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Abstract

Heart failure due to a decline in cardiac performance initiates compensatory
neurohormonal mechanisms in an effort to maintain systemic perfusion. Ongo-
ing neurohormonal activation may have deleterious consequences for cardiac
performance, ventricular remodeling, myocardial function, and heart failure
progression. The fundamental objective of modern medical therapy for heart
failure is to relieve symptoms (largely through relief of volume overload)
and to stall (or even reverse) disease progression through combined utiliza-
tion of neurohormonal antagonists that help to restore normal hemodynamics,
maintain normal plasma volume, and prevent ventricular enlargement. This
chapter focuses on the key elements of medical therapy for heart failure.
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1. INTRODUCTION

Heart failure begins from a primary myocardial injury (for example,
myocardial infarction) that precipitates a decline in cardiac performance and
initiates a variety of compensatory neurohormonal mechanisms in an effort
to maintain systemic perfusion. Chief among these mechanisms is activa-
tion of the renin—angiotensin—aldosterone system (RAAS) and sympathetic
nervous system (SNS) which promotes salt and water retention as well as
peripheral vasoconstriction that helps to increase plasma volume, restore
cardiac output, and preserve mean arterial pressure. While beneficial in the
short term, ongoing neurohormonal activation generates sustained increases
in ventricular preload and afterload that may have deleterious consequences
for cardiac performance, fueling a vicious cycle of ventricular remodeling,
further decline in myocardial function, additional neurohormonal activation,
and heart failure progression. The fundamental objective of modern med-
ical therapy for heart failure is to relieve heart failure symptoms (largely
through relief of volume overload) and to stall (or even reverse) this cycle
of myocardial remodeling and heart failure progression through combined
utilization of neurohormonal antagonists that help to restore normal hemo-
dynamics, maintain normal plasma volume, and prevent ventricular enlarge-
ment. Our focus in this chapter will be on the key pharmacologic elements
of this approach, highlighting the evidence supporting the utilization of dig-
italis glycosides, diuretics, RAAS antagonists, other vasodilators, and beta-
blockers in the management of patients with chronic heart failure. It should
be noted that medical therapy for heart failure described in this chapter
applies to patients with heart failure with decreased (<40%) systolic ejec-
tion fraction (EF), including patients with ischemic heart disease and idio-
pathic dilated cardiomyopathy. Currently, there are few large-scale trials that
inform the management of the syndrome of heart failure with preserved sys-
tolic function (i.e., diastolic heart failure); thus, we limit the scope of this
chapter to only those patients with demonstrated systolic dysfunction.

2. DIGITALIS GLYCOSIDES

Digitalis and its derivatives have been used in the therapy of heart fail-
ure dating to William Withering’s description of the use of foxglove in 1785
(1). Digoxin is the prototypical drug in this class, and the only one cur-
rently in widespread use. By reversibly inhibiting Na*/K* ATPase pump in
the cell membrane of the cardiac myocyte, digoxin increases intracellular
Na* and potentiates calcium influx via the membrane-associated Na*/Ca*
exchanger. Enhanced cytosolic calcium in turn enhances calcium loading of
the sarcoplasmic reticulum, increasing calcium release during systole and
enhancing the force of myocyte contraction. As well, digoxin has important
effects on the autonomic nervous system, including a vagotonic property
that accounts for its slowing of heart rate and slowing of conduction velocity
through the atrioventricular node, and a sympatholytic effect resulting from
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diminished sensitivity of carotid baroreceptors. As it is a relatively weak
inotropic agent in the doses utilized in clinical practice, the primary mecha-
nism of digoxin benefit in heart failure patients is thought to be related to its
ability to modulate the activity of the autonomic nervous system and to limit
downstream activation of the renin—angiotensin—aldosterone system (2, 3).
Extensive evidence from randomized clinical trials exists to support the
use of digoxin for relief of symptoms in patients with chronic heart fail-
ure, though there is no evidence of an impact on cardiovascular mortality.
The Randomized Assessment of Digoxin on Inhibitors of the Angiotensin-
Converting Enzyme Study (RADIANCE) randomly assigned 178 patients
to continued digoxin therapy or digoxin withdrawal. The study population
was made up of patients with NYHA class II-III heart failure and sinus
rhythm, who were clinically stable on a regimen of digoxin, diuretics, and
an ACE inhibitor. The result was a sixfold (RR 5.9, 95% CI 2.1-17.2) excess
in worsening heart failure symptoms when digoxin was withdrawn from
these otherwise stable patients (4). These results were extended by the Digi-
talis Investigators Group (DIG) trial, which prospectively randomized 6800
patients with mild—-moderate heart failure (54% class II and 31% class III)
to standard medical therapy with or without digoxin. In this trial, patients
randomized to digoxin experienced a 28% reduction in the risk of hospital-
ization for heart failure and an 8% relative risk reduction in all-cause hospi-
talization, but no difference in mortality relative to those assigned to placebo
(Fig. 1). Although there was a trend toward fewer deaths from progressive
pump failure in the digoxin group, this benefit was offset by deaths related to
arrhythmia and coronary disease. Subgroup analysis suggested that patients
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Fig. 1. Major outcomes in the Digitalis Investigators Group (DIG) Trial. Patients
randomized to digoxin in the DIG trial experienced reductions in the risk of heart
failure and all-cause hospitalizations but not mortality when compared to patients
assigned to placebo.
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with more advanced heart failure (class III, very low EF) derived a larger
benefit from digoxin (5).

The primary limitation to utilization of digoxin in heart failure patients
is its narrow therapeutic index and its interaction with many other drugs
that are commonly utilized in this population (Table 1). Digoxin toxic-
ity is a potentially lethal complication characterized by atrial and ventric-
ular arrhythmias, vomiting, visual disturbances, confusion, and potassium
abnormalities that may be challenging to manage despite the availability
of an antidote. The toxic effects of digoxin are more common in the set-
ting of active ischemia, electrolyte disturbance, or hypothyroidism and may
not be accurately predicted by the measured serum digoxin concentration.
However, post hoc analyses of the DIG trial have suggested an increase
in mortality in patients with plasma digoxin levels greater than 0.8 ng/mL
(6). Another post hoc analysis of the DIG trial suggested excess mortality
in women in the digoxin-treated group (HR 1.23, p = 0.014) but was not
adjusted for plasma digoxin level (7); subsequent analysis that accounted
for digoxin level failed to find this association (8). Since the salutary effect
of digoxin on ventricular function and neuroendocrine activation is evident

Table 1

Potential drug interactions with digoxin

Mechanism of digoxin

Drug interaction Result
Non-potassium-sparing ~ Hypokalemia and/or Increased risk of
diuretics hypomagnesemia arrhythmias
Intravenous calcium Increased myocyte calcium Increased risk of
arrhythmias
Quinidine, verapamil, Reduced digoxin clearance Increased serum digoxin
amiodarone, propafenone, concentration
spironolactone
Macrolides, tetracycline ~ Decreased intestinal digoxin Increased serum digoxin
metabolism and resultant concentration
increase in digoxin
absorption
Antacids, bran, Decreased digoxin Decreased serum
cholestyramine, absorption digoxin concentration
metoclopramide,
neomycin
Thyroid medications Increased metabolic state Decreased serum
digoxin concentration
Beta-blockers, Decreased sinoatrial or Increased risk of
non-dihydropyridine atrioventricular node bradyarrhythmias and
calcium channel blockers, conduction heart block

flecainide
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even at lower serum concentrations (0.5-1.0 ng/mL) (9), efforts should be
made to maintain serum digoxin concentrations <1.0 ng/mL and to avoid
up-titration of digoxin dose for heart rate control, even in patients with atrial
fibrillation.

Practically speaking, the use of digoxin is no longer mandated in heart
failure and this was reflected in the guidelines which downgraded digoxin
from a class I to a class Ila recommendation. In the language of the
ACC/AHA guidelines, digoxin may be considered for persistent heart fail-
ure symptoms in patients already receiving therapy with diuretics, ACE;,
and beta-blockers. In light of the results of RADIANCE and other digoxin
withdrawal studies (/0), it is not recommended that digoxin be withdrawn
from patients unless they are taking an ACEi and a beta-blocker (/7).

3. DIURETIC THERAPY FOR HEART FAILURE

Diuretics play an essential role in the medical management of heart fail-
ure patients. By interfering with the kidney’s ability to reabsorb sodium,
diuretics reduce extracellular fluid volume and rapidly relieve symptoms of
congestion. There is universal acknowledgement of their utility in improv-
ing symptoms and functional capacity; however, increasing evidence sug-
gests that diuretics may have detrimental vascular, hemodynamic, and neu-
rohormonal effects. The net impact of diuretics on mortality in heart failure
patients remains unknown, largely due to the ethical and practical consider-
ations precluding conduct of a randomized, controlled clinical trial.

Diuretics are commonly classified by their site of action within the
nephron, which is the primary determinant of their effect on the filtered
sodium load (/2) (Fig. 2). Agents active in the proximal tubule, such as
carbonic anhydrase inhibitors (e.g., acetazolamide), are relatively ineffec-
tive natriuretic agents, since most of the sodium that escapes the proximal
tubule is reabsorbed downstream in the loop of Henle. As well, these agents
tend to enhance urinary bicarbonate loss, generating a metabolic acidosis
that lessens their efficacy. As a consequence, carbonic anhydrase inhibitors
are used infrequently in the management of heart failure patients. By con-
trast, loop-type diuretics, of which furosemide is a prototypical agent, are
the cornerstone of heart failure therapy. These agents inhibit the Na*2CI"K*
co-transporter at the thick ascending limb of the loop of Henle and are
extremely effective natriuretic agents, capable of increasing the fractional
excretion of sodium (FENA) to 25% of the filtered sodium load. Thiazide-
type diuretics (e.g., hydrochlorothiazide, metolazone) inhibit the Na*CI~ co-
transporter in the distal convoluted tubule, and when used alone, they are
associated with only a modest natriuretic effect (5-8% of filtered sodium
load, 1/5-1/3 potency compared to loop diuretics). However, when used
in combination with loop diuretics, they are a potent tool for enhancing
natriuresis and diuresis, a property which is frequently exploited for the
management of patients with refractory volume overload. Potassium-sparing



34 N.K. Lakdawala and A. Desai

Thiazides
Inhibit reabsorption of C1-Na
in the distal tubule

b K-sparing

Inhibit reabsorption of Na and K
LOOP of Henle secretion in the collecting tubule

—- ] 00p diuretics

Inhibit absorption of CI-Na-K in

Me du lla the thick ascending

loop of Henle

Cortex

Collecting tubule

Fig. 2. Diuretics typically used in the treatment of heart failure: mechanism of
action.

diuretics (e.g., spironolactone, triamterene, amiloride) inhibit sodium reab-
sorption either by inhibiting synthesis or by directly blocking the epithelial
sodium channel in the principal cells of the collecting duct. These agents are
weak natriuretic and diuretic agents, but may be useful as adjunctive agents
to stem urinary potassium losses and prevent hypokalemia in patients receiv-
ing loop diuretics. The mineralocorticoid receptor antagonist spironolactone
is a special case, as it is the only diuretic agent demonstrated to improve
mortality in patients with advanced heart failure (see separate discussion
below).

To be effective, diuretics must be delivered to their active sites in the renal
tubule at the threshold concentration necessary to elicit a natriuretic response
(13). Loop diuretics exhibit a characteristic sigmoidal dose-response curve;
this implies that for any given patient, the diuretic dose must be titrated
to a therapeutic concentration before any significant diuretic effect can be
achieved, and that beyond a certain “ceiling” dose, no further natriure-
sis will occur. In patients with congestive heart failure, the normal dose—
response to loop diuretics is disturbed, and the maximal achievable sodium
excretion is limited. This may be due in part to diminished renal blood
flow (as a consequence of decreased cardiac output), which reduces the
filtered sodium load, and as well to enhanced proximal tubule reabsorp-
tion of sodium in the face of sustained SNS and RAAS activation. Fur-
ther, in the face of prolonged exposure to loop diuretics, there is hyper-
trophy of the distal tubule with resultant increase in sodium reabsorption
(diuretic “resistance”). This can lead to a decrease in loop diuretic respon-
siveness and is occasionally remediable with the addition of a diuretic
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active in the distal tubule (e.g., thiazide). Intrinsic renal disease and pro-
gressive renal failure often further complicate the management of heart
failure patients since even with optimal dosing and combination diuretic
therapy, the maximal sodium excretion in response to full-dose diuretic
may be limited to as little as 25 mmol of sodium excretion (300—400 cc of
urine).

The effects of diuretics are not limited to an increase in sodium excre-
tion. Relief of heart failure symptoms in patients receiving furosemide
occurs prior to the onset of diuresis, perhaps due to acute preload reduc-
tion related to venodilation (/4). Despite clear symptomatic benefits, several
studies have shown that RAAS activation is markedly enhanced following
loop diuretic administration with an associated increase in systemic vascu-
lar resistance and decrease in cardiac output. Long-term RAAS activation
may have deleterious effects due to increased systemic vasoconstriction,
enhanced sodium and water retention, and aldosterone-mediated myocar-
dial fibrosis. These impacts on neurohormonal activation may account for
the relationship between loop diuretic dose and mortality seen in both hos-
pitalized heart failure patients (/5) and those with chronic heart failure in
the outpatient setting (/6) though these studies are heavily confounded by
the tight association between loop diuretic requirement and heart failure
severity. Due to the potential adverse effects, however, maintenance diuretic
therapy should be reserved for patients with symptomatic heart failure and
clinical evidence of volume overload.

Choice of a diuretic, dose, and frequency of administration requires
knowledge of the pharmacokinetics of the individual diuretic drugs, includ-
ing the duration of effect and the bioavailability of the individual agents
(Table 2). As it is familiar and inexpensive, furosemide is the most widely
utilized loop diuretic agent, but it is considerably less potent and less
bioavailable orally than bumetanide and torsemide. No large, randomized,
blinded studies comparing different loop diuretics have been conducted to
help inform the choice of one agent over another, although there are some
discernible differences in effects on potassium excretion and neurohormonal
activation that may impact on patient outcomes (/7).

For patients who fail to respond to maximal doses of loop diuretics, com-
bination diuretic therapy, particularly with addition of a thiazide diuretic,
can enhance effective natriuresis due to “sequential blockade” of sodium
reabsorption within the nephron. As well, for hospitalized patients, contin-
uous intravenous infusions of loop diuretics may enhance urine output and
sodium excretion, perhaps due to more constant maintenance of adequate
serum levels. For patients refractory to conventional measures, mechan-
ical fluid removal with ultrafiltration or hemodialysis may be necessary.
A number of additional therapies have been investigated for the diuretic
refractory patient including early ultrafiltration (/8), natriuretic peptides
(e.g., nesiritide) (19), vasopressin receptor antagonists (20), and adenosine
receptor antagonists (21); these therapies are the subject of active, ongoing



36 N.K. Lakdawala and A. Desai

Table 2
Diuretics typically used in the treatment of heart failure
Daily oral dose
_ (mg) Effect on
Initial Maximum Duration Effect serum Oral bio-
dose dose® ofaction on  sodium con- availability

Class (mg) (mg/day) (hours) FENA centration (%)
Loop diuretics
Furosemide 2040 600 6-8 20— Increase 10-100°
Bumetanide 0.5-1.0 10 4-6 25% 80-100
Torsemide 10-20 200 12-16 80-100
Thiazide
diuretics
Chlorthalidone 12.5-25 100 6-12 15-10% Decrease 65-75
HCTZ 25-50 200 6-12 ND
Metolazone 2.5-5 20 12-24 ND

FENA — Fractional excretion of filtered sodium; ND — No reliable data.

4The average starting dose is an increment of one- to twofold of the minimum effective
dose, rarely the maximum dose will be indicated

PThe average bioavailability is ~50% but varies widely.

investigation and have not yet become part of the standard heart failure
armamentarium. For all patients with refractory heart failure, dietary sodium
restriction and limitation of agents which further diminish glomerular fil-
tration (such as non-steroidal anti-inflammatory drugs, NSAIDs) must be
emphasized.

The primary risks associated with diuretics are electrolyte disturbances
(and associated arrhythmias) and hypovolemia, which can be prevented with
careful monitoring. Hypokalemia is the most frequent complication and
may enhance the risk of ventricular arrhythmias and sudden cardiac death.
In fact, in retrospective analyses of large clinical trials (SOLVD), patients
taking non-potassium-sparing diuretics appear to experience a higher risk
of arrhythmic death than those taking potassium-sparing diuretics (22).
However, widespread use of potassium-sparing diuretics such as spirono-
lactone carries its own risk of life-threatening hyperkalemia (23). Careful
monitoring of serum potassium during diuretic therapy is therefore criti-
cally important to maintain normal balance. Hyponatremia is another poten-
tial complication, more commonly observed with thiazide diuretics which
enhance sodium excretion and impair maximal urinary dilution. However,
because diuresis is usually iso-osmotic, true diuretic-induced hyponatremia
is uncommon; most heart failure patients with hyponatremia have free water
excess rather than salt depletion and actually improve with administration of
additional loop diuretics and restriction of free water intake. Though hypo-
magnesemia is also seen commonly in patients receiving chronic loop diuret-
ics, the clinical significance of this is unclear, especially as serum magne-



Chapter 2 / Medical Therapy for Heart Failure 37

sium levels do not reliably assess intracellular magnesium stores. Among
patients with gout, both loop and thiazide-type diuretics appear to increase
the risk of precipitating a flare by two- to threefold (24, 25).

4. VASODILATOR THERAPY

4.1. Angiotensin-Converting Enzyme (ACE) Inhibitors

ACE inhibitors (ACEi) were established as the cornerstone of heart fail-
ure therapy after their efficacy was validated in several large clinical tri-
als in the 1980s and 1990s. The primary action of ACE inhibitors is to
block the conversion of angiotensin I to angiotensin II, attenuating myriad
downstream consequences of RAAS activation (Fig. 3). Through signaling
at the angiotensin type 1 receptor, angiotensin Il promotes myocyte hyper-
trophy and apoptosis, enhances arteriolar tone, stimulates fibroblast and
smooth muscle cell proliferation, and increases circulating levels of nore-
pinephrine and aldosterone. Enhanced activation of the SNS further potenti-
ates systemic vasoconstriction and increases the load on the failing heart. As
has been well described in the post-infarction setting, persistent neurohor-
monal activation leads to maladaptive ventricular enlargement and remod-
eling, which in turn reduce myocardial reserve and enhance vulnerability
to heart failure development. Within the kidney, activation of angiotensin II
and aldosterone stimulates tubular reabsorption of salt and water, enhancing
circulating plasma volume, and ultimately precipitating heart failure symp-
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Fig. 3. The renin—angiotensin—aldosterone system (RAAS) and its inhibitors:
angiotensin-converting enzyme inhibitors (ACEi), angiotensin receptor blockers
(ARBs), and aldosterone antagonists. ACEi are active by blocking the conversion of
angiotensin I to angiotensin II as well as by blocking the degradation of bradykinin.
The pathologic effects of angiotensin II can be directly antagonized through the
mechanism of selective AT1 blockers (ARBs).
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toms including dyspnea and peripheral edema. Interruption of angiotensin
II generation therefore retards myocardial hypertrophy and fibrosis, while
simultaneously providing hemodynamic benefits to the failing heart by
reducing ventricular preload and afterload (26). ACEi also prevent the break-
down of bradykinin, with additional vasodilatory benefits.

A wealth of clinical trial evidence now supports the benefits of ACE
inhibitors across the spectrum of patients with chronic heart failure, ranging
from patients with asymptomatic left ventricular dysfunction to those with
disabling class IV symptoms (Table 3). The Studies of Left Ventricular Dys-
function (SOLVD) enrolled a broad population of patients (NYHA I-III)
with symptomatic heart failure and LVEF <35% and randomized them to
treatment with enalapril or placebo (27). Over 41 months, enalapril therapy
was associated with a 16% relative risk reduction in all-cause mortality (HR
0.84, p = 0.0036). Patients with asymptomatic LV dysfunction were enrolled
in an ancillary study (SOLVD-Prevention) and derived similar benefits from
enalapril therapy (HR for death or HF with enalapril 0.80, p <0.001 relative
to placebo). The Cooperative North Scandinavian Enalapril Survival Study
(CONSENSUS) extended the benefits of ACE inhibition to the population
of patients with advanced heart failure, demonstrating potential for mortality
benefit with enalapril among those with class III-IV heart failure despite a
mortality rate of 52% at 1 year in the placebo arm (28). In that study, overall
mortality was reduced by 31% in the group treated with enalapril (HR 0.69,
95% CI, p = 0.001) largely due to a marked decrement in the incidence of
progressive pump failure.

In addition to chronic heart failure, long-term studies of patients fol-
lowing myocardial infarction (Survival and Ventricular Enlargement: SAVE
(29), Acute Infarction Ramipril Study: AIRE (30), and Trandolapril Cardiac
Evaluation: TRACE (31)) have demonstrated the benefit of ACE inhibitors
in heart failure prevention and mortality reduction. SAVE studied patients
with little or no clinical heart failure, who were enrolled on the basis of a
reduced LVEF (<40%). Among the post-MI ACE:i trials, this was a less sick
group, with an estimated 1-year mortality rate of 11% in the placebo group.
In this study, initiation of captopril 3—16 days after myocardial infarction
was associated with a 19% reduction in all-cause mortality, at a median of
42 months post-infarction. The AIRE trial studied a highly selected group
(52,019 screened and 1986 enrolled) of patients with symptomatic heart fail-
ure, but without evidence of reduced perfusion, early (2—6 days) after an M1
In this population (slightly sicker than SAVE, with estimated 1-year mor-
tality in the placebo arm of 20%), there was a 27% reduction in all-cause
mortality in the ramipril group that became evident after several weeks. The
TRACE study was an important contribution to the growing field of post-
MI ACEi studies in that it had loosely defined inclusion criteria that more
closely approximated “real-life” practice and enrolled 1749 patients of the
6676 screened (the majority excluded on the basis of EF>35%). There was a
22% reduction in mortality with trandolapril compared to placebo; and mor-
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tality curves began to diverge within weeks. Taken together, the ACEi trials
in diverse HF populations have found that beyond reducing all-cause mortal-
ity (26% risk reduction), ACEi have also decreased hospitalizations for heart
failure (27% risk reduction), reduced re-infarction (20% risk reduction), and
improved quality of life (32, 33). Moreover, ACEi have been shown to atten-
uate progressive LV remodeling in patients with heart failure, consistently
improving LVEF and reducing left ventricular volumes (34).

Given demonstrated benefits of a range of different ACE inhibitors across
the spectrum of heart failure patients, there is ample evidence supporting
a class effect, rather than benefit particular to any given agent. The opti-
mal dose of ACE inhibitor remains a subject of some controversy, even
though several clinical trials have been designed to address this question
(35-37). Since benefit is proven only at the doses achieved in clinical trials,
the consensus recommendations support the use of any of the agents listed
in Table 4, with titration targeted to the recommended dose (/7). The con-
sensus ACC/AHA guidelines give a strong recommendation (class I) for the
use of ACEi across the spectrum of left ventricular dysfunction, in patients
both with and without symptoms of heart failure (/7).

Table 4
Angiotensin-converting enzyme inhibitor (ACEi) doses
recommended in the treatment of heart failure

Drug Initial dose (mg) Target dose (mg)
Captopril 3.125-6.25 TID 50 TID
Enalapril 2.5 BID 10-20 BID
Fosinopril 5-10 QD 40 QD
Lisinopril 2.5-5QD 20-40 QD
Perindopril 2QD 8-16 QD
Quinapril 5 BID 20 BID
Ramipril 1.25-2.5 QD 10 QD
Trandolapril 1 QD 4 QD

BID (twice daily), QD (once daily), TID (three times daily).

In general, ACEi are well tolerated. Hypotension and dizziness, cough,
azotemia, and angioedema are more commonly reported with ACEi; and in
trials, the incidence of each side effect tended to be twofold higher than that
with placebo (38). In general, the risk of symptomatic hypotension is low
but can be predicted by baseline hyponatremia, renal insufficiency, or a high
requirement for potassium replacement; all surrogate measures of RAAS
activation (39). In patients with these features, a brief period observation
after administration of the first dose of ACEi should be considered. Practi-
cally speaking, most of these patients will receive their first dose of medicine
in the hospital and can expect a 8-10 mmHg drop in mean blood pressure
after the first dose of ACEi (40). The CONSENSUS II study demonstrated
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that when given immediately post-infarct, an intravenously administered
ACEi may actually worsen the clinical course if it causes hypotension, high-
lighting the importance of proper patient selection before administration of
ACEi (41). Cough and angioedema in ACE-inhibitor-treated patients are
thought to be related to inhibition of bradykinin breakdown and may in many
circumstances be avoided by substitution of an angiotensin receptor block-
ing drug (see below) with comparable long-term benefits for the patient.
Angioedema is rare, occurring in less than 1% of patients.

4.2. Angiotensin Receptor Blockers (ARBs)

Roughly 9% of patients of European ancestry are ACE-inhibitor intolerant
due to development of cough or angioedema, and the intolerance related to
cough may be threefold higher in patients of Asian ancestry (42, 43). These
side effects are thought to be related to simultaneous inhibition of bradykinin
breakdown and may be circumvented through blockade of angiotensin 11
activity downstream at the receptor level using angiotensin receptor block-
ing drugs (Fig. 3). As well, it has been demonstrated that levels of circulat-
ing angiotensin II return to pre-ACE inhibitor treatment values in patients
receiving chronic ACE inhibitor therapy. This increase in angiotensin II lev-
els, or “ACE escape,” is incompletely understood but thought to be asso-
ciated with alternate synthesis pathways for angiotensin II. Enzymes such
as cathepsin G and elastase are thought to directly convert angiotensinogen
to angiotensin II, while chymases and cathepsin G are thought to provide
an alternate pathway for conversion of angiotensin I to angiotensin II. This
observation supports a rationale for more complete blockade of the RAAS
through combined utilization of ACEi/ARB.

Several large-scale clinical trials of ARBs have now been conducted to
assess whether or not these theoretical benefits are borne out in clinical prac-
tice. Broadly speaking, the trials can be divided into those that tested ARBs
as an alternative to ACEi and those that added ARBs to patients already
taking ACEi. Each strategy has been explored in both chronic heart failure
patients and those with post-MI left ventricular dysfunction (Table 5).

The clearest indication for ARBs is in the patients who are ACE intol-
erant, a hypothesis examined in the Candesartan Assessment of Reduction
in Mortality and Morbidity-Alternative study (CHARM-Alternative) (44).
CHARM-Alternative randomized 2028 patients with mild—moderate heart
failure, who were previously unable to tolerate an ACEi (primarily because
of cough) to treatment with the ARB candesartan or placebo. After a median
of 33.7 months of follow-up, there was a significant 23% reduction in the
primary outcome of cardiovascular death or heart failure hospitalization (HR
0.77;95% CI1 0.67-0.89, p <0.0001) as well as a statistically significant 17%
reduction in the covariate-adjusted rate of all-cause mortality (HR 0.83; 95%
CI10.70-0.99, p = 0.033) in patients randomized to ARB.

Taken as a whole, randomized trials of ARB vs ACEi as monotherapy in
patients with chronic heart failure suggest no difference in major cardiovas-
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cular outcomes. Death, cardiovascular death, and hospitalizations for heart
failure are no different between patients treated with an ACEi or ARB alone.
The largest of these, the Evaluation of Losartan In The Elderly Study (ELITE
II) trial, compared an ARB with an ACE inhibitor in patients at least 60 years
of age with NYHA class II-IV heart failure, who had not been previously
treated with either an ACE inhibitor or an ARB (45). After a mean follow-
up of 1.5 years, there were no significant differences in all-cause mortality
(11.7% vs 10.4% average annual mortality rate) or in sudden death or resus-
citated arrest (9.0% vs 7.3%) between the two treatment groups. Although
ARB treatment was not clinically superior to ACE-inhibitor therapy, it was
significantly better tolerated, with a withdrawal rate of 9.4%, as compared
with 14.5% for ACE-inhibitor therapy (p <0.001). Losartan was also tested
in the post-infarction population in the Optimal Trial in Myocardial Infarc-
tion with the Angiotensin II Antagonist losartan (OPTIMAAL) (46). Here
5477 patients not already taking an ACEi were randomized to either losartan
or captopril 3 days after a myocardial infarction with associated heart fail-
ure or left ventricular dysfunction. There was a non-significant trend toward
increased all-cause mortality in the losartan group (HR 1.13,95% CI 0.99—
1.28, p = 0.07), and for this primary outcome, losartan did not satisfy crite-
ria for non-inferiority to captopril. Similar to the results of ELITE II, losar-
tan was better tolerated, with significantly fewer discontinuations for cough,
dysgeusia, and angioedema.

In the post-MI population, the Valsartan in Acute Myocardial Infarction
(VALIANT) trial compared three different regimens, captopril, valsartan, or
both, in 14,703 patients who had post-infarction heart failure and/or left ven-
tricular dysfunction (47). There was no significant difference in primary or
secondary outcomes between any of the treatment groups. After a median
follow-up of little over 2 years, the mortality rate was not statistically differ-
ent between the groups: 19.5% in the captopril group, 19.9% in the valsartan
group, and 19.3% in the valsartan and captopril groups (compared to capto-
pril, HR 1.00; CI 0.90-1.11 and HR 0.98; CI 0.89-1.09). The study authors
concluded that valsartan was noninferior to captopril in the post-myocardial
infarction setting, and that the combination of ACE/ARB offered no signif-
icant mortality advantage over monotherapy in this population. Subgroup
analysis found no variation in the effect of these three regimens in any sub-
group, including those receiving background beta-blocker therapy.

Building on the notion that more effective ARBs might potentiate ACFEi-
induced blockage of angiotensin II, several trials have been conducted to
examine the benefits of ARB and ACEIi in combination in patients with
chronic heart failure. The earliest of these, the Valsartan Heart Failure Trial
(Val-HeFT), randomized 5010 patients with NYHA class II-IV heart failure
to valsartan or placebo, in addition to the existing heart failure regimen (93%
were already receiving an ACEIi). After a mean follow-up of 23 months,
no difference was observed in all-cause mortality. However, patients treated
with valsartan showed a significant 13.2% reduction in the combined mortal-
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ity and morbidity endpoint. This was primarily due to a significant (p<0.001)
24% reduction in hospitalizations for worsening heart failure. A subgroup
analysis of Val-HeFT showed that among the 35% of trial participants that
were taking an ACEi and a beta-blocker, there was statistically significant
excess mortality in the valsartan group (p = 0.009), raising concern that
excessive neurohormonal inhibition with ACEi/ARB/beta-blocker might be
harmful in patients with heart failure; however, this finding was not borne out
in subsequent studies. CHARM-Added randomized 2548 patients already
taking an ACEi (~100%) to placebo or candesartan (48). The treatment
group received a 15% reduction in the primary outcome of death or heart
failure hospitalization. Compared to Val-HeFT, a higher percentage (55%)
of this population was also taking a beta-blocker and these patients received
the same benefit from candesartan administration as did patients not previ-
ously taking beta-blockers (p = 0.14 for treatment interaction), highlighting
the safety of adding an ARB to optimal medical therapy with ACEi/beta-
blocker.

A meta-analysis of 17 trials comparing ARB with either placebo or an
ACE inhibitor in patients with heart failure found that although ARBs were
not superior to ACE inhibitors in reducing mortality or hospitalizations for
heart failure, the combination of an ARB and an ACE inhibitor was superior
to ACE-inhibitor monotherapy in reducing hospitalizations for heart fail-
ure but not mortality (49). In addition, in patients not receiving an ACE
inhibitor (but receiving other heart failure drugs), there was a nonsignifi-
cant trend favoring ARBs over placebo for both reductions in all-cause mor-
tality (OR 0.68, 95% CI 0.38-1.22) and hospitalizations for heart failure
(OR 0.67, 95% CI 0.29-1.51). In this context, the ACC/AHA heart fail-
ure guidelines state that while ACEi remain first-line therapy for patients
with heart failure (both chronic and post-MI), ARBs are a suitable substi-
tute in ACE-intolerant patients, and may be considered as add-on therapy
in patients who are already optimally treated with an ACEi and a beta-
blocker. However, the guidelines state that an ARB should not be used in
patients receiving ACEi and aldosterone antagonist because of a perceived
high risk of hyperkalemia and a lack of clinical trial data to support this
strategy (11).

With regard to side effects, one benefit of ARBs that has been consistently
demonstrated in ACEi/ARB comparison studies has been the lower rate of
drug discontinuation in the ARB group related to less cough, dysgeusia, and
angioedema. Although the reported incidence and severity of angioedema
are much lower with ARBs, these medicines should be used with great cau-
tion in patients with a history of life-threatening ACFEi-induced angioedema.
The composite of these studies that added an ARB to patients taking an
ACEi showed that azotemia, hyperkalemia, and hypotension were signifi-
cantly and substantially more common in patients randomized to dual ACEi
and ARB therapy. Common ARBs and their suggested doses are displayed
in Table 6.
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Table 6
Angiotensin receptor blocker (ARB) doses recommended in
the treatment of heart failure

Drug Initial dose (mg) Target dose (mg)
Candesartan 4-8 QD 32 mg QD
Losartan 25-50 QD 50-100 QD
Valsartan 2040 BID 160 BID

BID (twice daily), QD (once daily).

4.3. Other Vasodilators

Other than ACE inhibitors and ARBs, the only additional “vasodilator”
regimen shown to be effective in chronic heart failure is the combination of
hydralazine and isosorbide dinitrate (Hyd-Iso). Though other vasodilators
have been tested, most (e.g., felodipine (50), amlodipine (5/), and prazosin
(52)) have been ineffective in improving cardiovascular outcomes, despite
doses causing measurable reductions in blood pressure consistent with sys-
temic hemodynamic effects. This raises the possibility that there are unique
properties to Hyd-Iso that are beneficial and independent of the physiologic
vasodilator properties of these medications. It is hypothesized that this com-
bination works by reducing oxidant stress (hydralazine) and improving nitric
oxide availability (isosorbide dinitrate); changes in both are felt to be part of
the pathophysiology of heart failure (53, 54).

In 1986, the seminal Vasodilator therapy in Heart Failure study (V-HeFT
I) showed that when compared with placebo (or prazosin) the combination
of hydralazine and isosorbide dinitrate caused a reduction in all-cause mor-
tality in patients with advanced heart failure (52). After 2 years of follow-up,
there was a 34% reduction in mortality in the Hyd-Iso group (HR 0.66, 95%
CI1 0.46-0.96, p < 0.028) but over the entire period of follow-up, the survival
difference was of marginal statistical significance. This was the first large
trial to show that any particular pharmacotherapy could reduce mortality
in chronic heart failure, but the role of Hyd-Iso was quickly supplanted by
ACE inhibitors following the publication of V-HeFT II. This second V-HeFT
study directly compared enalapril to Hyd-Iso (without a placebo group) and
had identical enrollment criteria as V-HeFT I. It found that enalapril was
associated with a significant 33.6% reduction in mortality by 1 year (P =
0.016), but this difference waned with time and by the end of the trial the
mortality reduction was no longer statistically significant (p = 0.08). The
improved survival with enalapril was driven by a significant reduction in
sudden cardiac death that was not seen with Hyd-Iso. Subgroup analysis
showed that the 179 patients with advanced heart failure (NYHA III and IV)
fared no better on enalapril than on Hyd-Iso (RR 0.99, 0.72-1.35). Between
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the treatment arms there was no significant difference in hospitalizations and
somewhat paradoxically, Hyd-Iso was associated with a larger improvement
in ejection fraction and exercise capacity (55). Based on ease of administra-
tion, less side effects, and improved efficacy, ACEi became the preferred
agent for management of heart failure patients, with the combination of
isordil/hydralazine being reserved for patients who were intolerant of ACE
inhibitors and ARBs (56).

A provocative post hoc analysis of pooled data from V-HeFT I and II sug-
gested that the benefits of Hyd-Iso varied by patient race. In this analysis,
nearly all of the benefit seen in the overall trial was attributable to a reduction
in mortality seen in patients who self-identified themselves as black (57).
The observation that race may have influenced the efficacy of the Hyd-Iso
combination fueled the design of the African-American Heart Failure Trial
(54) (A-HeFT). This trial randomized 1050 black patients with symptomatic
HF (NYHA class II-1II) who were already receiving established therapies
for heart failure (86% with ACEi or ARB, 74% BB, 39% spironolactone) to
additional therapy with Hyd-Iso (goal dose: hydralazine 225 mg/isosorbide
dinitrate 120 mg divided three times daily). They found that the fixed-dose
combination of Hyd-Iso was associated with a 43% improvement in sur-
vival at an average follow-up of 10 months (HR 0.57, p = 0.01) as well as
significant improvements in quality of life and need for heart failure associ-
ated hospitalization (Fig. 4). As a result of A-HeFT, the FDA approved the
fixed-dose combination of Hyd-Iso for the therapy of advanced heart fail-
ure in self-identified black patients, though this decision has met with some
controversy (58 — 60).
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Fig. 4. Major outcomes in the A-HeFT trial. The combination of hydralazine and
isosorbide dinitrate (Hyd-Iso) was associated with a significant reduction in mortal-
ity, improvement in QOL, and reduction in heart failure hospitalizations compared
to placebo in the A-HeFT trial. Heart failure hospitalizations were defined as the
rate of first hospitalization for heart failure.
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Therapy with the combination of hydralazine and isosorbide dinitrate is
associated with two principal side effects: headache and dizziness. These
symptoms were extremely common in clinical trials of Hyd-Iso but rarely
caused study medication withdrawal. Hyd-Iso caused a small but signif-
icant decrease in blood pressure in clinical trials, but the survival bene-
fit was present regardless of blood pressure and thus it is recommended
that asymptomatic low blood pressure should not contraindicate the use of
Hyd-Iso (61).

The consensus of the heart failure guideline writing committee is that
Hyd-Iso is an option for patients who do not tolerate ACEi therapy but
should not be given in the place of an ACEi in patients who would otherwise
be expected to tolerate ACEi (/7). Hyd-Iso can also be considered in patients
who remain symptomatic in spite of maximal therapy with beta-blockers and
ACEi (class I1a recommendation). The guidelines do not identify race as a
factor in selecting Hyd-Iso as a therapy but do acknowledge the results of
the A-HeFT trial.

More recently, strategies targeting secondary pulmonary hypertension
in heart failure with phosphodiesterase inhibitors such as sildenafil have
received increasing attention. Secondary pulmonary hypertension is com-
mon in chronic severe left ventricular dysfunction, and may offer an impor-
tant therapeutic target in this patient population facing high morbidity and
mortality. In small trials, PDE-5 inhibition improved exercise capacity,
6-minute walk tests, and quality of life measurements (62 — 64). Larger stud-
ies are needed to better define the long-term safety of effectiveness of this
approach.

5. ALDOSTERONE RECEPTOR ANTAGONISTS

The importance of aldosterone in the pathogenesis of the volume reten-
tion of various disease states has been recognized for decades (Fig. 3). Since
its isolation in the urine of heart failure patients, aldosterone has been rec-
ognized to contribute to the pathogenesis of heart failure. It either directly
or indirectly contributes to heart failure progression (or ventricular arrhyth-
mias) via volume retention, hypertension, hypokalemia, hypomagnesemia,
secondary hyperparathyroidism, and myocardial fibrosis (65, 66). ACEi and
ARBs can cause upstream inhibition of aldosterone secretion but this inhibi-
tion is not complete (“‘aldosterone escape”), and, moreover, increased aldos-
terone levels are maintained due to decreased hepatic aldosterone clearance
in the setting of heart failure (67). Sustained aldosterone receptor activation
in heart failure patients treated with optimal medical therapy provided the
rationale for direct aldosterone inhibition as an additional therapeutic target
in heart failure. On the basis of two well-designed trials published within the
past decade (Fig. 5), aldosterone antagonists now have an established role in
the treatment of certain patients with heart failure.
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Fig. 5. Relative risk reduction in key outcomes in the major trials of aldosterone
antagonism. Compared to placebo, both spironolactone (in RALES) and eplerenone
(in EPHESUS) were associated with reductions in major cardiovascular outcomes.
All results met statistical significance. SCD: sudden cardiac death.

The Randomized Aldactone Evaluation Study (RALES) randomized 1663
patients who had moderate to severe heart failure and a left ventricular ejec-
tion fraction not greater than 35% to either spironolactone (25 mg daily) or
placebo against a background of ACEi and diuretics (few patients were tak-
ing beta-blockers) (68). RALES was stopped early because of a strongly sig-
nificant survival advantage in the spironolactone group. There was a striking
11% absolute risk reduction and a 31% relative risk reduction in all-cause
mortality by 2 years (HR 0.70, 95% CI 0.60-0.82) that was attributable to
both a reduction in sudden death (36% reduction) and progressive pump
failure (29% reduction). There was also a 30% reduction in cardiac hos-
pitalizations and a significant improvement in functional status (68). The
Eplerenone Post-Acute Myocardial Infarction Heart Failure Efficacy and
Survival Study (EPHESUS) was a larger (n = 6632) one of patients immedi-
ately after a myocardial infarction who had reduced EF (average LVEF 33%)
and signs of heart failure (69). Here patients were randomized to the aldos-
terone antagonist eplerenone (25-50 mg daily) or placebo against a similar
therapeutic background as RALES with the notable exception of much larger
beta-blocker usage (75%). Eplerenone caused a 15% reduction in mortality
at 1 year (HR 0.85, 95% CI 0.75-0.96) and there were similar reductions in
sudden death and heart failure hospitalizations (69).

In clinical trials the aldosterone antagonists were well tolerated, with-
out significant hemodynamic effects; hyperkalemia and gynecomastia (10%
with spironolactone and none with eplerenone) were the most frequent
major adverse reactions. Although the entry criteria to both major aldos-
terone antagonist studies enrolled patients with a serum creatinine less than
2.5 mg/dL, there were few patients enrolled with a creatinine greater than
1.5 mg/dL (11). This low prevalence of renal insufficiency, along with the
careful monitoring and resources that the clinical trial was able to afford,
could explain the wide discrepancy between the amount of symptomatic
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hyperkalemia seen in the trials and what has been observed in subsequent
community-based studies. Serious hyperkalemia was seen in only 2% of
spironolactone-treated subjects in RALES (compared to 1% of patients
receiving placebo; p not significant for comparison), but in a population-
based study of Canadian patients with heart failure there was a dramatic
4.6-fold increase in hospitalizations for hyperkalemia and 6.7-fold increase
in hyperkalemic deaths after the publication of the RALES study (70). As
a consequence, the most recent heart failure guidelines highlight the imper-
ative for careful patient selection and monitoring when using aldosterone
antagonists, particularly in older patients who often have diminished base-
line creatinine clearance, in other patients with baseline renal insufficiency,
in those using other RAAS inhibitors, or in the presence of comorbidities
which impair potassium excretion (e.g., diabetes).

Aldosterone antagonists should be considered for patients with NYHA
class IIT and IV symptoms or post-MI LV dysfunction who do not have sig-
nificant renal impairment (Cr < 2-2.5 and CrCl > 30-50) or a history of
hyperkalemia. The serum potassium should be monitored frequently after
starting aldosterone (after 3 days, after 1 week, then monthly for 3 months)
and the starting dose should be low (12.5 mg—25 mg daily). This is reflected
in the recent heart failure guidelines which gave a class I recommendation
for the use of aldosterone antagonists; specifically they stated their use is
“reasonable” provided that the risk of hyperkalemia is not high (/7). Based
on a perceived high risk of hyperkalemia, it is advised that aldosterone
inhibitors should not be given to patients already receiving an ACEi and
an ARB.

6. BETA-ADRENERGIC RECEPTOR BLOCKERS

Beta-adrenergic receptor antagonists (beta-blockers, fB) inhibit the
downstream consequences of sustained catecholamine activation in patients
with heart failure. The degree of sympathetic nervous system activation has
been shown to be an extremely powerful predictor of outcome in patients
with heart failure, even better than other clinical (e.g., wedge pressure, pulse)
and biochemical factors (e.g., serum sodium) (71); beta-blockers, however,
were initially considered to be contraindicated in patients with heart fail-
ure due to their negative inotropic activity. Nevertheless, a broad range of
clinical studies beginning in the mid-1970s showed these agents to be use-
ful in patients with dilated cardiomyopathy (72, 73) (Table 7). The exact
mechanism of beta-blocker-induced benefit is not known, but putative effects
include antagonism of cardiotoxic levels of circulating catecholamines (74)
and improvement in systolic function associated with favorable patterns of
contractile protein gene expression (75).

Beta-blockers are capable of causing reverse remodeling, causing a
decrease in left ventricular dimensions, improvement in systolic function
(as measured by ejection fraction or fractional shortening), and a return to
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an elliptical shape (76). Clinical trial results have shown that compared to
placebo, beta-blockers may improve left ventricular ejection fraction by as
much as 10% (e.g., EF 25-35%) (77). These effects are seen at very low
doses but incremental reverse remodeling is seen in a dose-dependent fash-
ion (78).

Though initially felt to be contraindicated in heart failure due to their neg-
ative inotropic effects, beta-blockers are now recognized as a critical com-
ponent of standard heart failure therapy. In 1996 the US Carvedilol Heart
Failure Study Group published the results of several prospective trials com-
paring carvedilol to placebo (79). When the separate studies were combined,
the patients randomized to carvedilol were 65% less likely to die than those
randomized to placebo. Published 3 years later, the second Cardiac Insuf-
ficiency Bisoprolol Study (CIBIS II) randomized 2647 patients with class
III-IV heart failure to placebo or bisoprolol (86). Because of the emer-
gence of a highly statistically significant decrease in mortality, this study
was stopped early. After a mean of 1.3 years of follow-up, patients random-
ized to bisoprolol had a highly significant 34% reduction in all-cause mortal-
ity. Subgroup analysis showed a homogenous treatment effect and there was
an associated 32% decrease in hospitalizations for worsening heart failure.
Also published in 1999, but studying a slightly less sick group than CIBIS II,
the Metoprolol CR/XL Randomized Intervention Trial in Congestive Heart
Failure (MERIT-HF) randomized 3991 patients with primarily class II and
IIT heart failure to either long-acting metoprolol or placebo (80). MERIT-
HF was also stopped early, after a mean follow-up time of 1 year, because of
a highly significant 34% reduction in all-cause mortality in the metoprolol
group.

Patients with severe heart failure were relatively underrepresented in the
aforementioned trials and there remained a concern that patients with the
advanced heart failure would not tolerate the addition of a beta-blocker to
their regimen. To address the utility of beta-blockers in this population,
the Carvedilol Prospective Randomized Cumulative Survival Study Group
(COPERNICUS) randomized 2289 patients with NYHA class IV symptoms
and left ventricular ejection fraction less than 25% to therapy with carvedilol
or placebo (81). The trial was terminated early after interim analyses found
that patients randomized to carvedilol experienced a statistically significant
35% reduction in all-cause mortality. Moreover, in a prespecified subgroup
analysis of the patients deemed to be at most risk (LVEF < 15%, recurrent
hospitalizations, any prior use of inotropic agents), there was a 39% reduc-
tion in all-cause mortality, indicating benefit to beta-blocker therapy even in
the sickest heart failure patients. In aggregate, beta-blockers are associated
with roughly a 30% relative risk reduction in 1-year mortality across the
spectrum of patients with chronic heart failure due to LV dysfunction. Beta-
blockers reduce cardiovascular hospitalizations, improve functional capacity
(82, 83), and reduce mortality by decreasing progressive pump failure and
lowering the incidence of sudden death (84-86). Since some beta-blockers
have not been clearly associated with successful mortality reductions in
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heart failure patients (87, 88), preference should be given to those agents
with proven efficacy in prospective clinical trials (bisoprolol, carvedilol,
and metoprolol succinate) (89). Recommended dosing regimens for recom-
mended beta-blockers for the treatment of heart failure are displayed in Table
8. The unique metabolic and vasodilatory effects of carvedilol (perhaps a
consequence of its mixed alpha- and beta-adrenergic blocking properties)
have fueled some enthusiasm about its potential advantages in heart failure
patients. At least one trial (COMET) suggested clinical benefits to carvedilol
exceeding those of metoprolol tartrate, but these results have been chal-
lenged due to concerns about the relative dosing of the two agents (90). Since
no head-to-head trials comparing carvedilol, metoprolol succinate, and biso-
prolol have been conducted, there is at present little evidenced-based ratio-
nale for favoring one agent over another (/7).

Table 8
Beta-blocker doses recommended in the treatment of heart failure
Drug Initial dose (mg) Target dose (mg)
Bisoprolol 1.25 QD 10 QD
Carvedilol 3.125-6.25 BID 252 BID
Metoprolol succinate 12.5-25 QD 200 QD

BID (twice daily), QD (once daily).
4In patients weighing > 85 kg, the recommended target dose of carvedilol is
50 mg BID.

Since both ACE inhibitors and beta-blockers are associated with impor-
tant clinical benefits in heart failure patients, and since most beta-blocker
trials have demonstrated therapeutic efficacy on the background of ACE-
inhibitor therapy, there has been some discussion of which agent should be
initiated first. Recently, the CIBIS III investigators showed that beta-blocker
initiation could precede ACEi initiation in patients with mild to moder-
ate heart failure without evidence of hypervolemia. In that study of 1010
elderly patients who had previously not received a neuroendocrine antago-
nist, a “bisoprolol first” strategy was non-inferior to starting with enalapril
(91). Nevertheless, others have cautioned the more widespread application
of these data, especially in more severely ill patients who would otherwise
derive an immediate clinical benefit from vasodilators (e.g., ACEi) (92).

Initiation of beta-blockade should occur in patients with no or minimal
signs of volume overload, who demonstrate adequate tissue perfusion. In
contrast to patients without heart failure who may have a different indica-
tion for beta-blockade (e.g., angina, hypertension), patients with heart fail-
ure require careful dose up-titration starting at low doses. In accordance
with the experience in clinical trials, patients should be reassessed fre-
quently and the dose is typically doubled every 2 weeks until the target dose
is reached. If patients develop mild or moderate symptoms of congestion
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with beta-blockade, it is recommended that adjustments in other medica-
tions (diuretics, ACEi) precede a decrease or cessation of beta-blockers
(93). The most common adverse effect of beta-blockers has been symp-
tomatic bradycardia, but this rarely results in need for hospitalization, and
a meta-analysis from multiple trials has shown that if 153 patients were
treated with beta-blockers for 1 year, only one patient would need to be
withdrawn because of symptomatic bradycardia (94). The effect on blood
pressure has ranged from a modest decrease (—1.1/1.6 mmHg in COPER-
NICUS (95)) to no affect (in the U.S. Carvedilol study (79)) to a surpris-
ing increase in blood pressure relative to the placebo group in MERIT-HF
and CIBIS-II (85, 86). This is felt to reflect an improvement in stroke vol-
ume and is paralleled in the sustained and significant improvement in left
ventricular ejection fraction. Even in patients with the most advanced dis-
ease (class IV, requiring recent hospitalization or treatment with intravenous
inotropes or vasodilators), treatment with carvedilol was tolerated by most
subjects and was associated with a significant mortality benefit that began
after only 2-3 weeks of treatment. Although dose down-titration was more
common with carvedilol (as opposed to placebo) in the most advanced dis-
ease subgroup, these patients were no more likely to require hospitalization
and were less likely to be withdrawn from the study (95). Target doses were
often reached in clinical trials (65-80% of the time) but this has proven
more difficult in practice outside of clinical trials, where patients tend to be
older and have more comorbidities (96). Although there are situations where
the use of beta-blockers is either proscribed or potentially dangerous (e.g.,
high grade AV block, profound resting bradycardia), it may be needlessly
withheld from patients with chronic obstructive pulmonary disease or sta-
ble mild asthma in spite of demonstrated safety in these populations (97).
Similarly, recent analysis from the OPTIMIZE-HF registry (98) suggests
that beta-blocker therapy withdrawal in patients hospitalized with decom-
pensated heart failure may actually be harmful, although this hypothesis has
not yet been tested prospectively. Provided that there are not contraindica-
tions as described above, the consensus guidelines strongly support the use
of beta-blockers across the spectrum of left ventricular dysfunction (class I
recommendation) (11).

7. ANTICOAGULATION

A multitude of patients have benefited from the reduced cardiovascular
events associated with the appropriate use of anticoagulant and anti-platelet
medications. Many patients with heart failure have pre-existing coronary
artery disease, an indication for life-long aspirin therapy, or atrial fibril-
lation, which in most is an indication for anticoagulation with warfarin.
Venous thromboembolism (VTE) is common in chronically ill patients, and
heart failure is considered a risk factor for VTE (99). Though the dura-
tion and intensity of anticoagulation for patients with a history of VTE
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continue to be modified, there remains no question that therapeutic anti-
coagulation is a fundamental part of therapy for VTE. Nevertheless, in the
large number of patients with heart failure and without another indication
for anti-thrombotic medications, the role of anticoagulants and anti-platelet
agents remains unsettled. Some reports have highlighted the increased rel-
ative risk of stroke in heart failure patients (particularly among those with
severely reduced ejection fraction), but much of this risk may have been
confounded by concomitant atrial fibrillation (/00). Data from prospective,
randomized trials of prophylactic anticoagulation for prevention of throm-
botic events in heart failure patients, however, are lacking. Three trials were
designed to guide our strategies to prevent thromboembolism in heart fail-
ure patients: Warfarin and Antiplatelet Therapy in Chronic CHF (WATCH),
Warfarin and Antiplatelet Therapy in Chronic CHF (WASH), and the ongo-
ing Warfarin—Aspirin Reduced Cardiac Ejection Fraction (WARCEF). The
WATCH study was stopped early due to poor recruitment (/0/) and the
WASH study was a small pilot study intended to test the feasibility of anti-
coagulation (/02). The WARCEEF trial is sponsored by the National Insti-
tute of Neurologic Disorders and Stroke (NINDS) and looks to enroll 2860
patients with LVEF < 35%, on ACEFEi and without another accepted indica-
tion for anticoagulation (e.g., atrial fibrillation, mechanical heart valve). This
trial began enrolling in 2002 and the primary outcome will be time to first
ischemic stroke, intracerebral hemorrhage, or death from any cause (103).
Pending more definitive data, however, the recent AHA/ACC guidelines
acknowledge the uncertainty regarding the necessity of prophylactic anti-
coagulation for prevention of embolic events in patients with heart failure
and LV dysfunction, and advise initiation only when an accepted indication
exists (11).

8. STATINS

Inhibition of HMG coenzyme — a reductase with statins — has been
shown to benefit patients across a wide spectrum of vascular diseases.
The pleiotropic effects of these medications are frequently cited to explain
apparent improvements in clinical outcomes independent of lipid-lowering
effects. Data derived from post hoc analyses initially suggested a possible
benefit of statins in patients with systolic heart failure (/04, 105). The largest
prospective, randomized assessment of this hypothesis was the CORONA
Trial (106), which randomized 5011 patients with NYHA class I[I-IV heart
failure to rosuvastatin 10 mg vs placebo. There were no significant dif-
ferences in the primary composite outcome of cardiovascular death, non-
fatal myocardial infarction, or nonfatal stroke at a median follow-up of
33 months. Thus, there is no clear evidence supporting the use of statins
in patients with heart failure who are not considered to be candidates for this
therapy based on established indications.
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9. MEDICATIONS TO AVOID

The importance of a careful review of all medications cannot be over-
looked. Ensuring that potentially harmful medicines have been avoided com-
plements the prescription of medicines known to be efficacious in the treat-
ment of heart failure (Table 9). The AHA/ACC heart failure guidelines
specifically recommend the general avoidance of most antiarrhythmic med-
ications, all non-dihydropyridine calcium channel blockers, and all non-
steroidal anti-inflammatory medications (NSAIDs) (/7). In addition, there
are other classes of widely used medications that should also be avoided;
among these are the thiazolidinediones (/07) (e.g., pioglitazone) and the
type 3 phosphodiesterase inhibitors (cilostazol) (/08). Class I antiarrhyth-
mic medications have inherently negative inotropic effects that are more
pronounced in the presence of left ventricular systolic dysfunction, and
these agents have been shown to be proarrhythmic and associated with an
increased risk of mortality in patients with structural heart disease. Two class
IIT agents, amiodarone and dofetilide, have been demonstrated to be safe in
this patient population, but other agents in this class, sotalol and ibutilide,
have been shown to have high proarrhythmic effects in patients with left
ventricular systolic dysfunction. A newer class III agent, dronedarone, was
recently shown to increase mortality in patients with severe heart failure and
left ventricular dysfunction (109).

L-type calcium channel blockers (e.g., verapamil and diltiazem) exhibit
a negative inotropic and chronotropic effect. The limited published experi-
ence with these drugs has shown them to be harmful to patients with symp-
tomatic or asymptomatic LV dysfunction. A post hoc analysis of the Dilti-
azem Multicenter Postinfarction Study (MDPIT) showed that compared to
placebo, diltiazem was associated with a highly significant 75% increase
in symptomatic heart failure (p = 0.0017) when given to patients with an
LVEF < 40% (110). Due to a shared pharmacologic effect, and smaller stud-
ies suggesting harm, verapamil is also to be avoided in this patient pop-
ulation. Though nifedipine acts at a different calcium channel than dilti-
azem and verapamil, a small study of short-acting nifedipine showed that
when added to stable patients treated with diuretics and digoxin, an ~25%
absolute excess risk of decompensated heart failure was observed compared
to patients receiving isosorbide dinitrate (//7). Two other dihydropyridine
calcium channel blockers have been studied in heart failure in large, well-
designed clinical trials. Both amlodipine (5/) and felodipine (/72) have
been shown to be safe in this population but neither was associated with
an improvement in mortality or other important endpoints. On this basis,
these two agents can be considered for control of blood pressure in patients
with heart failure who continue to be hypertensive.

The beneficial and harmful effects of NSAIDs are related to their inhibi-
tion of prostaglandin synthesis. The hemodynamic consequence of which is
an increase in systemic vascular resistance and decrease in renal perfusion,
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both of which have obvious negative implications for patients with heart fail-
ure. Moreover, NSAIDs increase the risk of atherothrombotic events (113),
which is a key risk factor for heart failure. One population-based study
showed that NSAID use was associated with a twofold increased risk for
hospitalization for heart failure and a tenfold increased risk if patients had
underlying heart disease (114).

10. CONSENSUS STATEMENTS

The recently published AHA/ACC guidelines (Table 10) provide a frame-
work for the treatment of patients with hitherto asymptomatic LV systolic
dysfunction (Stage B HF) and patients with LV dysfunction and current or

Table 10
AHA/ACC guidelines for the pharmacotherapy of chronic heart failure

Stage C heart failure

Class of Stage B heart
recommendation failure NYHA I NYHA II NYHA III-IV
Class I ACEi ACEi ACEi ACEi
Beta-blockers Beta-blockers Beta-blockers Beta-blockers
ARB? ARB? ARB?
Aldosterone
antagonists®
Class ITa ARB? ARB ARB ARB
Digoxin
Hyd-Iso®
Class IIb Hyd-Iso! Hyd-Iso! Hyd-Iso?
Class IIT Digoxin NSAIDs
CCB Most antiarrhythmics
CCB

The combined use of ACEi, ARB, and
aldosterone antagonists.

Stage B: Asymptomatic left ventricular (LV) dysfunction.

Stage C: LV dysfunction with any history of heart failure symptoms.

Class I recommendation: Conditions for which there is evidence and/or general agree-
ment that a given treatment is beneficial, useful, and effective.

Class Ila: Weight of evidence/opinion is in favor of usefulness/efficacy.

Class IIb: Usefulness/efficacy less well established by evidence/opinion.

Class III: Conditions for which there is general agreement that a treatment is not use-
ful/eftective and in some cases may be harmful.

4An ARB can be substituted for patients with intolerance to ACEi.

PThe use of aldosterone antagonists is limited to patients without severe renal insuffi-
ciency and requires the ability to carefully follow serum potassium levels.

In addition to ACEi and beta-blockers.

dIn patients not able to tolerate an ACEi or an ARB. Hyd-Iso = hydralazine and isosor-
bide dinitrate
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prior symptomatic heart failure (Stage C HF). Beta-blockers and ACEi are
indicated across this spectrum of illness and unless they are not tolerated,
all patients with LV dysfunction should be treated with these two agents.
If patients do not tolerate an ACEi due to cough, an ARB should be used
in their place. An ARB can be combined with ACEi and beta-blocker but
should not be added to patients already receiving an aldosterone antagonist.
For patients with persistent symptoms (NYHA class III and IV), an aldos-
terone antagonist is indicated and therapy with digoxin is generally recom-
mended. Hyd-Iso is an option for patients who do not tolerate therapy with
either an ACEi or ARB and can be an add-on to ACE:i in patients with per-
sistent symptoms. In spite of a wealth of clinical trial data and the reminder
provided by consensus guidelines, these medications remained underpre-
scribed in community studies and registry data. Moreover, patients with
more advanced disease are incrementally less likely to receive evidence-
proven, life-saving therapies such as beta-blockers and ACEFEi (115).
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