
115 Rev Esp Cardiol 2004;57(5):447-64 447

Congestive heart failure is a leading cause of cardio-
vascular morbidity and mortality, and is the main cause of
hospitalization among patients older than 65 years.
Moreover, its prevalence is expected to reach nearly epi-
demic proportions, so that the need for new treatments is
clear. In this article we review current and future strate-
gies for the treatment of systolic heart failure that are ba-
sed on a better understanding of the pathophysiology of
this disorder and on the results of controlled clinical trials
of different treatments. Drugs under development (phase
II and III clinical trials) have been classified into four main
groups: neurohumoral antagonists, inotropic agents, mo-
dulators of myocardial remodeling, and future approaches
to treatment such as gene therapy and anti-apoptotic
drugs. We also discuss new strategies for the treatment
of diastolic heart failure. 
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Bases y evidencias clínicas de los efectos 
de los nuevos tratamientos farmacológicos 
en la insuficiencia cardíaca

La insuficiencia cardíaca congestiva es una de las prin-
cipales causas de morbimortalidad cardiovascular y la pri-
mera causa de hospitalizaciones en pacientes de más de
65 años. Más aún, dado que se espera que su prevalen-
cia aumente hasta alcanzar proporciones epidémicas, es
evidente que necesitamos disponer de nuevas estrate-
gias terapéuticas. En este artículo, revisaremos las estra-
tegias actuales y futuras en el tratamiento de la insufi-
ciencia cardíaca sistólica, que tienen su base en un mejor
conocimiento de la fisiopatología de la insuficiencia car-
díaca y de los resultados obtenidos en ensayos clínicos
controlados con diversas estrategias terapéuticas. Los
fármacos actualmente en desarrollo (en fases II y III) los
hemos agrupado en 4 grupos: antagonistas neurohumo-
rales, inotrópicos positivos, moduladores del remodelado
cardíaco y los futuros tratamientos, entre los que inclui-
mos las terapias génica y antiapoptótica. Por último, ana-
lizamos las nuevas estrategias en el tratamiento de la in-
suficiencia cardíaca diastólica. 

Palabras clave: Insuficiencia cardíaca. Antagonistas
neurohumorales. Fármacos inotrópicos.

INTRODUCTION

Heart failure (HF) is the leading cause of hospita-
lization in patients over 65 years old and represents

almost 2% of health costs per year in Spain.1 Its pre-
valence is increasing, due in part to increased life ex-
pectancy in the general population. It has been calcu-
lated that 50 million out of the 1000 million people
who live in the 47 countries belonging to the
European Society of Cardiology present problems
related to HF.2 Even though in well-designed clini-
cal trials angiotensin-converting enzyme inhibitors
(ACEI), beta-blockers and spironolactone have redu-
ced mortality in patients with HF by more than 35%,
this continues to be very high. In a study conducted
with 66 547 patients hospitalized for HF between
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1986-1995 in Scotland, mortality was 76.5% and
87.6% after 5 years and 10 years, respectively.3

When this is compared to mortality associated with
various cancers, 5 year mortality from HF is higher
than colon or prostate cancer in men, and ovarian
cancer in women.4 These results confirm the need for
new drugs which will delay the evolution of this di-
sease. The rational development of new drugs should
be the logical result of sound knowledge regarding
the pathophysiology of the process to be treated.
Ignorance in this regard limits the rational design of
such strategies and explains the poor outcomes of
drugs that had previously raised such high expecta-
tions. Thus, between 1950 and 1970 it was thought
that HF was a congestive syndrome and was treated
with digitalis and diuretics, whereas between 1970
and 1990 it was considered a hemodynamic problem

and thus vasodilator drugs were introduced. In the ni-
neties, the significance of neurohormonal activation
in the evolution of HF was recognized, which led to
the introduction of β-adrenergic blocking agents and
renin-angiotensin-aldosterone system blockers. At
present, we know that HF involves changes in car-
diac structure and metabolism, as well as in calcium
kinetics, and these have become new targets with po-
tential therapeutic interest. The drugs developed
more recently belong to four categories (Table 1)
which are the object of this review. It should be poin-
ted out that pharmacology is not the only research
field in the treatment of HF. New mechanical devi-
ces, implantable defibrillators, gene therapy and cell
and vessel replacement, as well as teamwork among
different medical professionals, are research and de-
velopment fields as important as pharmacology.

NEUROHORMONAL MODULATORS 

Heart failure is accompanied by marked neurohor-
monal activation. For example, an increase in the
plasma values of mediators (catecholamines, renin-
angiotensin-aldosterone system, endothelin 1, vaso-
pressin) involved in vasoconstriction, salt and water
retention/edemas, and mitogenic effects has been de-
monstrated. Similarly, a reduction has been observed
in mediators with vasodilator, natriuretic and antipro-
liferative properties (natriuretic peptides, dopamine,
nitric oxide [NO]). In an attempt to counteract neuro-
hormonal activation, the following are being develo-
ped.

Atrial Natriuretic Peptides

These play an important role in the regulation of
blood pressure and extracellular volume.5-7 Three
peptides have been described that are synthesized
and released in response to atrial distension (type A
natriuretic peptide [ANP], 28 amino acids), to increa-
ses in ventricular pressure and volume (type B na-
triuretic peptide [BNP], 32 amino acids) and to en-
dothelial shearing stress (type C natriuretic peptide
[CNP], 22 amino acids). More recently, a further 2
peptides have been described: urodilatin, a renal
form of ANP, and dendroapsis (DNP), a 38-amino-
acid peptide isolated from the green mamba
(Dendroapsis angusticeps), which is released in the
atrium in response to as yet poorly understood stimu-
li.7 These peptides act on three types of specific re-
ceptors known as A, B, and C. Interaction with C re-
ceptors involves the internalization of the peptide
and its degradation in cytoplasm. On the other hand,
interaction with A and B receptors stimulates particu-
late guanilate cyclase activity and increases the cellu-
lar values of cyclic guanosine monophosphate
(cGMP) (Figure 1). As a consequence, they produce
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ABBREVIATIONS

A-II: angiotensin II.
ANP/BNP/CNP: natriuretic peptides type A, B, 

and C.
AT1/AT2: angiotensin II receptors.
βARK: β1-adrenergic receptor kinase.
[Ca]i: intracellular calcium concentration.
CTGF: connective growth factor.
ACE: angiotensin-converting enzyme.
ECE: endothelin-converting enzyme.
EGF: epidermic growth factor.
NEP: neutral endopeptidase.
ET-1: endothelin-1.
ETA/ETB: endothelin receptors type A and B.
EF: ejection fraction.
GH: growth hormone.
HF: heart failure.
ACEI: ACE inhibitors.
MMP: metalloproteinases.
MVO2: myocardial oxygen demands.
NCX: Na-Ca exchanger.
NO: nitric oxide.
PAI-1: plasminogen activator inhibitor.
PGI2: prostaglandin I2.
PLB: phospholamban.
Rβ1/Rβ2: β1- and β2-adrenergic receptors.
SERCA2a: sarcoplasmic reticulum Ca-ATPase.
TIMP: metalloproteinase inhibitors.
TNF-α: tumor necrosis factor-α.
tPA: tissue plasminogen activator.
V1/V2: arginin vasopressin receptors.



systemic arteriovenous vasodilatation (i.e. decreasing
pre- and afterload) and coronary vasodilatation, inhi-
bit sympathetic tone and the renin-angiotensin-aldos-
terone system (i.e. they diminish the release of renin
by the juxtaglomerular cells and of aldosterone by
the glomerular area of the suprarenal cortex) and
exert antiproliferative action on cardiac muscle cells
and vascular smooth muscle cells. In the kidneys,
natriuretic peptides produce an increase in renal blo-
od flow, diuresis and natriuresis. Type A natriuretic
peptide produces vasodilatation of the afferent glo-
merular arteriole, vasoconstriction of the efferent
glomerular arteriole and increases the speed of glo-
merular filtration and the fraction of filtration even in
patients with acute renal insufficiency and oliguresis.

In the tubules, type A natriuretic peptide inhibits the
reabsorption of Na and water produced by angioten-
sin II (A-II) in the proximal tubule and by vasopres-
sin in the collector tubule. Type C natriuretic peptide
has minimal natriuretic effects and venous vasodila-
tor effects, but is a powerful arterial vasodilator and
produces mitogenic effects. Dendroapsis produces
diuresis and natriuresis.

Atrial natriuretic peptides have a short half-life,
since they are rapidly degraded by neutral endopep-
tidase (NEP) and C receptors. The values of NEP
and C receptor density increase in HF patients, whe-
reas those of A and B receptors diminish (Figu-
re 1).
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TABLE 1. New Drugs for the Treatment of Heart Failure*

A. Neurohormonal modulators

1. Atrial natriuretic peptides: nesiritide, vasonatride, anaritide, mini-ANP

2. Vasopeptidase inhibitors: mixed inhibitors

– ACE and NEP inhibitors: omapatrilat, fasidotril, mixampril, sampatrilat, CGS30440, MDL100,240, Z13752A

– ECE inhibitors: CGS26303, CGS35066, RO0687629, FR901533

– ACE and ECE inhibitors (CGS342256)

3. Endothelin receptor agonists

– ETA: darusentan, sitasentan, LU135252

– ETB: BQ788

– ETA/ETB: bosentan, enrasentan, tezosentan

4. Inhibitors of TNF-α and other cytokines: etanercept, pentoxifylline, FR167653, immunoglobulin, enalapril, candesartan, beta-blockers

5. Vasopressin receptor antagonists: conivaptan, CL-385004, OPC-31260, tolvaptan (OPC-41061), VPA-985

6. Aldosterone antagonists: eplerenone

7. Other drugs:

– New diuretics: atrial natriuretic peptides, adenosine A1 receptor blocker (BG9719) and vasopressin A1 receptor blocker

– Carnitine, etoxomir, growth hormone, nepicastat, L-thyroxine

8. Older drugs:

– ACEI

– Beta-blockers

– Angiotensin II AT1 receptor antagonists

– Aldosterone antagonists

B. New positive inotropic drugs: levosimendan

C. Modulation of ventricular remodeling

1. Collagen synthesis inhibitors:

– Metalloproteinase inhibitors: hydroxamates (batimastat, ilomastat, marimastat, prinomastat), beta-blockers, glucocorticoids, tetracyclines

– Inhibitors of prolyl-4-hydroxylase, TGF-α, ET-1, kinase, vasopeptidase

– ACEI, ARA-II

2. Plasmin antagonists

3. TIMP inhibitors, adriamycin (that increase collagen degradation)

D. Other treatments

1. Gene therapy

– Overexpression of SERCA2a, NCX, β2 receptors, and adenylate cyclase

– Inhibition of phospholamban and βARK1

2. Anemia as a therapeutic target

3. Antiapoptotic therapy

*ANP indicates type A atrial natriuretic peptide; ARA-II, angiotensin II receptor antagonists; ACE, angiotensin-converting enzyme; ECE: endothelin-converting enzy-
me; NEP: neutral endopeptidase; ET: endothelin; MMP: metalloproteinases; TIMP: metalloproteinase inhibitors; TNF: tumor necrosis factor.



Role of Natriuretic Peptides in Patients With
Heart Failure

The plasma values of atrial natriuretic peptides in-
crease in patients with hypertension, HF, acute myo-
cardial infarction, aortic stenosis, terminal renal failu-
re, cirrhosis and ascites.5-7 In patients with HF, the
increase in plasma values of BNP is more useful than
that of ANP or catecholamines to predict patient mor-
tality.8-10 It can serve as a marker of ventricular dys-
function and of the efficacy of medical treatment for
patients with HF.11,12

Different options are available to increase the acti-
vity of natriuretic peptides which may prove useful in
HF (Figure 2): a) direct administration of natriuretic
peptide (nesiritide); b) administration of system non-

peptide agonists; c) inhibition of NEP, the enzyme that
renders natriuretic peptides inactive, and d) adminis-
tration of simultaneous inhibitors of NEP and ACE
(omapatrilate), also known as vasopeptidase inhibi-
tors. Research with NEP inhibitors has been stopped
due to their side effects. At present, clinical research
only continues with nesiritide which has recently been
marketed in several countries.

Nesiritide

This is human type B natriuretic peptide with 32
amino acids obtained through recombinant technology.
When administered intravenously, its effects appear
within 15 min and persist for 2–3 h. Nesiritide has a
distribution volume of 0.19 L/kg and is biotransfor-
med through NEP, with a half-life of 18-23 min. This
is much higher than the 4 min of ANP, although its
biological effects persist for 1-4 h.13,14 Furthermore,
unlike ANP, the contribution of C type receptors and
NEP to the clearance of BNP is minimal in HF pa-
tients.15,16 It is unnecessary to readjust the dose in the
elderly or in patients with renal failure. However, res-
ponse to BNP declines in patients with ascites/cirrho-
sis who present a lower response to nesiritide, which
means that the dose must be increased to achieve the
required hemodynamic response.17

Clinical Trials With Nesiritide

In the PRECEDENT study (Prospective Randomi-
zed Evaluation of Cardiac Ectopy with DobutaminE or
NaTrecor) on dose calculation, placebo was compared
to the effects of continuous i.v. nesiritide infusion
(0.25-1 µg/kg bolus followed by infusion of
0.015–0.06 µg/kg/min, respectively). Nesiritide cau-
sed a rapid and significant improvement in patients
with decompensated HF (functional class II-IV, ejec-
tion fraction [EF] ≤35%). At 6 h and 24 h of adminis-
tration, the group treated with nesiritide presented gre-
ater reductions in pulmonary capillary pressure [PCP]
and peripheral vascular resistance, as well as a greater
increase in cardiac index than the group treated with
placebo.18

In an open study conducted in 127 patients hospita-
lized for decompensated HF (PCP≥18 mm Hg, systo-
lic blood pressure >90 mm Hg, and cardiac index <2.7
L/min/m2), nesiritide (0.015 bolus or 0.03 µg/kg/min
for 6 h) decreased pre-/postload and PCP, increased
minute volume, improved ventricular diastolic func-
tion indexes and diminished symptomatology (dysp-
nea, fatigue) significantly more than placebo. How-
ever, it did not increase heart rate nor did it produce
proarrhythmic effects.9

In the VMAC study (Vasodilation in the
Management of Acute Congestive Heart Failure) the
effects of nesiritide were compared (2 µg/kg follo-
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Fig. 2. Mechanism of action of vasopeptide inhibitors.
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Fig. 1. Mechanism of action of atrial natriuretic peptides. A indicates
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wed by 0.01 µg/kg/min for 3 h, which in some pa-
tients could be increased to doses of 1 µg/kg follo-
wed by 0.005 µg/kg/min, up to a maximum of 0.03
µg/kg/min every 3 h) with those of nitroglycerin (at
the optimal dose) and placebo.20 The study was con-
ducted in 489 patients >65 years old with decompen-
sated HF (class III–IV, PCP 28 mm Hg, 18% with
EF>40%). After 3 h and 24 h, nesiritide was more ef-
fective than nitroglycerin (P=.03) and placebo in re-
ducing PCP, but there were no differences between
them in reducing dyspnea. Nor were any differences
observed in mortality at 7 days and 6 months in pa-
tients treated with nesiritide or nitroglycerin. The in-
cidence of adverse reactions was smaller in the nesi-
ritide group; headaches were more frequent with
nitroglycerin than with nesiritide (20% vs 4%) and,
although there were no differences in arterial hypo-
tension symptoms, the duration of this was greater
after nesiritide administration (2.2 h vs 0.7 h in the
nitroglycerin group). In a comparative study, in con-
trast to dobutamine, nesiritide did not aggravate pree-
xisting ventricular tachycardia nor did it increase the
frequency of ventricular extrasystole.21 At present,
new studies are being conducted with nesiritide in
patients with acute or chronic decompensated HF.

Nesiritide is contraindicated in patients with arterial
hypotension (systolic blood pressure <90 mm Hg),
cardiogenic shock, obstructive cardiomyopathy, se-
rious aortic stenosis, constrictive pericarditis, valvular
stenosis, pericardiac tamponade, or with low ventricu-
lar filling pressure, or serious liver or renal failure.

New peptides obtained by recombinant technology
are being currently studied: ANP (28 amino acids),
mini-ANP (15 amino acids), anaritide (ANP 25 amino
acids), and vasonatride (chimera of ANP and CNP).
Anaritide produces vasodilatation of the afferent glo-
merular arteriole and vasoconstriction of the efferent
arteriole, increasing the speed of glomerular filtration
in patients with acute renal failure and oliguresis.

Vasopeptidase Inhibitors

These drugs inhibit various metallopeptidases,
such as NEP, that catalyze the degradation of vasodi-
lator and antiproliferative peptides (atrial natriuretic
peptides, kinins) and the angiotensin-converting
enzymes (ACE) and endothelin 1 conversion enzy-
mes (ECE)22,23 (Figure 2). The most representative
drug is omapatrilat, a mixed ACE/NEP inhibitor.3

This inhibition increases vasodilator mediators
(natriuretic peptides, adrenomedullin, kinins, pros-
tacycline-PGI2, NO) and reduces vasoconstrictor me-
diators (A-II, sympathetic tone). Omapatrilat achie-
ves higher reductions in systolic and diastolic blood
pressures than other antihypertensives (amlodipine,
lisinopril), regardless of patient age, sex and race. It
is absorbed well orally and reaches maximum plasma

concentrations after 0.5–2 h. It has a half-life of 14-
19 h, and so can be administered once a day. It is bio-
transformed into several inactive metabolites that are
eliminated through the kidneys and the half-life of
the drug is not altered in patients with renal failure.
The IMPRESS study (Intramural low Molecular
weight heparin for Prevention of Restenosis Study)
demonstrated that, in HF patients (functional class
II–III), omapatrilat was more effective than lisinopril
in improving symptomatology as well as in reducing
mortality and rehospitalization due to HF in the me-
dium-term.24 However, the OVERTURE study
(Omapatrilat Versus Enalapril Randomized Trial of
Utility in Reducing Events)—carried out in 5770 HF
patients in functional class II–IV, with an EF≤30%, a
third of whom were diabetic—showed that omapatri-
lat is not better than enalapril in reducing morbidity
and mortality in this subgroup of patients.25 On the
other hand, both this study and the OCTAVE study
(Omapatrilat Cardiovascular Treatment Assessment
Versus Enalapril), carried out in 25 267 hypertensive
patients, confirmed the appearance of angioedema in
patients treated with omapatrilat, which stopped the
product being marketed.26 In the OCTAVE study, the
incidence of angioedema was three times higher than
in patients treated with an ACEI (2.17 vs 0.68%),
while in the OVERTURE study it was 0.8% in pa-
tients treated with omapatrilat and 0.5% in those tre-
ated with enalapril.

Endothelin 1 (ET-1) Receptor Agonists

Endothelin 1 (ET-1) is the most powerful endoge-
nous vasoconstrictor. It is released by endothelial cells
and acts on underlying vascular muscle cells.
Endothelin-1 acts on two receptor subtypes, ETA, loca-
ted in vascular smooth muscle cells, myocardium, fi-
broblasts, kidney and blood platelets, and ETB, located
in endothelial and vascular smooth muscle cells and
macrophages. The stimulation of ETA receptors causes
vasoconstriction, salt and water retention, cardiac hy-
pertrophy and proliferative effects, and releases nore-
pinephrine and A-II. Stimulation of ETB causes vaso-
dilatation by releasing NO and eicosanoids from the
endothelial cells, and vasoconstriction by stimulating
the vascular smooth muscular cell receptors.27

Endothelin 1, through stimulation of ETA receptors,
also stimulates the release of cytokines and growth
factors (vascular endothelial growth factor, fibroblas-
tic growth factor, platelet-derived growth factor, TGF-
β) and facilitates platelet aggregation. The plasma va-
lues of ET-1 are increased in HF, especially in patients
with lung congestion, and the expression of ETB re-
ceptors in the endothelial cells is reduced (ETA expres-
sion increases or is unchanged). These changes are as-
sociated with worse prognosis.28 In recent years, the
effects of selective ETA and ETB receptor blockers
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have been investigated.29 All these drugs produce be-
neficial hemodynamic effects during short-term treat-
ment, which raised expectations concerning their use-
fulness in HF treatment. However, chronic treatment
has led to contradictory results.

Of the numerous ET-1 antagonists available, bosen-
tan (Research on Endothelin Antagonists in Chronic
Heart Failure [REACH] and Endothelin Receptor
Antagonist Bosentan in Lowering

Events in Heart Failure [ENABLE 1 and 2] stu-
dies)30,31 and tezosentan (Randomized Intravenous
TeZosentan Study [RITZ 1-4])32 have not proven bet-
ter than conventional treatment (diuretics, digoxin,
and ACEI) in reducing morbidity and mortality. The
REACH-1 study had to be stopped when an increase
in transaminase values was detected. In addition, in
patients with systolic HF (functional class II–III), tre-
atment with enrasentan for 6 months increased the
incidence of adverse reactions versus the placebo
group (21% vs 8%), tripled hospitalizations, and ten-
ded to increase mortality. Furthermore, the RITZ-4
study reported that tezosentan had a proischemic ac-
tion in patients with decompensated HF and acute
coronary syndromes,33 whereas the HEAT study
(Heart Failure ETA Receptor Blockade Trial) showed
that darusentan, a selective ETA receptor blocker,
does not modify hemodynamic parameters in HF pa-
tients. Thus, it seems that blocking the ET-1 recep-
tors does not offer many prospects in the future treat-
ment of HF.

Cytokine Inhibitors

These form a family of proteins that regulate cellu-
lar activation, differentiation, growth and death. It in-
cludes interleukins (IL), interferons, colony stimula-
tion factors (CSF), chemokines (RANTES, monocyte
chemotactic protein [MCP-1]), and cytotoxins (tumor
necrosis factor-alpha [TNF-α]). Cytokines are produ-
ced by endothelial cells, T lymphocytes, monocytes
and macrophages in response to various stimuli, and
participate in the inflammatory process of atheroma
plaque and in HF progression.34 In HF patients the
plasma values of TNF-α, IL-1β, IL-6, and IL-8,
MCP-1, and various adhesion molecules increase, re-
gardless of the pathogenesis of the process.35 The ori-
gin of these cytokines is unknown, although it has
been suggested that immunological activation indu-
ced by endotoxins in the digestive mucous membra-
ne, hemodynamic overload, production of free radi-
cals, and tissue hypoperfusion could be involved.

Tumor necrosis factor-alpha is a proinflammatory
protein that seems involved in the genesis of various
heart diseases (HF, myocardial infarction [MI], dilated
cardiomyopathy, myocarditis). Tumor necrosis factor-
alpha depresses cardiac contractility, increases protein
catabolism, and causes endothelial dysfunction, in-

flammation, dilatation, fibrosis and cardiac hyper-
trophy, neurohormonal activation and cardiomyocyte
apoptosis.36,37 Furthermore, it uncouples the β-adrener-
gic receptors and depresses cardiac contractility, by in-
creasing NO expression and by altering the intracellu-
lar kinetics of calcium.37 In patients with serious HF
the plasma values of TNF-α and TNF-α soluble recep-
tors (sTNF-R1 and sTNF-R2) increase, particularly in
patients in the decompensation phase or with cachexia.
Transgenic mice with TNF-α overexpression have a
dilated cardiomyopathy phenotype, HF and lower sur-
vival.38,39

Etanercept is a fusion protein formed by two solu-
ble ligand molecules for the TNF-α-R2 receptors fu-
sed to the Fc fragment of human IgG, that binds to
TNF-α and inhibits its binding to its membrane re-
ceptors. In short-term studies, it improves symptoms
and increases exercise tolerance, but these effects di-
sappear in chronic treatment. This is why the RE-
NAISSANCE (Randomized Etanercept North
AmerIcan Strategy to Study ANtagonism of
CytokinEs) and RECOVER (Research into
Etanercept: CytOkine Antagonism in VentriculaR
dysfunction) studies have been stopped. Recently, the
results of the ATTACH (Anti-TNF Therapy Against
Congestive Heart failure) study were published, de-
monstrating that treatment with infliximab (5 and 10
mg/kg for 28 weeks) increased hospitalization and
HF mortality at the highest dose tested.40

Unlike etanercept, which neutralizes the effects of
TNF-α, pentoxifylline inhibits various cytokines
(TNF-α, IL-1β, and interferon-γ). In patients with
idiopathic dilated cardiomyopathy (functional class
II–III; EF <40%) treated with digoxin, ACEI, and car-
vedilol, pentoxifylline improved symptomatology, EF,
and exercise tolerance at a dose which did not modify
blood pressure or heart rate (400 mg/12 h).41 It also lo-
wers Fas/APO-1 values, a surface receptor involved in
cardiac apoptosis processes. In patients treated with
digoxin and ACEI similar results were observed.42

However, we do not know its effects in the long-term
or on mortality. Other cytokine inhibitors are shown in
Table 1. Intravenous immunoglobulin increases EF
and exercise tolerance and reduces PCP, IL-1 values
and soluble TNF-α receptor density in HF patients.43,44

These effects have been attributed to the neutralization
of microbial antigens, blockage of the Fc receptor, and
apoptosis inhibition. Recently, the immunoadsorption
technique has been applied to patients with dilated car-
diomyopathy, and improvements in EF, functional ca-
pacity and ventricular structure have been reported.45

It should be noted that other drugs that do not mo-
dify (amlodipine, PRAISE [Prospective Randomized
Amlodipine Survival Evaluation] study) or reduce
morbidity and mortality in HF patients (enalapril,
candesartan, or the beta-blockers metoprolol and car-
vedilol) also inhibit TNF-α values.
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Vasopressin Receptor Antagonists

This neurohormone is synthesized in the hypotha-
lamus and is stored and released by the neurohypo-
physis in response to different stimuli (increase in
plasma osmolarity, hypotension, increase in A-II va-
lues).46 Vasopressin acts on two types of receptors:
V1 (subtypes V1A and V1B) and V2 (Figure 3). The
V1A receptors are located in the vascular smooth
muscle cells, blood platelets, mesangial cells, collec-
tor tubule, central nervous system, and liver. Its sti-
mulation causes arteriovenous vasoconstriction and
cardiac hypertrophy. The stimulation of V1B recep-
tors, located in the anterior hypophysis, facilitates the
release of ACTH, whereas stimulation of V2 recep-
tors, located in the collector tubule, cause greater re-
absorption of free water, water retention and hypona-
tremia by dilution.

Conivaptan (YM-087) is a V1A and V2 receptor an-
tagonist that increases diuresis and clearance of free
water with minimum Na loss, thereby diminishing uri-
nary osmolarity.47 Thus, it would be useful in patients
with HF, edemas and hyponatremia who frequently
present resistance to thiazidic or loop diuretics. In fact,
conivaptan increases urinary excretion even in patients
resistant to furosemide. However, its effects on neuro-
hormonal activation or morbidity and mortality in HF
patients remain unknown. During treatment dizziness,
hypotension, polyuria, constipation and thirst appear.
Two selective V2 receptor antagonists (OPC-41061 or
tolvaptan and VPA-985) are currently under clinical
development in HF patients. However, the effects of
all these drugs on mortality in such patients remains
unknown.46

Aldosterone Antagonists

Ventricular pressure overload increases extracellu-
lar matrix production by cardiac fibroblasts and redu-
ces ventricular elastance in patients with hyperten-
sion, cardiac hypertrophy, and HF. Angiotensin-II
(via AT1 receptors) and aldosterone increase intersti-
tial and cardiac perivascular fibrosis, although the re-
lease of aldosterone is independent of A-II release
and increases the extracellular matrix, even in the
presence of an ACEI. Furthermore, aldosterone cau-
ses renal retention of Na and greater excretion of K
and Mg, baroreceptor dysfunction, strengthens cate-
cholamine effect and increases ventricular arrhyth-
mogenicity.48,49

Spironolactone is an aldosterone receptor antago-
nist. In the RALES study (Randomized Aldactone
Evaluation Study) the effects of suppresive doses of
spironolactone (25 mg/day) were analyzed in patients
with serious HF (functional class III–IV) treated for 24
months with triple therapy. Functional class improved,
hospitalizations were reduced and survival increased

by 30%.50 Gynecomastia, hyperkalemia, and increases
in plasma creatinine values can appear during treat-
ment and should be suspended if hyperkalemia is >6
mmol/L and creatinine values >4 mg/dl. These results
indicate that spironolactone should form part of the
treatment for serious HF (functional class IV). The fin-
ding that spironolactone lowers the plasma values of
procollagen type III aminoterminal peptide confirms
the importance of fibrosis inhibition in its effects.51

Recently, the EPHESUS study (Eplerenone
Neurohormonal EFficacy and Survival Study) de-
monstrated that eplerenone, another aldosterone anta-
gonist, reduced total mortality, cardiovascular morta-
lity and sudden death, as well as hospitalizations due
to HF in patients with previous MI and HF.52

Eplerenone has high affinity for mineral corticoid re-
ceptors and low affinity for estrogen and progesterone
receptors (<1% and 0.1% of that presented by spirono-
lactone), which entails a lower incidence of gyneco-
mastia (0.5%), impotence (0.1%) and hyperkalemia
(3.4%) than with spironolactone. An additional advan-
tage of both aldosterone antagonists is that their bene-
ficial effects persist in patients treated with beta-bloc-
kers and ACEI.

Other Drugs

Currently, the safety and efficacy of the following
drugs are being evaluated:

Adenosine A1 Receptor Antagonists

The stimulation of adenosine A1 receptors, located
in the afferent arteriole, causes vasoconstriction and
reductions in renal blood flow, and increases the re-
absorption of Na in the proximal and distal tubules.
Furthermore, the increase in Na load in the distal tu-
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Fig. 3. Mechanisms that regulate vasopressin synthesis and effects
mediated by vasopressin when interacting with its specific receptors. 
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bule causes an increase in adenosine values that re-
duces the speed of glomerular filtration via a tubulo-
glomerular feedback process. The A1 receptor anta-
gonists cause selective vasodilatation of the afferent
glomerular arteriole and natriuretic action as a conse-
quence of their effects on the proximal and distal tu-
bules. BG9719/CVT-124 is an A1 receptor antagonist
that has been demonstrated to cause diuresis and
maintain glomerular function in clinical trials.53-55 In
HF patients treated with an ACEI, BG9719 increases
the volume and excretion of Na in urine. The admi-
nistration of BG9719 with furosemide also increases
diuresis and glomerular filtration speed. Furthermore,
this combination prevents the reduction in creatinine
clearance produced by furosemide, which confirms
that BG9719 can prevent deterioration in renal func-
tion in HF patients and the reduction in glomerular
filtration produced by loop diuretics.55

New Sympathetic Drugs

Nepicastat is a dopamine β-hydroxylase inhibitor
that reduces norepinephrine synthesis and the stimu-
lation of adrenergic receptors α1, β1, and β2.
Furthermore, it increases dopamine release from the
sympathetic nerve terminals which causes renal vaso-
dilatation. In dogs with chronic HF (EF, 30%-40%),
nepicastat at low doses normalizes plasma concentra-
tions of norepinephrine, attenuates ventricular remo-
deling and prevents systolic dysfunction progression.
However, at high doses, that normalize plasma nore-
pinephrine values, there is no significant improve-
ment in ventricular function and morphology.56 This
finding suggests that a certain degree of sympathetic
activation is necessary even in the presence of HF.
The combination of low doses of nepicastat and ena-
lapril increased minute volume and prevented ventri-
cular remodeling, producing a beneficial effect simi-
lar to that observed when combining beta-blockers
and ACEI.

Nolomirole (CHF-1024) is a α2 and DA2 presynap-
tic receptor agonist that reduces the release of norepi-
nephrine and the sympathetic tone.57 The ECHOS
study (EchoCardiography and Heart Outcome Study)
analyzed the effects of nolomirole on a population of
patients similar to the study DIAMOND (Danish
Investigations of Arrhythmia and Mortality On
Dofetilide).

Drugs That Improve Cardiac Metabolism

Fatty acids are the main source of energy during
cardiac ischemia, but they uncouple oxidative phosp-
horylation and increase myocardial demands for O2. In
these circumstances, partial fatty acid oxidation
(pFOX) inhibitors increase glucose oxidation and
could increase cardiac efficiency. Increases in glucose

oxidation can be obtained with several enzyme inhibi-
tors: etomoxir (carnitine palmitoyl transferase 1), ox-
fenicine, methyl palmoxyrate, S-15176, perhexiline,
aminocarnitine (carnitine palmitoyl transferase 1),
hydrazonopropionic acid (carnitine acylcarnitine trans-
locase), MET-88 (γ-butyrobetaine hydroxylase), trime-
tazidine and ranolazine (acetyl-CoA C-acyltransfera-
se), hypoglycin (butyryl coenzyme A dehydrogenase),
and dichloroacetate (pyruvate dehydrogenase kinase).

Etoxomir is an inhibitor of the carnitine palmitoyl
transferase 1 (CPT-1), a mitochondrial enzyme that in-
hibits the transport of long-chain acyl coenzyme A
compounds, while promoting glucose transport toward
the mitochondria. In animal models, etoxomir reverses
the changes in fetal gene expression, preserves cardiac
function and prevents ventricular dilatation.58 In HF
patients (functional class II–III), the administration of
etoxomir for 3 months improves EF (from 21.5% to
27%) and cardiac minute volume, and diminishes
PCP; that is, ventricular systolic function impro-
ves.59,60 Given that the drug does not modify blood
pressure (which suggests that it does not alter afterlo-
ad), the authors think that the increase in ventricular
function produced by etoxomir might be due to an in-
crease in the expression of SERCA2a. However, long-
term controlled studies are needed to reliably confirm
the effects of etoxomir.

Ranolazine is a pFOX inhibitor that suppresses the
oxidation of fatty acids and improves ventricular func-
tion in animal models. This improvement can be attri-
buted to better ATP synthesis by consumed O2 and/or
to a more efficient use of ATP by cardiac cells.61,62

Growth hormone (GH) causes hemodynamic and
functional improvement in HF patients secondary to
dilated cardiomyopathy although its long-term effects
are unknown. In patients with type 1 diabetes, nephro-
pathies or cachexia it reduces GH receptor expression
and resistance to GH might appear.63

Older Drugs

Angiotensin-converting enzyme inhibitors, beta-
blockers, angiotensin II AT1 receptor antagonists
(ARA-II), and spironolactone have shown their safety
and efficacy in patients with HF. It has been demons-
trated that ACEI reduce mortality and morbidity in pa-
tients with ventricular systolic dysfunction, with or
without HF symptoms, due to heart attack or chronic
evolution (SAVE, TRACE, AIRE, CONSENSUS,
VHEFT, SOLVD). In addition, they prevent or delay
the appearance of symptoms in patients with asympto-
matic HF.64 These studies also show that ACEI reduce
the risk of myocardial infarction and the incidence of
atrial fibrillation.65 The protective anti-ischemic action
of ACEI has been confirmed in the HOPE study66 and
their vasculoprotective action in the PEACE and EU-
ROPE studies.
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Three beta-blockers—carvedilol (COPERNICUS,
CAPRICORN), metoprolol (MERIT-HF), and biso-
prolol (CIBIS II)—have demonstrated reductions in
morbidity and mortality in HF patients in various de-
grees of functional deterioration.64,67,68 Recently, the
COMET study (Carvedilol Or Metoprolol European
Trial) reported greater reductions in mortality in HF
patients with carvedilol, thus making it preferable to
metoprolol. However, the relative efficacy of bisopro-
lol and carvedilol is unknown.69 This study has shown
that carvedilol prolongs the life of HF patients by 1.4
years more than β1-selective blocking agents.
Currently, the SENIORS study (Outcomes and
Rehospitalisation in Seniors with Heart Failure) is in-
vestigating the effects of nebivolol on 2000 patients
≥70 years old with an EF≤35%, and the BETACAR
study (BETAxolol vs CARvedilol in chronic heart fai-
lure) is investigating the effects of carvedilol and beta-
xolol. The CIBIS 3 study is comparing the possible
impact of initiating treatment with bisoprolol or ACEI.
A large percentage of HF patients present areas of hi-
bernating myocardium and according to the CHRIST-
MAS study, carvedilol has a beneficial effect on these
patients.70

However, despite their undoubted efficacy, ACEI
and beta-blockers are prescribed infrequently (in less
than 60% of patients) and at doses lower than those
used in clinical trials. On the other hand, their useful-
ness in patients with diastolic dysfunction and in black
people remains unclear. At present, in the A-HeFT
(African American Heart Failure) study the effects of
the hydralazine-isosorbide dinitrate combination on
black patients with HF (functional class III–IV) are
being compared to placebo.

The safety and efficacy of ARA-II have been com-
pared to those of ACEI and placebo (Table 2). In the
ELITE II (Evaluation of Losartan in the Elderly),
OPTIMAAL (Optimal Trial in Myocardial infarction
with the Angiotensin II Antagonist Losartan), Val-
HeFT (Valsartan in Heart Failure Trial), and VA-
LIANT (Valsartan In Acute MyocArdial INfarction
Trial) studies no differences were observed in morta-
lity in patients in functional class II–IV treated with
captopril and losartan or valsartan, respectively.71-75

However, in the ValHeft study a reduction in rehospi-
talizations was reported when comparing valsartan
with placebo. Recently, the CHARM study
(Candesartan cilexitil in Heart failure Reduction in
Mortality and morbidity) investigated the effects of
candesartan in three substudies: 2300 HF patients
with EF<40% treated with ACEI, 1700 patients with
EF<40% and intolerance to ACEI, and 2500 patients
with EF>40% not treated with ACEI.76–79 The pri-
mary aim was to study mortality from any cause, car-
diovascular mortality and hospitalizations due to HF.
The results of the study showed that: a) in patients
with symptomatic HF, EF<40%, and intolerance to

ACEI, candesartan reduces mortality and cardiovas-
cular morbidity (CHARM-alternative). In this sub-
group, the leading causes of intolerance to ACEI
were cough (72%), symptomatic arterial hypotension
(13%), or renal dysfunction (12%); b) the addition of
candesartan to an ACEI (and a beta-blocker) causes a
reduction in cardiovascular morbidity and mortality
in HF patients, although not in global mortality
(CHARM-added). This benefit is obtained with rela-
tively few adverse effects, although there is an incre-
ase in the risk of hypotension, hyperkalemia, and re-
nal dysfunction, and c) in HF patients in functional
class II–IV with EF>40% treated with an ACEI, can-
desartan (CHARM-preserved) does not modify car-
diovascular mortality, but does reduce hospitaliza-
tions for HF and the appearance of diabetes mellitus.

NEW POSITIVE INOTROPIC DRUGS

Positive inotropic drugs have been widely utilized
in the treatment of HF. However, the majority (sym-
pathomimetic: dopamine, dobutamine, floxequinan;
phosphodiesterase III inhibitors: amrinone, milrino-
ne, enoximone, vesnarinone) increase mortality. The
exception is digoxin which, in the DIG study, did not
modify mortality, but did reduce symptomatology
and hospitalization for HF.80 This increase in morta-
lity has been attributed to their ability to increase in-
tracellular values of cAMP, either by increasing
adenylate cyclase (β-adrenergic agonists) activity or
by inhibiting its degradation (phosphodiesterase III
inhibitors). The increase in cAMP cardiac values ac-
tivates protein kinase A that phosphorylates L-type
Ca channels and increases the influx of Ca through
them and the intracellular concentration of free Ca
([Ca]i). The increase of [Ca]i in contractile proteins
increases contractility, but also heart rate, myocardial
O2 (MVO2) demand, and necrosis and cardiac apopto-
sis processes. All these effects increase the incidence
of ischemic heart disease, high-risk ventricular
arrhythmias and patient mortality. Despite these
drawbacks, there is renewed interest in the use of
low-dose phosphodiesterase III inhibitors in combi-
nation with beta-blockers in advanced HF patients.81

These patients depend on sympathetic tone to main-
tain cardiac function and therefore they tolerate beta-
blockers poorly; in these circumstances phosphodies-
terase III inhibitors facilitate treatment with
beta-blockers which counteract their proarrhythmic
effects. Whether this drug combination is of real use
remains to be demonstrated.

Drugs That Increase Sensitivity of Contractile
Protein to Calcium

Troponin (Tn) is a globular protein which exists as 3
subunits: T (38 kDa), C (18 kDa), and I (22 kDa).

Tamargo J, et al. Rationale and Clinical Evidence for the Effects of New Pharmacological Treatments for Heart Failure

123 Rev Esp Cardiol 2004;57(5):447-64 455



Troponin C lies between TnT and TnI and is the subu-
nit to which Ca binds. During diastole ([Ca]i=0.1
µmol/L), actin is covered by TnI and  tropomyosin,
which forms a complex that prevents actin binding to
the globular heads of the myosin and increases its
ATPase activity. During systole [Ca]i (0.6–1 µmol/L)
increases and Ca interacts with TnC producing a con-
formational change, such that the TnI rotates and dis-
sociates from the actin and tropomyosin. This makes it
possible to free active zones in the actin surface which
become the points where cross-linking with the myo-
sin head takes place.82 The formation of cross-links
between the actin and myosin allows the thin actin fi-
laments to slide over the thick ones of myosin, shorte-
ning the length of the sarcomere during systole.
During relaxation [Ca]i decreases, and this facilitates
TnI and tropomyosin returning to their initial position
and prevents actin-myosin coupling and the formation
of cross-links.

Levosimendan

A new group of positive inotropic drugs has appea-
red recently that bind to TnC and increases its sensi-
tivity to calcium. Levosimendan binds to the N-ter-
minal domain of TnC, which is the point at which Ca
binds to produce the contractile response, and pro-
longs the conformational changes produced in TnC
by increasing [Ca]i.

83,84 As a consequence, it accelera-
tes the formation and number of cross-links between
the actin and myosin. The result is that, in the presen-
ce of levosimendan, the contractile force developed
increases for any concentration of intracellular Ca,
and this inotropic effect is not accompanied by chan-
ges in cardiac relaxation.84,85 The effects of levosi-
mendan do not modify [Ca]i, consumption of ATP,
myocardial demands for O2 or ventricular relaxation.
Thus, it has been suggested that the persistence of
cross-linking would be the most efficient way to in-

crease contractility in terms of energy.83 The effect of
levosimendan is regulated by [Ca]i, such that when
decreasing during diastole, the drug dissociates from
TnC and therefore does not delay ventricular relaxa-
tion.84

In vascular smooth muscle cells, levosimendan ac-
tivates ATP-sensitive K channels.86,87 Consequently, it
hyperpolarizes cellular membrane potential, diminis-
hes the probability of the L-type Ca entry channels
opening, and increases the output of Ca via the Na-
Ca exchanger. The result of these effects is a reduc-
tion of [Ca]i in vascular smooth muscular cells that
translates into systemic arteriovenous, pulmonary ar-
tery, and coronary vasodilatation that reduces pre/af-
terload.

In animal models and in HF patients, levosimen-
dan produces a dose-dependent increase in cardiac
contractility, stroke volume, minute volume and sys-
tolic blood pressure of the left ventricle, but does not
modify or even accelerate the speed of ventricular
relaxation.84,87 This increase in contractility is main-
tained even in the presence of dopamine.
Furthermore, in contrast to dobutamine, the increase
in ventricular contractility produced by levosimendan
persists even in patients treated with β-adrenergic
blocking agents.88 In animal models of coronary is-
chemia-reperfusion, levosimendan does not modify
myocardial O2 consumption, but does increase coro-
nary blood flow, an effect that is counteracted with
glibenclamide, a inhibitor of selective K (ATP) chan-
nels, which confirms their key role in coronary vaso-
dilatation.84

Patients with stable HF. When administered i.v. to
patients with systolic HF (functional class III–IV),
levosimendan improves hemodynamic alterations
(increases minute volume and diminishes pulmonary
capillary and right atrial pressures), dyspnea and fati-
gue, and shortens hospital stay and reduces readmis-
sions.89,90 Levosimendan does not modify catechola-
mine plasma values, but in patients in functional
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TABLE 2. Studies of Morbidity and Mortality With Angiotensin II Receptor Antagonists in Heart Failure*

Studya Angiotensin II Receptor Antagonist Heart Failure Global Mortality Rehospitalization

ValHeft Valsartan/placebo CHF NS V better than P

CHARM Alternativec Candesartan/placebo CHF C better than Pb C better than P

CHARM Added Candesartan/placebo CHF C better than Pb C better than P

CHARM Preserved Candesartan/placebo Various NS C better than P

ELITE II Losartan/captopril CHF NS NS

OPTIMAAL Losartan/captopril VD/HF post-AMI NS NS

VALIANT Valsartan/captopril VD/HF post-AMI NS NS

VALIANT Valsartan + captopril/captopril VD/HF post-AMI NS NS

*ARA-II indicates angiotensin II receptor antagonists; C, candesartan; VD, ventricular dysfunction; AMI, acute myocardial infarction; HF, heart failure; CHF, conges-
tive heart failure; ACEI, angiotensin II receptor antagonist inhibitors; NS, nonsignificant; P, placebo. aPatients with systolic dysfunction and reduced ejection frac-
tion, except in CHARM-Preserved. bCardiovascular mortality. cWithout ACEI in the ARA-II group.



class III–IV it lowers pulmonary ET-1 values.84,91

Patients with decompensated HF. In the RUSSLAN
study (Randomized stUdy and Safety and
effectivenesS of in Levosimendan patients with left
ventricular failure after an Acute myocardial iNfarct),
the effects of levosimendan (6, 10, 12, or 24 µg/kg bo-
lus for 10 min followed by an infusion of 0.1, 0.2, or
0.4 µg/kg/min for 6 h) were compared with placebo in
502 patients with HF after acute myocardial
infarction.92 The primary aim of the study was to iden-
tify the proportion of patients who developed signifi-
cant arterial hypotension or ischemia. Differences
were only found in the incidence of hypotension or is-
chemia between the group treated with the maximum
dose of levosimendan and the placebo group.
Levosimendan produced a dose-dependent significant
reduction in the combined risk of worsening HF and
death compared to the group treated with placebo, at 6
h treatment (2.0% vs 5.9%; P=.033) as well as at 24 h
(4.0% vs 8.8%; P=.044). After 14 days, total mortality
was less in the active group than in the placebo group
(11.4% vs 19.6%, P=.029).

The LIDO study (Levosimendan Infusion versus
DObutamine) compared the administration of levosi-
mendan (24 µg/kg i.v. followed by an infusion of 0.1
µg/kg/min) and dobutamine (5 µg/kg/min) for 24 h in
patients with decompensated HF.88 If the cardiac in-
dex increased less than 30% after 2 h of infusion, le-
vosimendan dose was increased up to 0.2 µg/kg/min
and dobutamine up to 10 µg/kg/min. Both drugs im-
proved symptomatology, reduced PCP and increased
cardiac index. However, more patients in the levosi-
mendan group showed increases in minute volume
≥30% and a reduction in PCP≥25% than in the dobu-
tamine group (28% vs 15%; P=.02). There were also
more patients in the group treated with levosimendan
(28% vs 15%) who did not need rescue medication
after 24 h. Furthermore, levosimendan reduced mor-
tality more at 180 days (27% vs 38%) and signifi-
cantly increased the number of days out of hospital at
6 months follow-up (133 days vs 157 days; P=.027.
The total incidence of adverse reactions and of tach-
yarrhythmias was greater in the group treated with
dopamine, although the group treated with levosi-
mendan presented more arterial hypotension episo-
des. In fact, in the LIDO and RUSSLAN studies, it
was not possible to demonstrate that levosimendan
increases the incidence of cardiac arrhythmias.

Currently, 2 studies are investigating the effects of
levosimendan on HF patients. In the SURVIVE
study, 180-day total mortality is being compared to
dobutamine, and in the REVIVES study the efficacy
and safety of levosimendan is being compared to pla-
cebo.

MODULATION OF VENTRICULAR
REMODELING

Ventricular remodeling in patients with arterial hy-
pertension and chronic HF or previous infarction con-
tributes to disease development, with progressive
functional and anatomical deterioration and, ultima-
tely, is related to a worse prognosis.93,94 Remodeling is
a complex and dynamic process that develops slowly
and progressively, in which mechanical factors inter-
vene (increases in intraventricular pressure and neuro-
hormones and changes in gene expression). The car-
diac extracellular matrix includes the collagen fiber
network (types I and III), the basal membrane and the
proteoglycans. The matrix represents a dynamic balan-
ce between mechanisms that facilitate their synthesis
and degradation.

The metalloproteinases (MMP) are a large group
of enzymes (collagenases [MMP-1, 8, 13, and 18],
gelatinases [MMP-2 and 9], stromelysins [MMP-3,
10, and 11], matrilysins [MMP-7], metalloelastase
[MMP-12], and membrane–type [MMP-14-17]) rele-
ased by fibrosblasts and cardiac, vascular smooth
muscle and endothelial cells. They regulate the com-
position of the extracellular matrix.94,95 The expres-
sion of MMP is stimulated by free radicals, cytokines
(TNF-α, IL-1), growth factors (connective tissue
[CTGF], epidermal [EGF], platelet-derived [PDGF]
or fibroblastic [FGF]) and A-II (through AT2 recep-
tors). There are also endogenous metalloprotein inhi-
bitors (TIMP) and pharmacological metalloprotein
inhibitors (tetracyclines, anthracyclines, phosphona-
midates, hydroxamates [batimastat, ilomastat, mari-
mastat, prinomastat], beta-blockers, glucocorticoids,
retinoides, and heparin).94,95 MMP and TIMP coex-
press in various types of inflammatory and endothe-
lial cells and fibroblasts. TIMP-1 and 2 are diffusible
and are found in the interstitial compartment, where-
as TIMP-3 is found bound to different components of
the extracellular matrix. Two types of MMP-3 inhibi-
tors have been described that act as zinc-chelating
agents in the catalytic domain of the enzyme: galar-
din, which binds zinc to a hydroxamic acid group;
and PD 180557 and PD 166793, that chelate zinc due
to the presence of carboxylic acid groups.96

Metalloproteinases and TIMP are closely linked to
the remodeling process. During the ventricular remo-
deling process, which facilitates progression toward
HF and cardiac rupture, there are increases in the ex-
pression of MMP-1, 2, 3, and 9, and reduced activity
of TIMP-1 and 3 in atheroma plaque and after angio-
plasty. There is also reduced TIMP-1, 3 and 4 expres-
sion in patients with ischemic heart disease, and in
mice with TIMP-1 deficiency ventricular hyper-
trophy appears as well as increases in end-diastole
volume.94-101 All this facilitates collagen accumula-
tion and cardiac fibrosis. Furthermore, some poly-
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morphisms of MMP-3, 9, and 12 increase the inci-
dence of ischemic heart disease and aortic
aneurysms, and deletions of MMP-9 inhibit ventricu-
lar dilatation after myocardial infarction.95 In addi-
tion, in animal models, TIMP reduce ventricular dila-
tation and improve the post-infarction ventricular
function.94,95 In transgenic mice, deletion, or overex-
pression of MMP regulates the cardiac architectu-
re.101-103 Taken as a whole, this evidence suggests that
the inhibition of cardiac MMP could prevent ventri-
cular dysfunction and delay HF progression.
However, the factors that regulate the activity of each
MMP in the human myocardium and their role re-
mains unknown, in addition to whether the improve-
ment in ventricular function involves a reduction in
patient mortality.94,95 Despite this, we know that the
reduction in ventricular hemodynamic overload redu-
ces MMP and increases TIMP.

In an attempt to reduce cardiac fibrosis and its ad-
verse effects on ventricular function, various drugs
have been utilized. These include ACEI, pirfenidone
(that inhibits the synthesis of collagen induced by
TGF-β and various cytokines), pentoxifylline (that
increases the cardiac values of adenosine) and ALT-
711 (4.5-dimethylthiazolium chloride, that breaks co-
llagen cross-linking). In turn, some drugs and cellu-
lar mediators worsen the clinical picture of
remodeling, whether by increasing collagen synthesis
(GH, bradykinin inhibitors), or by inhibiting its de-
gradation (recombinant TIMP, phenytoin, retinoids,
MMP inhibitors). Angiotensin-converting enzyme
inhibitors, ARA-II, and spironolactone reduce extra-
cellular matrix collagen, and the β-adrenergic bloc-
king agents reduce MMP.94,104 Angiotensin II receptor
antagonists also lower the values of prolyl-4-hy-
droxylase (P4H).102 Nitrates preserve collagen in the
infarct area and prevent the reduction of collagen du-
ring reperfusion.94 Endothelins increase collagen
synthesis and lower MMP values,94 while endothelin
receptor blocking agents reduce post-infarction sca-
rring of the myocardium. Bradykinin increases MMP
and reduces collagen, whereas adenosine, which in-
creases the cardiac values of cAMP, cGMP and NO,
reduces fibrosis.94

The plasminogen/plasmin system participates in
ventricular remodeling, since it activates various
MMP and releases TGF-β, which inhibits cellular pro-
liferation and collagen clustering.95 This system can be
amplified by urokinase and tissue plasminogen activa-
tor (tPA) or inhibited by plasminogen activator inhibi-
tor (PAI-1). In conclusion, the modulation of cardiac
remodeling is an interesting therapeutic target, even
though current treatment is far from ideal. From a
practical standpoint, and up to the present, a reduction
in ventricular remodeling has only been demonstrated
with ACEI and beta-blockers.

OTHER TREATMENTS

Genetic Therapy

Alterations in the intracellular metabolism of Ca
and in the intracellular signaling pathway of the 
β-adrenergic receptors have been identified in HF pa-
tients.105,106 These constitute possible therapeutic tar-
gets although there is still no clinical evidence to sup-
port their introduction into clinical practice.

Alterations in the Cellular Kinetics of Ca

Calcium ions perform a central role in cardiac con-
traction-relaxation.106,107 In HF there are various alte-
rations in the cardiac metabolism of Ca that lead to
an increase in [Ca]i during diastole, secondary to re-
duced activity of ATPase dependent on calcium from
the sarcoplasmic reticulum (SERCA2a), and to incre-
ased activity of the sarcolemmal Na-Ca exchanger
(NCX). In animal models of HF, SERCA2a mRNA
and its enzymatic activity decrease. Both effects are
involved in the transition from compensatory hyper-
trophy to HF. The activity of SERCA2a is regulated
by phospholamban (PLB). When PLB is not phosp-
horylated, it inhibits SERCA2a activity, whereas the
phosphorylation of PLB increases SERCA2a affinity
for Ca and Ca uptake by the sarcoplasmic reticulum.
Furthermore, in failing myocardium the values of
phosphorylated PLB decrease and the expression and
activity of a protein phosphatase 1 increase. As a
consequence, most PLB is dephosphorylated, which
diminishes SERCA2a affinity for Ca, increases dias-
tolic [Ca]i and delays relaxation.108,109 On the other
hand, the inactivation of phospholamban or the inhi-
bition of its expression increase cardiac contraction
and SERCA2a affinity for Ca, which entails an acce-
leration in cardiac relaxation.108,109 SERCA2a activity
can be increased by inhibiting PLB expression, incre-
asing the expression of dominant negative mutants of
PLB, administering PLB inhibitors, or increasing
SERCA2a expression. Gene transfer of SERCA2a
increases contractility and accelerates cardiac rela-
xation,105,110–112 but it also increases sarcoplasmic reti-
culum Ca content and prolongs ventricular repolari-
zation which facilitates the appearance of late
afterpotentials in failing myocardium. Beta-blockers,
etomoxir and MET-88 increase SERCA2 expression,
and this effect could be involved in their capacity to
improve ventricular function.113

Ventricular hypertrophy, dilated cardiomyopathy,
aortic stenosis, hypothyroidism or aging diminish
SERCA2a activity and increase PLB activity, thereby
delaying relaxation, whereas in hyperthyroid patients
the opposite occurs. On the other hand, the increase in
cAMP values induced after the stimulation of β1-adre-
nergic receptors (Rβ1), or the inhibition of cardiac
phosphodiesterase III, phosphorylate PLB and reduce
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its inhibitory action on SERCA. Furthermore, capto-
pril and Rβ1 agonists increase SERCA2a activity
and/or diminish that of PLB, thereby accelerating ven-
tricular relaxation.

In HF there is increased expression of the NCX1

gene, which codes the Na-Ca exchanger, and this in-
creases the influx of Ca2+ into the cardiac myocyte,
prolongs action potential duration and facilitates the
appearance of early and late afterpotentials, i.e. the ap-
pearance of cardiac arrhythmias in the failing myo-
cardium.114

Regulation of the β-Adrenergic Receptor
Signaling Pathways

The β-adrenergic receptor signaling pathway plays
an important role in cardiac contractility control, both
in the normal and failing myocardium. In HF there are
various alterations in this pathway: a reduction in the
density of β1-adrenergic receptors, inhibition of adeny-
late-cyclase activity, adrenergic receptor and Gsa pro-
tein uncoupling, greater β1-adrenergic receptor kinase
activity (βARK, that desensitizes the β1- and β2-adre-
nergic receptors) and an increase in Gi protein expres-
sion.115

Ventricular contractility is increased in mice that
overexpress β1- and β2-adrenergic receptors, adenylate
cyclase and Gsα protein, or where βARK or the phosp-
holamban-coding gene is inhibited. However, sustained
β-adrenergic stimulation or overexpression of adrener-
gic β1-receptors or Gsα proteins produce a cardiomyo-
pathy phenotype characterized by hypertrophy and fi-
brosis, induce cardiac apoptosis and increase the
incidence of arrhythmias;116,117 furthermore, they induce
the expression of proinflammatory cytokines (TNF-α,
IL-1, and IL-6), which lowers contractility even more
and facilitates cardiac expansion.118 In turn, overex-
pression of adrenergic β1-receptors diminishes contrac-
tility and heart rate and produces a cardiomyopathy
phenotype.119,120 It is not, then, surprising that drugs
that increase sympathetic tone (dobutamine, prenalte-
rol, xamoterol) facilitate HF progression and shorten
the survival of HF patients. On the other hand, adrener-
gic receptor desensitization in HF patients is associated
with an increase in βARK1 expression. Overexpression
of a βARK1 inhibitor restores coupling among recep-
tors and Gsa protein and increases cardiac contractility,
which offers a new therapeutic option.121 In mice un-
dergoing chronic treatment with carvedilol, cardiac
adrenergic β1-receptor coupling increases, which is as-
sociated with a lower expression of βARK1.

Anemia as a Therapeutic Target

Anemia is a factor that contributes to HF sympto-
matology, and in HF patient records reductions in he-
moglobin have been related to a worse prognosis. A

high percentage of HF patients are anemic, and treat-
ment with iron supplements and erythropoietin impro-
ves symptoms and morbidity.122 At present, various
studies are investigating the effects of this treatment
on morbidity and mortality in HF patients.

Antiapoptotic Treatment

Programmed cell death plays an important role in
the regulation of cardiovascular homeostasis.
Apoptosis contributes to cardiomyocyte loss in pa-
tients with coronary ischemia and HF, participates in
ventricular remodeling in patients with previous MI,
and is strengthened by neurohormone activation, thus
participating in HF progression. In patients with is-
chemic heart disease or HF, the cellular values of
proapoptotic proteins ([Bax, Bak, Bcl-xS/L, FasL],
mitochondrial cytochrome c, and caspases 3 and 9)
increase, whereas those of antiapoptotic proteins
(Bcl2, BclxL, BclB, Bclw) decrease. The caspases
also render some antiapoptotic proteins (Bcl, BclxL)
inactive and even convert them into proapoptotic
fragments. These findings suggest that cardiac apop-
tosis plays an important role in HF progression and
that antiapoptotic therapy could save viable myocy-
tes in HF patients. The overexpression of Bcl2 and
suppression of the Bax (BclxL) subfamily increase
cardiac survival, whereas caspase-3 activation incre-
ases apoptosis and its inhibition reduces apoptosis
during ischemia. Similarly, FasL inhibition reduces
cardiac apoptosis in ischemia models. In animal mo-
dels endogenous caspase inhibitor analogues (FLIP-
caspase 8, IAP-caspase proteins 3 and 9, zVAD-cas-
pases 8 and 10) have been used. The stimulation of
β-receptors increases cardiac apoptosis, which could
explain the increase in mortality produced by β-adre-
nergic agonists in HF patients. On the other hand,
statins, ACEI, and some ARA-II (candesartan) and
beta-blockers (carvedilol, which increases Bcl-2 ex-
pression) inhibit cardiac apoptosis produced by in-
flammatory mediators, cytokines, and free radicals,
which could be the reason why all these drugs reduce
mortality in HF patients. The ischemic conditioning
phenomenon produced by agonists of the mitochon-
drial potassium channels regulated by ATP has been
attributed to their ability to eliminate changes in mi-
tochondrial potential and cardiac apoptosis.123

Nevertheless, before proposing antiapoptotic therapy
in the treatment of cardiovascular disease, we should
understand better the role of apoptosis in the genesis
of cardiovascular disease and any consequences their
inhibition could lead to in the long term.

ALTERATIONS IN RELAXATION

A high percentage of HF patients have preserved
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systolic ventricular function. This situation is espe-
cially frequent in elderly patients with left ventricular
hypertrophy, and manifests as lung congestion symp-
toms. In theory, the ideal drug should modify the me-
chanisms that cause diastolic dysfunction. These me-
chanisms should include normalization of calcium
homeostasis and cardiac energy, suppression of neuro-
hormonal activation, and/or the prevention or delay of
fibrosis.124-126 However, with some exceptions, there is
a lack of studies that have investigated the effect of
drugs on diastolic dysfunction. The reasons for this in-
clude failure to recognize the importance of diastolic
dysfunction, the heterogeneity of the population stu-
died and the absence of an accepted definition and
diagnostic criteria for diastolic HF. The CHARM
study (Candesartan in Heart failure Assessment of
Reduction in Mortality and morbidity) (CHARM-
Preserved) is the only suitably designed clinical trial to
analyze the clinical efficacy of candesartan in HF pa-
tients (functional class II–IV) with preserved EF
(>40%). It was demonstrated that candesartan does not
modify the incidence of cardiovascular death, but it
does reduce hospitalization due to HF (P=.01).79

The effect of various drugs on patients with diasto-
lic dysfunction or HF with preserved left ventricular
function is being currently analyzed (Table 3). The
PEP-CHF study (Perindopril in Elderly People with
Chronic Heart Failure), included over 1000 patients
more than 70 years old without systolic dysfunction
(echocardiographic EF<40% or parietal movement in-
dex <1.4).127 The I-PRESERVE study (Irbesartan in
Heart Failure with Preserved Systolic Function) inclu-
ded patients with EF≥45% and excluded those presen-
ting systolic HF. The SENIORS substudy (Study of
Effects of Nevibolol Intervention on Outcomes and
Rehospitalization in heart failure) included patients
over 70 years old with heart disease and EF>35%.
Another study is investigating the effects of modula-
ting calcium homeostasis using MCC-135, a drug that
increases Ca reuptake in the sarcoplasmic reticulum
and inhibits the cardiac cell membrane Na-Ca exchan-
ger; as a consequence, intracellular [Ca]i is reduced

and cardiac relaxation improved. Two other small stu-
dies are using echocardiographic criteria to identify
diastolic HF patients.

REFERENCES

1. Masiá R, Sala J, Marrugat J, Roure J, Cosín-Aguilar J. The ma-

nagement of heart failure in Spain. Eur J Heart Fail 2000;2:341-

4.

2. Cleland J, Khand A, Clark A. The heart failure epidemic:

exactly how big is it? Eur Heart J 2001;22:623-6.

3. MacIntyre K, Capewell S, Stewart S, Chalmers JW, Boyd J,

Finlayson A, et al. Evidence of improving prognosis in heart fai-

lure: trends in case fatality in 66 547 patients hospitalized bet-

ween 1986 and 1995. Circulation 2000;102:1126-31.

4. Stewart S, MacIntyre K, Hole DJ, Capewell S, McMurray JJ.

More «malignant» than cancer? Five-year survival following 

a first admission for heart failure. Eur J Heart Fail 2001;3:

315-22.

5. Levin EL, Gardner DG, Samson WK. Natriuretic peptides. N

Engl J Med 1998;339:321-8.

6. Rubattu S, Volpe M. The atrial natriuretic peptide: a changing

view. J Hypertens 2001;19:1923-31.

7. Boomsma F, Van den Meiracker AH. Plasma A- and B-type na-

triuretic peptides: physiology, methodology and clinical use.

Cardiovasc Res 2001;51:442-9.

8. Nicholls MG. The natriuretic peptides in heart failure. J Intern

Med 1994;235:515-26.

9. Dao Q, Krishnaswamy P, Kazanegra R, Harrison A, Amirnovin

R, Lenert L, et al. Utility of B-type natriuretic peptide (BNP) in

the diagnosis of CHF in an urgent care setting. J Am Coll

Cardiol 2001;37:379-85.

10. Davidson NC, Naas AA, Hanson JK, Kennedy NS, Coutie WJ,

Struthers AD. Comparison of atrial natriuretic peptide, B-type

natriuretic peptide, and N-terminal proatrial natriuretic peptide

as indicators of left ventricular systolic dysfunction. Am J

Cardiol 1996;77:828-31.

11. Troughton RW, Frampton CM, Yandle TG, Espiner EA,

Nicholls MG, Richards AM. Treatment of heart failure guided

by plasma aminoterminal brain natriuretic peptide (N-BNP)

concentrations. Lancet 2000;355:1126-30.

12. Lubien E, DeMaria A, Krishnaswamy P, Clopton P, Koon J,

Kazanegra R, et al. Utility of B-natriuretic peptide in detecting

diastolic dysfunction: comparison with Doppler velocity recor-

dings. Circulation 2002;105:595-601.

13. Hobbs RE, Miller LW, Bott-Silverman C, James KB, Rincon G,

460 Rev Esp Cardiol 2004;57(5):447-64 128

Tamargo J, et al. Rationale and Clinical Evidence for the Effects of New Pharmacological Treatments for Heart Failure

TABLE 3. Clinical Trials in Diastolic Heart Failure*

Trial Inclusion Criteria Aims Duration Drug

CHARM CHF; EF>40% Mortality 3 years Candesartan

Hospitalization Placebo

Wake Forest EF>50%, AHT Exercise tolerance, VO2max. 6 months Losartan

Hydrochlorothiazide

MCC-135 EF>40% Exercise, remodeling MCC-135

Placebo

I-PRESERVE EF>45% Mortality 2 years Irbesartan

Total Placebo

*EF indicates ejection fraction; AHT, arterial hypertension; CHF, congestive heart failure.



Grossbard EB. Hemodynamic effects of a single intravenous in-

jection of synthetic human brain natriuretic peptide in patients

with heart failure secondary to ischemic or idiopathic dilated

cardiomyopathy. Am J Cardiol 1996;78:896-901.

14. Marcus LS, Hart D, Packer MM, Yushak M, Medina N,

Danziger RS, et al. Hemodynamic and renal excretory effects of

human brain natriuretic peptide infusion in patients with conges-

tive heart failure: a double-blind, placebo-controlled, randomi-

zed crossover trial. Circulation 1996;94:3184-9.

15. Lang CC, Motwani JG, Coutie WJR, Struthers AD. Clearance of

brain natriuretic peptide in patients with chronic heart failure:

indirect evidence for a neutral endopeptidase mechanism but

against an atrial natriuretic peptide clearance receptor mecha-

nism. Clin Sci 1992;82:619-23.

16. Florkowski CM, Richards AM, Espiner EA, Yandle TG,

Sybertz E, Frampton CM. Low-dose brain natriuretic peptide in-

fusion in normal men and the influence of endopeptidase inhibi-

tion. Clin Sci 1997;92:255-60.

17. La Villa G, Riccardi D, Lazzeri C, Casini Raggi V, Dello

Sbarba A, Tosti Guerra C, et al. Blunted natriuretic response to

low-dose brain natriuretic peptide infusion in nonazotemic cirr-

hotic patients with ascites and avid sodium retention.

Hepatology 1995;22:1745-50.

18. Mills R, Le Jemtel T, Horton D, Liang C, Lang R, Silver MA, et

al. Sustained hemodynamic effects of an infusion of nesiritide

(human B-type natriuretic peptide) in heart failure: a randomi-

zed, double-blind, placebo-controlled clinical trial. Natrecor

Study Group. J Am Coll Cardiol 1999;34:155-62.

19. Colucci WS, Elkayam U, Horton DP, Abraham WT, Bourge

RC, Johnson AD, et al. Intravenous nesiritide, a natriuretic pep-

tide, in the treatment of decompensated congestive heart failure.

Nesiritide Study Group. N Engl J Med 2000;343:246-53.

20. Publication Committee for the VMAC investigators.

Intravenous nesiritide vs nitroglycerin for treatment of decom-

pensated heart failure: a randomized controlled trial. JAMA

2002;287: 1531-40.

21. Burger AJ, Elkayam U, Neibaur MT, Haught H, Ghali J, Horton

DP, et al. Comparison of the occurrence of ventricular arrhyth-

mias in patients with acutely decompensated congestive heart

failure receiving dobutamine versus nesiritide therapy. Am J

Cardiol 2001:88:35-9.

22. Sagnella GA. Atrial natriuretic peptide mimetics and vasopepti-

dase inhibitors. Cardiovasc Res 2001;51:416-28.

23. Corti R, Burnett J, Rouleau J, Ruschitzka F, Luscher TF.

Vasopeptidase inhibitors. A new therapeutic concept in cardio-

vascular disease? Circulation 2001;104:1856-62.

24. Rouleau JL, Pfeffer MA, Stewart DJ, Isaac D, Sestier F, Kerut

EK, et al. Comparison of vasopeptidase inhibitor, omapatrilat,

and lisinopril on exercise tolerance and morbidity in patients

with heart failure: IMPRESS randomised trial. Lancet 2000;356:

615-20.

25. Packer M, Califf RM, Konstam MA, Krum H, McMurray JJ,

Rouleau JL, et al. Comparison of omapatrilat and enalapril in

patients with chronic heart failure: the Omapatrilat Versus

Enalapril Randomized Trial of Utility in Reducing Events

(OVERTURE). Circulation 2002;106:920-6.

26. Coats AJ. Omapatrilat – the story of Overture and Octave. Int J

Cardiol 2002;86:1-4.

27. Kedzierski RM, Yanagisawa M. Endothelin system: the double-

edged sword in health and disease. Annu Rev Pharmacol

Toxicol 2001;41:851-76.

28. Hurlimann D, Enseleit F, Noll G, Luscher TF, Ruschitzka F.

Endothelin antagonists and heart failure. Curr Hypertens Rep

2002;4:85-92.

29. Seed A, Love MP, McMurray JJ. Clinical experience with en-

dothelin receptor antagonists in chronic heart failure. Heart

Failure Rev 2001;6:317-23.

30. Packer M. Multicentre, double-blind, placebo-controlled study

of long-term endothelin blockade with bosentan in chronic heart

failure: results of the REACH-1 trial [abstract]. Circulation

1998;98(Suppl):1-3.

31. Kalra PR, Moon JC, Coats AJ. Do results of the ENABLE

(Endothelin Antagonist Bosentan for Lowering Cardiac Events

in Heart Failure) study spell the end for non-selective endothelin

antagonism in heart failure? Int J Cardiol 2002;85:195-207.

32. Tovar JM, Gums JG. Tezosentan in the treatment of acute heart

failure. Ann Pharmacother 2002;37:1877-83.

33. O’Connor CM, Gattis WA, Adams KF Jr, Hasselblad V,

Chandler B, Frey A, et al. Randomized Intravenous TeZosentan

Study-4 Investigators. Tezosentan in patients with acute heart

failure and acute coronary syndromes: results of the

Randomized Intravenous TeZosentan Study (RITZ-4). J Am

Coll Cardiol 2003;41:1452-7.

34. Seta Y, Shan K, Bozkurt B, Oral H, Mann DL. Basic mecha-

nisms in heart failure: the cytokine hypothesis. J Card Fail

1996;3:243-9.

35. Damas J, Gullestad L, Aukrust P. Cytokines as new treatment

targets in chronic heart failure. Curr Control Trials Cardiovasc

Med 2001;2:271-7.

36. Feldman, A, Combes A, Wagner D, Kadakomi T, Kubota T, Li

YY, et al. The role of tumor necrosis factor in the pathophisio-

logy of heart failure. J Am Coll Cardiol 2000;35:537-44.

37. Herrera EH, Herrera JL, Rodríguez H, Treviño A, Ibarra M, Torre

G. Importancia del factor de necrosis tumoral alfa en la patogenia

de la insuficiencia cardíaca. Rev Esp Cardiol 2002;55:61-6.

38. Kubota T, McTiernan CF, Frye CS, Slawson SE, Lemster BH,

Koretsky AP, et al. Dilated cardiomyopathy in transgenic mice

with cardiac-specific overexpression of tumor necrosis factor-α.

Circ Res 1997;81:627-35.

39. Bryant D, Becker L, Richardson J, Shelton J, Franco F, Peshock

R, et al. Cardiac failure in transgenic mice with myocardial ex-

pression of tumor necrosis factor-α. Circulation 1998;97:1375-

81.

40. Chung ES, Packer M, Lo KH, Fasanmade AA, Willerson JT.

Anti-TNF Therapy Against Congestive Heart Failure

Investigators. Randomized, double-blind, placebo-controlled,

pilot trial of infliximab, a chimeric monoclonal antibody to

tumor necrosis factor-alpha, in patients with moderate-to-se-

vere heart failure: results of the anti-TNF Therapy Against

Congestive Heart Failure (ATTACH) trial. Circulation

2003;107: 3133-40.

41. Skudicky D, Bergemann A, Sliwa K, Candy G, Sareli P.

Beneficial effects of pentoxifylline in patients with idiopathic

dilated cardiomyopathy treated with angiotensin-converting

enzyme inhibitors and carvedilol. Circulation 2001;103:1083-8.

42. Sliwa K, Skudicky D, Candy G, Wisenbaugh T, Sareli P.

Randomized investigation of effects of pentoxyfilline on left

ventricular performace in idiopathic dilated cardiomyopathy.

Lancet 1998;351:1091-3.

43. Gullestadt L, Aass H, Fjeld JG, Wikeby L, Andreassen AK,

Ihlen H, et al. Immunomodulating therapy with intravenous im-

munoglobulin in patients with chronic heart failure. Circulation

2001;103:1102-8.

44. Aukrust P, Damas JK, Gullestad L. Immunomodulating therapy:

new treatment modality in congestive heart failure. Congest Heart

Fail 2003;9:64-9.

45. Mann DL. Autoimmunity, immunoglobulin adsorption and dila-

ted cardiomyopathy: has the time come to randomized clinical

trials. J Am Coll Cardiol 2001;38:184-6.

46. Lee CR, Watkins ML, Patterson JH, Gattis W, O’Connor CM,

Gheorghiade M, et al. Vasopressin: a new target for the treat-

ment of heart failure. Am Heart J 2003;146:9-18.

47. Udelson JE, Smith WB, Hendrix GH, Painchaud CA, Ghazzi

M, Thomas I, et al. Acute hemodynamic effects of conivaptan,

a dual V(1A) and V(2) vasopressin receptor antagonist, in pa-

tients with advanced heart failure. Circulation 2001;104:2417-

23.

48. Weber KT, Villareal D. Aldosterone and anti-aldosterone the-

rapy in congestive heart failure. Am J Cardiol 1993;71:A3-11.

49. Struthers AD. Aldosterone escape during angiotensin-conver-

Tamargo J, et al. Rationale and Clinical Evidence for the Effects of New Pharmacological Treatments for Heart Failure

129 Rev Esp Cardiol 2004;57(5):447-64 461



ting enzyme inhibitor therapy in chronic heart failure. J Cardiac

Fail 1996;2:47-54.

50. Pitt B, Zannad F, Remme W, Cody R, Castaigne A, Pérez A,

et al. The effect of spironolactone on morbidity and mortality

in patients with severe heart failure. Randomized Aldactone

Evaluation Study Investigators. N Engl J Med 1999;341:709-

17.

51. Zannad F, Bousset B, Alla F. Treatment of congestive heart fai-

lure. Interfering the aldosterone-cardiac extracellular matrix re-

lationship. Hypertension 2001;38:1227-32.

52. Pitt B, Remme W, Zannad F, Neaton J, Martínez F, Roniker B,

et al. Eplerenone Post-Acute Myocardial Infarction Heart Failure

Efficacy and Survival Study Investigators. Eplerenone, a selecti-

ve aldosterone blocker, in patients with left ventricular dysfunc-

tion after myocardial infarction. N Engl J Med 2003;348: 1309-

21.

53. Gottlieb SS, Skettino SL, Wolff A, Beckman E, Fisher ML,

Freudenberger R, et al. Effects of BG9719 (CVT-124), an A1-

adenosine receptor antagonist, and furosemide on glomerular

filtration rate and natriuresis in patients with congestive heart

failure. J Am Coll Cardiol 2000;35:56-9.

54. Gottlieb SS, Brater DC, Thomas I, Havranek E, Bourge R,

Goldman S, et al. BG9719 (CVT-124), an A1 adenosine recep-

tor antagonist, protects against the decline in renal function ob-

served with diuretic therapy. Circulation 2002;105:1348-53.

55. Goldman S, Dyer F, Gómez M, Bennett D, Ticho B, Beckman

E, et al. BG9719 (CVT-124), an A1 adenosine receptor antago-

nist, protects against the decline in renal function observed with

diuretic therapy. Circulation 2002;106:1348-53. 

56. Sabbah HN, Stanley WC, Sharov VG, Mishima T, Tanimura M,

Benedict CR, et al. Effects of dopamine beta-hydroxylase inhi-

bition with nepicastat on the progression of left ventricular dys-

function and remodeling in dogs with chronic heart failure.

Circulation 2000;102:1990-5.

57. Masson S, Chimenti S, Salio M, Torri M, Limana F, Bernasconi

R, et al. CHF-1024, a DA2/alpha2 agonist, blunts norepinephri-

ne excretion and cardiac fibrosis in pressure overload.

Cardiovasc Drug Ther 2001;15:131-8.

58. Turcani M, Rupp H. Modification of left ventricular hyper-

trophy by chronic etomoxir treatment. Br J Pharmacol 1999;

126:501-7.

59. Bristow M. Etomoxir: a new approach to treatment of chronic

heart failure. Lancet 2000;356:1621-2.

60. Schmidt-Schweda S, Holubarsch C. First clinical trial with eto-

moxir in patients with chronic congestive heart failure. Clin Sci

2000;99:27-35.

61. Pepine CJ, Wolff AA. A controlled trial with a novel anti-ische-

mic agent, ranolazine, in chronic stable angina pectoris that is

responsive to conventional antianginal agents. Ranolazine Study

Group. Am J Cardiol 1999;84:46-50.

62. Chandler MP, Stanley WC, Morita H, Suzuki G, Roth BA,

Blackburn B, et al. Short-term treatment with ranolazine im-

proves mechanical efficiency in dogs with chronic heart failure.

Circ Res 2002;91:278-80.

63. Cicoira M, Kalra PR, Anker SD. Growth hormone resistance in

chronic heart failure and its therapeutic implications. J Card Fail

2003;9:219-26.

64. Nieminen M, Böhm M, Drexler H, Jondeau G, Filippatos G,

Hassin Y, et al. Guidelines for the diagnosis and treatment of

acute heart failure [en prensa]. Eur Heart J.

65. Pedersen OD, Bagger H, Kober L, Torp-Pedersen C.

Trandolapril reduces the incidence of atrial fibrillation after acu-

te myocardial infarction in patients with left ventricular dys-

function. Circulation 1999;100:376-80.

66. Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G.

Effects of an angiotensin-converting-enzyme inhibitor, ramipril,

on cardiovascular events in high-risk patients. The Heart Out-

comes Prevention Evaluation Study Investigators. N Engl J Med

2000;342:145-53.

67. Gardner RS, Martin W, Carter R, McDonagh TA. Importance of

β-blockade in the treatment of advanced heart failure. Heart

2003;89:1442-4.

68. Krum H, Roecker EB, Mohacsi P, Rouleau JL, Tendera M,

Coats AJ, et al, for the Carvedilol Prospective Randomized

Cumulative Survival (COPERNICUS) Study Group. Effects of

initiating carvedilol in patients with severe chronic heart failure:

results from the COPERNICUS study. JAMA 2003;289:712-8.

69. Poole-Wilson PA, Wedberg K, Cleland JG, Di Lenarda A,

Hanrath P, Komajda M, et al. Carvedilol Or Metroprolol

European Trial Investigators. Comparison of carvedilol and me-

toprolol on clinical outcomes in patients with chronic heart fai-

lure in the Carvedilol Or Metoprolol European Trial (COMET):

randomised controlled trial. Lancet 2003;362:7-13. 

70. Cleland JG, Pennel D, Ray S, Murray G, MacFarlane P, Cowley

A, et al. The carvedilol hibernation reversible ischaemia trial: mar-

ker of success (CHRISTMAS). The CHRISTMAS Study Steering

Committee and Investigators. Eur J Heart Fail 1999;2:191-6.

71. Pitt B, Poole-Wilson PA, Segal R. Effect of losartan compared

with captopril on mortality in patients with symptomatic heart

failure: randomised trial. The Losartan Heart Failure Survival

Study ELITE II. Lancet 2000;355:1582-7.

72. Dickstein K, Kjekshus J. Comparison of the effects of losartan

and captopril on mortality in patients after acute myocardial in-

farction: the OPTIMAAL trial design. Optimal Therapy in

Myocardial Infarction with the Angiotensin II Antagonist

Losartan. Am J Cardiol 1999;83:477-81.

73. Dickstein K, Kjeshus J, for the OPTIMAAL study group.

Comparison of the effects of losartan and captopril on mortality

in patients following acute myocardial infarction: the OPTI-

MAAL trial design. Optimal trial in myocardial infarction with

the angiotensin II antagonist losartan. Am J Cardiol

1999;83:825-81.

74. Cohn JN, Tognoni G. A randomized trial of the angiotensin-re-

ceptor blocker valsartan in chronic heart failure. N Engl J Med

2001;345:1667-75.

75. Pfeffer MA, McMurray JJV, Velázquez EJ, Rouleau JL, Kober

L, Maggioni AP, et al. for the Valsartan in Acute Myocardial

Infarction Trial Investigators. Valsartan, captopril, or both in

myocardial infarction complicated by heart failure, left ventricu-

lar dysfunction or both. N Engl J Med 2003;349:1893-906.

76. Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ,

Michelson EL, et al. CHARM Investigators and Committees.

Effects of candesartan on mortality and morbidity in patients

with chronic heart failure: the CHARM-Overall programme.

Lancet 2003;362:759-66.

77. McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P,

Michelson EL, et al. CHARM Investigators and Committees.

Effects of candesartan in patients with chronic heart failure and

reduced left-ventricular systolic function taking angiotensin-

converting-enzyme inhibitors: the CHARM-Added trial. Lancet

2003;362:767-71.

78. Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL,

Olofsson B, et al. CHARM Investigators and Committees.

Effects of candesartan in patients with chronic heart failure and

reduced left-ventricular systolic function intolerant to angioten-

sin-converting-enzyme inhibitors: the CHARM-Alternative trial.

Lancet 2003;362:772-6.

79. Yusuf S, Pfeffer MA, Swedberg K, Granger CB, Held P,

McMurray JJ, et al. CHARM Investigators and Committees.

Effects of candesartan in patients with chronic heart failure and

preserved left-ventricular ejection fraction: the CHARM-

Preserved Trial. Lancet 2003;362:777-81.

80. The Digitalis Investigation Group (DIG). The effect of digoxin

on mortality and morbidity in patients with heart failure. N Engl

J Med 1997;336:525-33.

81. Shakar SF, Bristow MR. Low-level inotropic stimulation with

type III phosphodiesterase inhibitors in patients with advanced

symptomatic heart failure receiving beta-blockers. Curr Cardiol

Rep 2001;3:224-31.

82. Tamargo J, Delpón E. Fisiología del músculo. En: Treguerres J,

462 Rev Esp Cardiol 2004;57(5):447-64 130

Tamargo J, et al. Rationale and Clinical Evidence for the Effects of New Pharmacological Treatments for Heart Failure



editor. Fisiología humana. Madrid: Interamericana-McGraw-

Hill, 1999; p. 14-35.

83. Hasenfuss G, Pieske B, Kretschmann B, Holubarsch C, Alpert

NR, Just H. Effects of calcium sensitizers on intracellular cal-

cium handling and myocardial energetics. J Cardiovasc

Pharmacol 1995;26(Suppl 1):45-51.

84. Figgit D, Gillies P, Goa K. Levosimendan. Drugs 2001;61:613-

27.

85. Edes I, Kiss E, Kitada Y, Powers FM, Papp JG, Kranias EG, et

al. Effects of levosimendan, a cardiotonic agent targeted to tro-

ponin C, on cardiac function and on phosphorylation and Ca2+

sensitivity of cardiac myofibrils and sarcoplasmic reticulum in

guinea pig heart. Circ Res 1995;77:107-13.

86. Yoshiki H, Katsube Y, Sunagawa M, Sperelakis N.

Levosimendan, a novel Ca2+ sentitizer, activates the glibenclami-

de-sensitive K+ channel in rat arterial myocytes. Eur J

Pharmacol 1997; 333: 249-59.

87. Hasenfuss G, Pieske B, Castell M, Kretschmann B, Maier LS,

Just H. Influence of the novel inotropic agent levosimendan on

isometric tension and calcium cycling in failing human myocar-

dium. Circulation 1998;98:2141-7.

88. Follath F, Cleland JG, Just H, Papp JG, Scholz H, Peuhkurinen

K, et al. Steering Committee and Investigators of the

Levosimendan Infusion versus Dobutamine (LIDO) Study.

Efficacy and safety of intravenous levosimendan compared with

dobutamine in severe low-output heart failure (the LIDO study):

a randomised double-blind trial. Lancet 2002;360:196-202.

89. Nieminen MS, Akkila J, Hasenfuss G, Kleber FX, Lehtonen

LA, Mitrovic V, et al. Hemodynamic and neurohumoral effects

of continuous infusion of levosimendan in patients with conges-

tive heart failure. J Am Coll Cardiol 2000;36:1903-12.

90. Lilleberg J, Sundberg S, Nieminen MS. Dose-range study of a

new calcium sensitizer, levosimendan, in patients with left ven-

tricular dysfunction. J Cardiovasc Pharmacol 1995;26(Suppl

1):63-9.

91. Nicklas JM, Monsur JC, Bleske BE. Effects of intravenous levo-

simendan on plasma neurohormone levels in patients with heart

failure: relation to hemodynamic response. Am J Cardiol 1999;

83:I12-5.

92. Moiseyev VS, Poder P, Andrejevs N, Ruda MY, Golikov AP,

Lazebnik LB, et al. RUSSLAN Study Investigators. Safety and

efficacy of a novel calcium sensitizer, levosimendan, in patients

with left ventricular failure due to an acute myocardial infarc-

tion. A randomized, placebo-controlled, double-blind study

(RUSSLAN). Eur Heart J 2002;23:1422-32.

93. Cohn JN, Ferrari R, Sharpe N, on behalf of an International

Forum on Cardiac Remodeling. Cardiac remodeling: concepts

and clinical implications: a consensus paper from an internatio-

nal forum on cardiac remodeling. J Am Coll Cardiol

2000;35:569-82.

94. Jugdutt BI. Remodeling of the myocardium and potential targets

in the collagen degradation and synthesis pathways. Curr Drug

Targets Cardiovas Haematol Disord 2003;3:1-30.

95. Lindsay M, Lee R. MMP inhibition as a potential therapeutic

strategy for CHF. Drugs News Perspect 2000;13:350-4.

96. Parker M, Lunney E, Ortwine D, Pavlovsky AG, Humblet C,

Brouillette CG. Analysis of the binding of hydroxamic acid and

carboxylic acid inhibitors to the stromelysin-1 (matrix metallo-

proteinase-3) catalytic domain by isothermal titration calori-

metry. Biochemistry 1999;38:13592-601.

97. Rohde L, Ducharme A, Arroyo L, Aikawa M, Sukhova GH,

López-Anaya A, et al. Matrix metalloproteinase inhibition

attenuates early left ventricular enlargement after experimental

myocardial infarction in mice. Circulation 1999;15:3063-70.

98. Spinale FG, Coker ML, Bond BR, Zellner JL. Myocardial ma-

trix degradation and metalloproteinase activation in the failing

heart: a potential therapeutic target. Cardiovasc Res 2000;46:

225-38.

99. Creemers E, Cleutjens J, Smits J, Daemen MJ. Matrix metallo-

proteinase inhibition after myocardial infarction. A new approach

to prevent heart failure? Circ Res 2001;89:201-10.

100. Feldman AM, Li YY, McTiernan CF. Matrix metalloproteinases

in pathophysiology and treatment of heart failure. Lancet

2001;357:654-5.

101. Roten L, Nemoto S, Simsic J, Coker ML, Rao V, Baicu S, et al.

Effects of gene deletion of the tissue inhibitor of the matrix me-

talloproteinase-type I (TIMP-1) on left ventricular geometry and

function in mice. J Mol Cell Cardiol 2000;32:109-20.

102. Heymans S, Luttun A, Nuyens D, Theilmeier G, Creemers E,

Moons L, et al. Inhibition of plasminogen activators of matrix

metalloproteinases prevents cardiac rupture but impairs therapeu-

tic angiogenesis and causes cardiac failure. Nature Med 1999;5:

1135-42.

103. Ducharme A, Frantz S, Aikawa M, Rabkin E, Lindsey M,

Rohde LE, et al. Targeted deletion of matrix metalloproteinase-

9 

attenuated left ventricular enlargement and collagen accumula-

tion after experimental myocardial infarction. J Clin Invest

2000; 106:55-62.

104. Zannad F, Alla F, Dousset B, Pérez A, Pitt B. Limitation of ex-

cessive extracellular matrix turnover may contribute to survival

benefit of spironolactone therapy in patients with congestive heart

failure. Circulation 2000;102:2700-6.

105. Hajjar RJ, Del Monte F, Matsui T, Rosenzweig A. Prospects for

gene therapy for heart failure. Circ Res 2000;86:616-21.

106. Frey N, McKinsey TA, Olson EN. Decoding calcium signals invol-

ved in cardiac growth and function. Nature Med 2000;6: 1221-7.

107. Houser SR, Piacentino III V, Weisser J. Abnormalities of cal-

cium cycling in the hypertrophied and failing heart. J Mol Cell

Cardiol 2000;32:1595-607.

108. Brittsan AG, Kranias EG. Phospholamban and cardiac contrac-

tile function. J Mol Cell Cardiol 2000;32:2131-9.

109. Del Monte F, Harding S, Dec W, Gwathmey JK, Hajjar RJ.

Targeting phospholamban by gene transfer in human heart failu-

re. Circulation 2002;105:904-7.

110. Del Monte F, Harding SE, Schmidt U, Matsui T, Kang ZB, Dec

GW, et al. Restoration of contractile function in isolated car-

diomyocytes from failing human hearts by gene transfer of

SERCA2. Circulation 1999;100:2308-11.

111. Davia K, Bernobich E, Ranu HK, Del Monte F, Terracciano

CM, MacLeod KT, et al. SERCA2A overexpression decreases

the incidence of aftercontractions in adult rabbit ventricular

myocytes. J Mol Cell Cardiol 2001;33:1005-15.

112. Baartscheer A. Adenovirus gene transfer of SERCA in heart fai-

lure. A promising therapeutic approach? Cardiovasc Res 2001;

49:249-52.

113. Lowes BD, Gilbert EM, Abraham WT, Minobe WA, Roden RL,

Bristow MR. β-blocker-related improvement in ventricular

function is associated with increased gene expression of SR Ca2+

ATPase. J Am Coll Cardiol 1999;33(Suppl A):A216.

114. Hasenfuss G, Schillinger W, Lehnart SE, Preuss M, Pieske B,

Maier LS, et al. Relationship between Na+-Ca2+-exchanger pro-

tein levels and diastolic function of failing human myocardium.

Circulation 1999;99:641-7.

115. Bristow MR. β-adrenergic receptor blockade in chronic heart

failure. Circulation 2000;101:558-69.

116. Engelhardt S, Hein L, Wiesmann F, Lohse MJ. Progressive hy-

pertrophy and heart failure in beta1-adrenergic receptor transge-

nic mice. Proc Natl Acad Sci USA 1999;96:7059-64.

117. Gao MH, Lai NC, Roth DM, Zhou J, Zhu J, Anzai T, et al.

Adenylylcyclase increases responsiveness to catecholamine sti-

mulation in transgenic mice. Circulation 1999;99:1618-22.

118. Murray DR, Prabhu SD, Chandrasekar B. Chronic beta-adrener-

gic stimulation induces myocardial proinflammatory cytokine

expression. Circulation 2000;101:2338-41.

119. Liggett SB, Tepe NM, Lorenz JN, Canning AM, Jantz TD,

Mitarai S, et al. Early and delayed consequences of β(2)-adre-

nergic receptor overexpression in mouse hearts: critical role for

expression level. Circulation 2000;101:1707-14.

120. Du X, Autelitano D, Dilley R, Wang B, Dart A, Woodcock E.

Tamargo J, et al. Rationale and Clinical Evidence for the Effects of New Pharmacological Treatments for Heart Failure

131 Rev Esp Cardiol 2004;57(5):447-64 463



β2-Adrenergic receptor overexpression exacerbates develop-

ment of heart failure after aortic stenosis. Circulation 2000;101:

71-7.

121. Rockman HA, Chiens KR, Choi D-J, Iaccarino G, Hunter JJ,

Ross J Jr, et al. Expression of a β-adrenergic receptor kinase

1 inhibitor prevents the development of myocardial failure

in gene-targeted mice. Proc Natl Acad Sci USA 1998;95:

7000-5.

122. Silverberg DS, Wexler D, Sheps D, Blum M, Keren G, Baruch

R, et al. The effect of correction of mild anemia in severe, resis-

tant congestive heart failure using subcutaneous erythropoietin

and intravenous iron: a randomised controlled study. J Am Coll

Cardiol 2001;37:1775-80.

123. Grover GJ, Garlid KD. ATP-Sensitive potassium channels: a re-

view of their cardioprotective pharmacology. J Mol Cell Cardiol

2000;32:677-95.

124. Vasan RS, Benjamin EJ. Diastolic heart failure: no time to relax.

N Engl J Med 2001;344:56-9.

125. Zile MR, Brutsaert DL. New concepts in diastolic dysfunction

and diastolic heart failure. Part II: causal mechanisms and treat-

ment. Circulation 2002;105:1503-8.

126. Zile MR, Brutsaert DL. New concepts in diastolic dysfunction

and diastolic heart failure. Part I: diagnosis, prognosis, and mea-

surements of diastolic function. Circulation 2002;105: 1387-93.

127. Cleland JG, Tendera M, Adamus J, Freemantle N, Gray CS, Lye

M, et al. Perindopril for elderly people with chronic heart failu-

re: the PEP-CHF study. Eur J Heart Fail 1999;1: 211-7.

464 Rev Esp Cardiol 2004;57(5):447-64 132

Tamargo J, et al. Rationale and Clinical Evidence for the Effects of New Pharmacological Treatments for Heart Failure


