Strong evidence supports the clinical benefit of both aspirin
and ACE inhibitors in ischemic heart disease and athero-
sclerosis.142-145 However, post-hoc analyses of large
randomized trials involving ACE inhibitors in HF and
post-MI have raised the possibility of an adverse drug
interaction between aspirin and ACE inhibitors.146

It is critical to understand the possible nature of the ad-
verse interaction raised by these retrospective analyses. Be-
cause both aspirin and ACE inhibitors are beneficial in
ischemic heart disease, patients taking both agents might
be expected to do better than patients on either agent alone.
However, if the 2 drugs have similar mechanisms of action,
then additive benefit would not be expected. Another possi-
bility is that one drug might antagonize the effects of the
other, resulting in reduced benefit from the combination.

Post-MI. Early work concerning the nature of the interac-
tion in ischemic heart disease, using data from the Coopera-
tive New Scandinavian Enalapril Survival Study II
(CONSENSUS II) and the Global Utilization of Streptoki-
nase and Tissue Plasminogen Activator for Occluded Coro-
nary Arteries (GUSTO-1) studies in post-MI patients,
suggested not only lack of additive benefit, but also the pos-
sibility of a negative effect on mortality from the combination
of aspirin and ACE inhibition. A large-scale meta-analysis of
patients after acute MI failed to confirm an adverse interac-
tion, with evidence of significant benefit from ACE inhibition
in patients taking and not taking aspirin.147 However, the
point estimate for the reduction in mortality in patients taking
the combination of aspirin and ACE inhibition, whereas not
statistically less than for aspirin alone, was lower, providing
no support for additive benefit from the 2 drugs.

Heart Failure. A retrospective cohort analysis of the
SOLVD study found that patients on antiplatelet therapy
(assumed to be aspirin in the great majority of cases) de-
rived no additional survival benefit from the addition of
enalapril.146 Other studies have shown no clear evidence
of harm from the combination of aspirin and ACE inhibi-
tors in patients with HF.148

Relationship to Dose. There is also some evidence that
the potential interaction between aspirin and ACE inhibitor
may be dose-related. A meta-analysis of all hypertension
and HF patients who have received both aspirin and ACE
inhibitors suggests that aspirin at doses #100 mg did not
interact with ACE inhibitors.149 Any interaction, if
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observed, occurred at higher doses of aspirin. A more re-
cent meta-analysis could not confirm or exclude a modest
effect of aspirin on the benefits of ACE inhibitors.147

A potential mechanism for the hypothesized adverse in-
teraction between aspirin and ACE inhibitors in patients
with HF involves prostaglandin synthesis. ACE inhibition
is felt to augment bradykinin, which in turn stimulates
the synthesis of various prostaglandins that may contribute
vasodilatory and other salutary effects. In the presence of
aspirin, the bradykinin-induced increase in prostaglandins
should be attenuated or blocked, potentially reducing the
benefits of ACE inhibition. Invasive hemodynamic monitor-
ing has demonstrated that the acute hemodynamic effect of
enalapril is blunted by concomitant administration of aspi-
rin.150 Another possibility is that aspirin and ACE inhibitors
act in a similar fashion in HF so that no added benefit is
gained from the combination. ACE inhibitors appear to re-
duce ischemic events in HF patients possibly through an-
tithrombotic effects, which could mimic those of
antiplatelet agents. Recent study results suggesting that as-
pirin may have independent beneficial action on ventricular
remodeling support the hypothesis of similar mechanisms
of action for ACE inhibitors and aspirin.151

Development of the adenosine diphosphate antagonists,
ticlopidine and clopidogrel, provide alternative therapy
for platelet inhibition that does not appear to influence pros-
taglandin synthesis.152 In direct comparison with aspirin,
large-scale clinical trial results have established the efficacy
of clopidogrel in the prevention of vascular events in pa-
tients with arteriosclerotic disease.153 In WATCH, there
were no statistically significant differences in death, MI,
or stroke for warfarin versus aspirin, for clopidogrel versus
aspirin, or for warfarin versus clopidogrel.140 A hemody-
namic study found a similar reduction in systemic vascular
resistance in HF patients treated with the combination of
ACE inhibitor and ticlopidine versus ACE inhibitor alone,
suggesting no adverse hemodynamic interaction between
ACE inhibition and this type of antiplatelet compound.154

Definitive resolution of the therapeutic implications of the
aspirin-ACE inhibitor interaction and determination of al-
ternative therapy, if any, in HF awaits the results of addi-
tional studies.
Amiodarone Therapy

Recommendation

7.37 Antiarrhythmic agents, including amiodarone,
are not recommended for the primary prevention
of sudden death in patients with HF. (Strength of
Evidence 5 A)

Background

Ventricular arrhythmias are common in HF patients, and
sudden cardiac death continues to account for a significant
proportion of the mortality in this syndrome. Sudden death
in HF may arise from a variety of causes, including bradyar-
rhythmias, conduction disturbances, electromechanical dis-
sociation, acute MI, or pulmonary embolus. However, the
majority of these deaths are thought to be due to ventricular
tachyarrhythmias. Therefore, there has been considerable in-
terest in the potential role of antiarrhythmic drug therapy in
patients with HF.155 Randomized, placebo controlled trials
of antiarrhythmic drug therapy for ventricular arrhythmias
or atrial fibrillation has not been shown to improve survival
in HF.5,155e157 The frequency of ambient ventricular ectopic
activity is a marker for disease severity. Suppression of ven-
tricular ectopy with amiodarone does not improve sur-
vival.155,157 Many antiarrhythmic drugs have adverse
hemodynamic effects sufficient to have negative conse-
quences in patients with HF. Patients with HF are at higher
risk for proarrhythmic effects of antiarrhythmic agents. The
major role for the use of these agents in HF is to reduce recur-
rences of symptomatic arrhythmias, usually in patients who
have an implanted cardioverter defibrillator (ICD).158

Amiodarone blocks multiple cardiac ionic currents and
has activity against ventricular and atrial arrhythmias, as
well as slowing the sinus rate and the ventricular response
to atrial fibrillation. Bradycardia is the major proarrhythmic
effect, but the potential for multiple noncardiac toxicities
(pulmonary, thyroid, liver, neurologic) require ongoing
monitoring, and multiple potential drug interactions often
require consideration. Amiodarone therapy has not been
shown to improve mortality in randomized placebo con-
trolled trials.155,157 The Sudden Cardiac Death in Heart
Failure Trial (SCD-HeFT) tested the hypothesis that either
amiodarone or an ICD, or both, improve survival compared
with placebo in patients with NYHA Class II or III HF and
LVEF !35% of ischemic or nonischemic etiology.155 A to-
tal of 2521 patients were randomly assigned to ICD, amio-
darone, or placebo. The patients were well treated: 87%
were on ACE inhibitors or ARBs and 78% were on beta
blockers at last follow-up. ICD, but not amiodarone im-
proved mortality compared to placebo (Section 9).

Amiodarone was compared to placebo in a smaller
double-blind, randomized trial that enrolled 674 patients
with a mean age of 66 years. The majority (56%) had
NYHA class II symptoms, and their mean LVEF 5

26%.157 No differences were observed in all-cause or car-
diac mortality or sudden death rates between the amiodar-
one and placebo groups. Another small randomized trial
did suggest a beneficial effect of amiodarone, but there
were significant limitations in the design and conduct of
this trial. Treatment assignment was randomized, but not
double-blind or placebo-controlled. The trial was discontin-
ued prematurely when a 28% reduction was observed in all-
cause mortality, the primary endpoint. Although not strictly
involving HF patients, 2 post-MI trials found no benefit of
amiodarone on mortality.159,160

A retrospective analysis of the COMET trial evaluated
mortality among patients receiving amiodarone at base-
line.161 Patients who were treated with amiodarone at base-
line had a higher risk of death due to circulatory failure
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during follow-up than those who did not receive amiodar-
one, irrespective of functional class (HR 2.4, 95% CI
1.9e3.1, P!.001). Amiodarone was not associated with
an increased risk of sudden death in this analysis.161

Amiodarone has significant long term toxicities, includ-
ing lung, liver, and thyroid toxicity such that periodic mon-
itoring is required during long term therapy. The most
common cardiac adverse effect is bradycardia which can
be potentiated by beta-adrenergic blockers. Bradycardia
may also increase RV pacing from defibrillators which
may have an adverse hemodynamic effect in some patients.
Whether these effects contributed to the increased mortality
observed in the subgroup of patients with more severe
(NYHA Class III) HF in SCD-HeFT is not known.

Therapy with Vaughn Williams Class I drugs (quinidine,
disopyramide, mexiletine, flecainide, propafenone) should
be avoided. Flecainide has been shown to increase mortality
when administered to patients with prior MI.162 These agents
have been linked to increased mortality in HF patients with
atrial fibrillation.163 Potential adverse effects can include
a negative inotropic effect of sodium channel blockade and
proarrhythmic effects. The Class III potassium channel
blocking agents sotalol and dofetilide have not been shown
to improve mortality in HF and are associated with a risk of
proarrhythmia (most often the polymorphic ventricular
tachycardia torsade de pointes, associated with QT prolonga-
tion). Impaired renal function that reduces excretion of these
drugs and diuretic induced hypokalemia increase the proar-
rhythmia risk. The d-isomer of sotalol (d-sotalol) increased
mortality in survivors of MI.164 A randomized trial of dofeti-
lide in patients with ventricular dysfunction found no benefit
on mortality, although hospitalizations were reduced, possi-
bly due to decreased atrial fibrillation.165 A significant inci-
dence of torsade de points was noted, despite precautions
to exclude patients with renal insufficiency and other risk fac-
tors for QT prolongation.

Dronedarone blocks multiple cardiac ionic currents, and
it has been shown to have activity to reduce atrial fibrilla-
tion and to reduce the ventricular response in atrial fibril-
lation when it recurs. Efficacy appears to be less than for
amiodarone.166 It reduces tubular secretion of creatinine,
increasing serum creatinine. A study in patients with HF
and LVEF !35% was terminated early due to an two
fold increased mortality in patients treated with dronedar-
one.167 The FDA approval states that dronedarone is con-
traindicated in patients with Class IV HF or those with
Class II or III HF who have had a recent HF decompensa-
tion.

Recommendations

7.38 In patients with HF and an ICD, amiodarone may
be considered to reduce the frequency of recur-
rent symptomatic arrhythmias causing ICD
shocks. (Strength of Evidence 5 C)

7.39 It is recommended that when amiodarone therapy
is initiated, the potential for interactions with other
drugs be reviewed. The maintenance doses of di-
goxin, warfarin, and some statins should be re-
duced when amiodarone is initiated and then
carefully monitored. Adjustment in doses of these
drugs and laboratory assessment of drug activity
or serum concentration after initiation of amiodar-
one is recommended. (Strength of Evidence 5 A)

7.40 Routine use of amiodarone therapy for asymp-
tomatic arrhythmias that are not felt to contribute
to HF or ventricular dysfunction is not recom-
mended. (Strength of Evidence 5 B)

Background

Amiodarone therapy modifies the pharmacokinetics of
a number of drugs commonly used in patients with HF. In
particular, it may substantially enhance the actions of di-
goxin and warfarin, with the definite potential of adverse
clinical consequences. In general, the digoxin dose should
be reduced by half, but follow-up determination of SDC
is desirable to ensure a concentration of 0.5-0.9 ng/mL.
The warfarin dose should be adjusted to maintain the INR
target for the individual patient. Even after amiodarone is
discontinued, these pharmacokinetic interactions can per-
sist for months due to its long half-life. Since amiodarone
also has beta-blocking properties, substantial bradycardia
may occur with this combination of drugs. Amiodarone is
not recommended for asymptomatic arrhythmias or those
not causing HF due to the multiple drug-drug interactions
and the serious side effect profile.

Polyunsaturated Fatty Acids

Recommendation

7.41 n-3 polyunsaturated fatty acids (PUFA) may be
considered to reduce mortality in HF patients
with NYHA class II-IV symptoms and reduced
LVEF. (Strength of Evidence 5 B)

Background

n-3 polyunsaturated fatty acids (PUFA) have been asso-
ciated with lower mortality after MI, primarily from a re-
duction in sudden cardiac death.168 In the GISSI-
Prevenzione trial, 3-year treatment with low-dose n-3
PUFA was associated with a significant reduction of total
mortality (21%) in patients who survived a recent MI. In
the published design paper for the subsequent GISSI-HF
trial, the authors described the results of an unpublished,
post-hoc analysis of the GISSI-Prevenzione trial, showing
that in nearly 2000 post-infarction patients with LV dys-
function enrolled in the trial, the effects of n-3 PUFA on
all-cause and sudden mortality were similar to those ob-
served in the overall trial population.169 A single random-
ized controlled trial, the Italian GISSI-HF trial, has been
conducted with n-3 PUFA in the HF population.170 Patients
with NYHA Class IIeIV symptoms and LVEF !40% were
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enrolled. Patients with LVEF $40% were also eligible, pro-
vided they had been hospitalized for HF at least once in the
preceding year (accounted for 9% of the total population).
Patients were randomized to either 1 g/day of PUFA
(850e882 mg eicosapentaenoic acid and docosahexaenoic
acid as ethyl esters in the average ratio of 1:1.2) or match-
ing placebo. The primary endpoints were time to death, and
time to death or cardiovascular hospitalization. A total of
3494 patients were enrolled in the n-3 PUFA group and
3481 in the placebo group. All cause mortality was 27%
in the n-3 PUFA group and 29% in the placebo group (ad-
justed HR 0.91, 95.5% CI 0.833e0.998, P50.041). All-
cause death or cardiovascular hospitalization occurred in
57% of the n-3 PUFA treated patients and 59% of the pla-
cebo group (adjusted HR 0.92, 99% CI 0.849e0.999,
P50.009). Patients were receiving standard medical ther-
apy for HF, with 93% on ACE-inhibitors or ARBs, 65%
on beta blockers, and approximately 40% on spironolac-
tone. N-3 PUFA was generally well tolerated, with gastro-
intestinal complaints being the most commonly reported
adverse effect in both groups.170 The therapy is not widely
adopted, but it may be considered as an adjunctive therapy
in patients with chronic HF.
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