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Introduction
C. Pappone

In recent decades, the prevalence of heart
failure (HF) has steadily increased and can be
considered as a contemporary cardiovascular
epidemic. Therefore, treatment of HF is a primary focus of cardiovascular disease management strategies. Cardiac resynchronization
therapy (CRT) is one of the most exciting
recent advancements in medically refractory,
mild to severe systolic HF with abnormal
QRS duration and morphology. By targeting
ventricular dyssynchrony, a condition that
affects as many as one-third of patients with
symptomatic systolic HF, CRT attempts to
give the failing heart a mechanical advantage
that can substantially improve symptoms and
mortality. In the last years, CRT therapy has
had an increasingly impressive development
supported by an extensive clinical evidence.
Indications and recommendations by international guidelines have been changing over
the years, and are expected to further change
in the next future. Indeed, many areas of controversy still remain such type of CRT device,
patient selection, importance and significance
of intraventricular conduction disturbances,
LV pacing percentage, presence of AF, optimizing post-implant care, type and location
of LV leads, more accurate remote monitoring, CRT in pediatric patients, predictors of
responsiveness and non-responders to CRT.
Additionally, the widespread use of CRTDefibrillator (CRT-D) worldwide rather
than CRT-Pacemaker (CRT-P) also requires
a more accurate analysis on cost-effectiveness
to identify the most cost-effective options
to select the most cost-effective device. Cur-

rently, the rate of CRT-D devices among
all CRT recipients worldwide implanted is
about 75%, approaching to 90% or more
in the United States and in some European
countries such as Germany and Italy.1 Other
European countries are still implanting a significant number of CRT-P devices: 39% in
France, 44% in Sweden, and 46% in Belgium. The recent European CRT Survey on
2438 subjects with successful CRT implantation (72% CRT-D and 28% CRT-P) indicates that device type does not independently
predict cardiovascular hospitalization nor the
combined endpoint of death or cardiovascular hospitalization.2 The results of another
large (1122 patients) single-center CRT registry (429 patients CRT-D and 693 patients
CRT-P) showed no evidence of mortality
benefit in subjects implanted with a CRT-D
compared with a CRT-P.3 In another recent
Registry study of the French Society of Cardiology enrolling 1705 consecutive CRT recipients (CRT-P, 535; CRT-D, 1170) multivariate analysis confirmed that CRT type was
not an independent predictor of mortality.4
These data require a firm conclusion as CRTD implantation is costly,5-7 and it is associated
with an increased risk of major complications. This is important also in consideration
that current guidelines give the same level of
recommendation for CRT-P and CRT-D in
patients with HF regardless of NYHA class. It
is conceivable that any treatment that lowers
mortality and prolongs life with comfortable
conditions should be viewed as a beneficial
option. Predictors of responsiveness as well as
V
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identification and treatment of non-responders to CRT therapy represent important unsolved questions because as many as 40 % of
CRT recipients do not demonstrate a positive
CRT response. Preliminary studies have suggested that multipoint LV pacing may be a
promising alternative to conventional CRT
therapy in order to reduce the number of
non-responders. Further randomized studies
are required on the efficacy of multipoint LV
pacing, as first-line treatment in HF patients
as compared with conventional CRT pacing
to minimize the relatively large number of
non-responders.

the programmed rate. Patients with AF are
prone to rapid ventricular response, which
may limit the percentage of paced beats minimizing potential benefits. Therefore, AV nodal conduction must be controlled to maintain
a normal ventricular rate. AV nodal conduction can be slowed medically with negative
chronotropic drugs such as beta blockers,
calcium channel blockers, and/or digoxin. If
medical therapy is inadequate, catheter ablation of the AV node results in complete AV
block and therefore 100% pacing.

CURRENT CONTROVERSIES
AND PERSPECTIVES

Many data in randomized controlled clinical trials assessing the benefit of CRT in HF
have been reported among patients with
LBBB. Patients with RBBB or nonspecific
intraventricular conduction delay (IVCD)
are under-represented. It is well known that
patients with LBBB have a significant decrease in the combined endpoint of mortality
and HF admissions, as well as a reduction in
the number of ventricular tachyarrhythmias.
Usually, patients with non-LBBB QRS patterns experience none of these benefits with
a nonsignificant trend toward higher mortality when treated with CRT-D. Interestingly,
for patients with nonspecific IVCD, the more
their QRS morphology resembled LBBB, the
better their outcomes. The reasons for the
potentially disparate efficacy between LBBB
and non-LBBB morphology patient groups is
unclear. Further investigation will be required
to answer these questions more definitively.

The future of CRT involves research directed at increasing the number of patients
who will benefit from CRT therapy. In an
attempt to improve patient selection, the eligibility criteria in recent investigations have
been expanded to include four subgroups
previously excluded from many randomized
controlled studies: patients with AF, patients
with a relatively narrow QRS duration (<130
ms), patients with right bundle branch block
(RBBB), and patients with HF with preserved
ejection fraction (EF).

Patients with AF
Despite the high prevalence of AF in patients
with HF, most clinical trials examining CRT
have excluded this group. Most of the data
regarding this group of patients come from
meta-analysis of prospective studies comparing the impact of CRT on patients in the
AF group versus those patients in the sinus
rhythm showing that patients with AF have
greater improvement in EF but smaller improvements in functional outcomes than
those in sinus rhythm. Mortality was similar
between the groups. A CRT device will only
pace if the patient’s intrinsic rate is lower than

RBBB

HF with preserved EF
Because data regarding the efficacy of CRT in
patients with HF and LVEF >35% are lacking, current guidelines limit CRT therapy to
those with LVEF ≤35%. However, QRS prolongation is a risk factor for all-cause mortality independent of the degree of HF, and the
risk associated with QRS prolongation may
be similar regardless of EF. Thus, patients

VI
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with less severely reduced LVEF may benefit
from CRT.
Ongoing and future research will continue to investigate how to minimize the number of nonresponse to CRT while seeking to
increase the number of patients eligible for
this life-saving therapy.
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5.
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Pharmacologic
management strategies
for heart failure in CRT
M. Guazzi, V. Labate

In HF patients with reduced LVEF, aims of therapeutic interventions
are three-fold: to improve symptoms and quality of life, to slow the
progression of cardiac remodeling or even reversing it, and to reduce
mortality 1, 2. Over the past 30 years a substantial background contribution in the pursue of these goals has been obtained by a progressive
evidence for pharmacological therapies together with the introduction of device therapies, especially cardiac resynchronization and internal cardioverter defibrillation. Specifically, outcome benefits due to
medical therapy have been obtained by testing three classes of neurohumoral antagonists: 1) the renin angiotensin RAS system inhibitors,
i.e. angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin II receptor blockers (ARBs); 2) beta-adrenergic blockers and
3) mineralocorticoid-receptor antagonist (MRAs).
These classes of drugs have demonstrated their effectiveness in large
randomized clinical trials including patients with mild to moderate
chronic HF and reduced left ventricular ejection fraction (LVEF) and
are now included with a high degree of class and level of evidence for
treating HFrEF in the Guidelines of the leading cardiology societies.1, 2
More recently, two additional pharmacological compounds have
been added to the pharmacological armamentarium in view of their efficacy in further reducing the morbidity and mortality of these patients,
the “funny” channel (If ) blocker, ivabradine, and the dual inhibitor
blocking the angiotensin-II receptor, neprylisin. In this chapter we emphasize on the most significant evidence related to the pharmacological
treatment of HFrEF and make some considerations on the importance
to optimally combine and upgrade pharmacological therapy at target
doses with cardiac resynchronization (CRT) therapy.

Pharmacological interventions
Table 1.I summarizes the most significant trials regarding approved
pharmacological therapies for treating HFrEF as they were progressively introduced and reported in European Society of Cardiology
Guidelines.

1
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Pharmacologic management strategies for heart failure in CRT
Table 1.I. Current medical treatment of chronic HF: key evidence based on ESC Guidelines.

Trial

Drug

Mortality
relative risk
reduction

Absolute
risk
reduction

Number
needed
to treat

Enalapril

27%

14.6%

7

Enalapril

16%

4.5%

22

Bisoprolol

34%

4.3%

23

2008 Guidelines
CONSENSUS, 1987 3
SOLVD Treatment, 1991 4
CIBIS, MERIT-HF, 1999

5, 6

Metoprolol
COPERNICUS, 2001 7

Carvedilol

35%

7.1%

14

RALES, 1999 8

Spironolactone

30%

11.4%

9

SENIOR, 2005

9

Nebivolol

ValHeFT, 2001

10

Valsatan

24% HF hosp

3.3%

30

CHARM-Added, 2003 11

Candesartan

16%

4.4%

23

CHARM-Alternative, 2003 12

Candesartan

23%

7%

14

EMPHASIS, 2011 13

Eplerenone

24%

3%

33

SHIFT, 2010 14

Inabradine

18%

4.2%

24

LCZ696

20%

14%

Added in 2012 Guidelines

Likely added in the next Guidelines
Angiotensin receptor neprilysin
inhibitor, 2015 15

Angiotensin converting
enzyme inhibitors
One of the most significant pathway involved in the genesis and

progression of HF syndrome is the activation of both plasma and tissue
renin-angiotensin system (RAS).16 Increased levels of circulating angiotensin II contribute to HF pathophysiology and progression of HF
through both cardiac and extracardiac effects. A series of experimental
and human findings suggest that angiotensin II, which one of the most
powerful endogenous vasoconstrictor, promotes cardiomyocyte hypertrophy and cardiac fibroblast proliferation by reactivating fetal gene
expression and specific abnormal cell molecular signaling.18
Angiotensin converting enzyme inhibitors (ACEIs) by blocking the
conversion of angiotensin I to angiotensin II, exert a favorable effect on
haemodynamic (improved loading conditions and reduced vasoconstriction) and promote some regression in the structural and functional
abnormalities associated with LV remodeling and dysfunction.17 However angiotensin II production is also supported by alternative enzy2
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matic pathways so that the ACE inhibitor therapy achieves only partial
inhibition of angiotensin II production.18
Moreover, ACE is the principal protease that degrades vasodilator
bradykinin; thus ACE inhibition leads to increased levels of circulating and tissue bradykinin which becomes an additional mediator of a
decreased afterload. Nonetheless, bradikinin is responsible for some of
the typical side effects of ACE inhibitor treatment such as angioedema
and dry cough.19
In addition to the hemodynamic dose-dependent effect (decrease in
right atrial pressure, pulmonary capillary wedge pressure and systemic
vascular resistance, with a resultant increase in cardiac index) a number of experimental studies have demonstrated the ability of ACEIs
to inhibit the neurohormonal activation typical of HF disease through
decrease in heart rate and plasma catecholamine levels at rest and during exercise.20, 21
Given the hemodynamic and neurohormonal inhibition properties, this pharmacological class can interfere with the pathophysiologic
processes of ventricular remodeling (which can occur after myocardial
injury or pressure or volume overload).
A substantial amount of experimental and clinical data support the
pivotal role of the RAS in contributing to the cellular processes that
lead to alterations in ventricular mass, chamber size, and shape.
Using an animal model of myocardial infarction and pressure or
volume overload numerous studies have confirmed that ACE inhibitors mitigate progressive LV remodeling in the failing heart by reducing
myocyte hypertrophy ,fibroblast hyperplasia and collagen deposition
within the interstitium.22-25
Clinically, Sharpe and associates demonstrated that captopril initiated after myocardial infarction reduced the increase in LV end-diastolic volume after only 3 months of therapy.26 Similarly, in the multicenter
Survival and Ventricular Enlargement (SAVE) trial, captopril mitigated
the degree of LV chamber dilation after the first year of therapy.27
This study demonstrated that ACE inhibition prevents and can be
able to reverse the extent of ventricular remodeling in patients with LV
systolic dysfunction.
With regard to HF symptoms and functional capacity the benefits of ACE inhibitors have long been recognized. In the early 1980s,
captopril treatment was shown to improve exercise time by 25% and
NYHA class in patients with severe HF.28 Similar improvements were
noted with the ACE inhibitors enalapril, lisinopril and quinapril.29-31
These clinical data demonstrate that ACE inhibitors favorably influence symptoms of heart failure and exercise capacity in patients with
LV systolic dysfunction.
ACE inhibitors were the first class of agents shown to significantly
alter the natural history of HF, as demonstrated by a reduction in the
frequency of death and of other morbid events.
Several landmark trials that have shown a significant mortality benefit in HFrEF patients, in both post-myocardial infarction (MI) and
chronic HF.3, 4, 32-34
3
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The landmark randomized controlled trials that paved the way
to the widespread use of ACEIs (CONSENSUS and SOLVD) were
conducted on a population of approximately 2800 symptomatic HF
patients (stage C) with mild, moderate or severe HFrEF and have demonstrated that the addition of enalapril on top of background therapy
reduced overall mortality by approximately 20%. At the time of those
trials, conventional HF treatment was based on diuretics, digoxin and
spironolactone whereas less than 10% of the patients were treated with
a beta-blocker. In addition to the effect on mortality, the SOLVD trial
that enrolled 2569 patents in functional class NYHA II-III and LVEF
≤35%, led to a reduction of 26% in hospitalizations for worsening
HF.3, 4
Importantly, data from the SOLVD Prevention Trial prospectively
illustrated the efficacy of ACEI in delaying the onset of heart failure
symptoms and the utility of treating asymptomatic (stage B) HF patients
with a left ventricular ejection fraction less than or equal to 35%.32
After these landmark trials, other kinds of ACE inhibitors have
been tested over years in smaller, placebo randomized controlled trials
(RCTs), and the reduction in mortality and hospitalization for HF
appear to be similar among the various ACEIs suggesting the likelihood of a class effect. These studies also showed that ACE inhibitors
improve symptoms, exercise tolerance, quality of life, and exercise performance.35
Similar extent of benefit has been progressively reported also on
death or HF hospitalization due to post MI left ventricular dysfunction.33,34 One of the most remarkable evidence has been provided by the
Acute Infarction Ramipril Efficacy (AIRE), Survival and Ventricular
Enlargement (SAVE) and TRAndolapril Cardiac Evaluation (TRACE)
trials, all showing significant long-term survival benefits when ACEIs
therapy was initiated soon after MI (26% RRR in death and a 27%
RRR in death or HF hospitalization).36, 37 The beneficial effects on
post-MI mortality could be detected rapidly within a few weeks from
the initiation of treatment and increased with treatment duration.
The issue of optimal ACEI dose has been studied in the ATLAS trial
(comparison between low-dose and high dose of lisinopril in patients
with heart failure and LV systolic dysfunction). Mean dosages for the
high-dose recipients reached 33.4 mg/day, in contrast to 4.5 mg/day
for the low-dose recipients. In this long-term study, the high-dose recipients demonstrated a trend toward improved mortality rates (8%
relative risk reduction) but a significant reduction in the combined
endpoint of death and hospitalization (24% relative risk reduction).
These data suggest that high-dose ACE inhibitor treatment is superior
to low-dose therapy, although not by a large margin.38
Most of the adverse effects of ACEIs result from suppression of the
renin-angiotensin system. Orthostatic hypotension, mild renal impairment and hyperkalemia may occur but in general are well tolerated and
do not require the withdrawal of the therapy. The side effects related to
kinin potentiation are represented by the possible development of dry
cough (10-15% of patients), and rarely, angioedema (1% of patients).
4
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There is compelling evidence that ACE inhibitors should be used as
first line therapy in all HFrEF, whether or not symptomatics; accordingly current recommendations advocated ACEIs therapy, in addition
to a beta-blocker, for all patients with an EF ≤40% to reduce the risk
of HF hospitalization and the risk of premature death (Class I, Level
A).1

Angiotensin receptor blockers
Since angiotensin II may be synthetized via additional pathways, including the chymase one, a counteracting effect on the system downward may
be obtained by blocking the angiotensin I receptor (AT1)29 that appears
the mediator of the classical adverse effects of angiotensin II. Therefore,
this class of drugs offers the advantage to fully counteract the Angiotensin
II activity and to avoid the bradykinin-induced side effects of ACEIs,
such as cough and angioedema.16
To the extent that ACE inhibitors reduce production of angiotensin II, effects attributable to angiotensin II are diminished regardless of
which receptor mediates the particular effect. In contrast, effects of angiotensin II receptor antagonists limit the responses specifically mediated by that receptor. Because the majority of clinically relevant effects
of angiotensin II appear to be mediated through the AT1 receptor, AT1
receptor antagonists mirror the actions anticipated through blockade of
angiotensin II production. However, loss of feedback inhibition results
in increased angiotensin II levels after administration of an AT1 receptor
antagonist, which leads to overstimulation of alternative angiotensin II
receptors. The unopposed activation of non-AT1 receptors may mediate some of the clinically relevant effects attributable to AT1 receptor
blockade. For instance, stimulation of the AT2 receptor may be responsible for the antiproliferative and antifibrotic effects of AT1 antagonists
within the cardiovascular system.
Despite these theoretical advantages evidence have never been showing a superior efficacy and the consensus is of recommending their use
just in ACEIs intolerant patients.1 Specifically, in this subset of patients
the CHARM alternative trial documented that in patients with low EF
candesartan reduced cardiovascular mortality or HF hospitalization by
23%.12
Two additional trials, the Val Heft (valsartan) and CHARM added,
explored the potential benefits provided by a combination of an ARB
with an ACEI with a reduction in HF hospitalizations, and in cardiovascular death in the CHARM added.10, 11
However, because the magnitude of the benefit brought by this combination was smaller than that of the combination of an ACEI with a
MRA, this class of drug remains primarily indicated to reduce the risk
of HF hospitalization and the risk of premature death in patients with
an EF ≤40% and unable to tolerate an ACE inhibitor because of cough
(patients should also receive a beta-blocker and an MRA) (Class I, Level
A) or in patients with persisting symptoms (NYHA class II-IV) despite
5
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treatment with an ACE inhibitor and a b-blocker who are unable to
tolerate an MRA (Class I , Level A).1
In the Valsartan in Acute Myocardial Infarction Trial (VALIANT)
trial, valsartan was compared with the ACE inhibitor captopril in patients at high risk for cardiovascular events after MI. After a median
follow-up time of 25 months, mortality in the valsartan and captopril groups did not differ significantly. The secondary end points of
death from cardiovascular causes, recurrent MI, or hospitalization for
HF were also similar among the treatment groups. The Optimal Trial
in Myocardial Infarction with the Angiotensin II Antagonist Losartan
(OPTIMAAL) study, which compared losartan and captopril in patients with MI, found no significant differences between groups in the
incidence of all-cause mortality, sudden cardiac death (SCD), reinfarction, and all-cause hospital admissions.40, 41

Beta-adrenergic blockers
While initially compensatory, chronically increased sympathetic activation has a deleterious effect on LV function and geometry 42 overall
predicting a poor clinical outcome. Prolonged adrenergic stimulation
has been linked to left ventricular remodeling and arrhythmias and
the product of that stimulation, norepinephrine, has been repeatedly
shown to be toxic for cardiac myocytes.43-45
β-blockers have been shown to sensitize the beta-receptor pathway
restoring the beta receptor coupling with receptor kinase. Myocardial
β-receptors respond to prolonged and excessive β-adrenergic stimulation activating a self-protective mechanism by internalization and
desensitization. Activated β-1ARK (now renamed GRK2) phosphorylates the β1-receptor increasing the affinity for β-arrestin that uncouples the receptor from Gs and internalizes and desensitizes it from
adrenergic over stimulation. If the β-stimulation is sustained, then the
internalized receptors may undergo lysosomal destruction with true
loss of receptor density or downregulation 46 (Figure 1.1). β-arrestin
not only mediates desensitization in HF, but also acts physiologically
as a signal transducer, inducing antiapoptotic signaling and modifying
gene expression.47, 48
Multiple studies have consistently shown the beneficial effects of
chronic β-blocker therapy on LV function and structure. Long-term
benefits include an increase in LVEF, a decrease in LV volumes and in
mitral regurgitation (when present), and a reversion of the left ventricle
to a more elliptical shape.49 LV diastolic function and right ventricular
function are also improved by long term β-blocker therapy.50-52
Most controlled studies have shown a significant improvement
in symptoms and functional class in patients with HF treated with
β-blockers. Patients treated with a β-blocker were more likely to experience an improvement and less likely to experience a worsening in New
York Heart Association (NYHA) class.53 Also direct assessment of HF
symptoms, as well as global clinical assessment (a quality-of-life meas6
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Figure 1.1. Mechanisms of β-adrenergic
receptor desensitization
and internalization. Note
the internalized receptor
complex with growth
stimulation via mitogenactivated protein kinase;
GRK2, G protein-coupled
receptor kinase (adapted
from: Hein L. et al.54).

urement) by either the patient or the physician, have shown an improvement in clinical status. The interpretation of the functional capacity and
symptom outcomes of these studies is that β-blockade does not worsen
exercise capacity, and the improvement in cardiac function is associated
with an improvement in symptoms and quality-of-life measures.38, 55
Although all β-adrenoreceptor antagonist improve myocardial
function the effects on exercise capacity are dependent on the selectivity and dose. If β-adrenergic receptors are blocked by higher doses of
β-blocking agents or are not upregulated by therapy, then exercise tolerance may not improve. This is because the failing heart is dependent
on increasing heart rate for improving exercise capacity. Thus, despite
the improvement in cardiac function and stroke volume, both at rest
and during exercise, the β-blocker–related reduced chronotropic response to exercise may prevent cardiac output to rise sufficiently during
exercise to allow an improvement in exercise capacity. 56, 57
So far, studies have identified three β-blockers, carvedilol, bisoprolol and metoprolol, to prolong survival in patients with mild-tomoderate CHF on top of RAS-inhibitor therapies (more than 90% of
the patients were on ACEIs or ARB). Carvedilol, is a non-selective B
receptor blocker while the two others are selective β-1 antagonists.
An earlier program of studies with carvedilol (US Carvedilol studies) enrolling 1094 patients with a LVEF ≤35% initially documented a
reduction in mortality.58
This program was followed by 3 randomized clinical trials, CIBIS
II (bisoprolol), MERIT HF (metoprolol succinate CR/XL) and COPERNICUS (carvedilol), overall enrolling almost 9000 patients and
showing consistent results with a mortality reduction of approximately
one-third and a reduction in HF hospitalizations.5-7
7
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These findings were confirmed also in the elderly population (≥70
years) enrolled in SENIORS, where nebivolol reduced significantly
the composite end point of death or HF hospitalization but not mortality.9
Given the impressive additional mortality and morbidity benefit
β-blockers should be added early before full uptitration of ACEI (or
ARB if ACE inhibitor not tolerated), for all patients with an EF ≤40%
to reduce the risk of HF hospitalization and the risk of premature death
(Class I , Level A).1
Because of potential negative inotropic effects, the initiation of
β-blockers should be started in a period of compensated heart failure
with patients hemodynamically stable and euvolemic using lower initial doses and slow upward titration to maximal tolerated doses.

Mineralocorticoid receptor antagonist
Although originally MRAs were considered only as a potassium sparing loop diuretic, it has been proposed having many other properties
that are potentially beneficial in HF. Aldosterone receptors in the heart
indeed mediate hypertrophy, fibrosis, neurohormonal activation and
arrhythmogenesis.
European Society of Cardiology (ESC) Guidelines recommend this
class of drug in all HF patients with persisting symptoms (NYHA class
II-IV) and EF ≤35% despite ACEIs (or ARBs if ACEIs are not tolerated) and β-blockers (Class I , Level A).1
This conclusion is based on two large-scale, placebo-controlled trials that investigated the efficacy of aldosterone antagonism in patients
with symptomatic HF.
In the Randomized Aldactone Evaluation Study (RALES) trial, the
relative risk of death in severely symptomatic (EVEF ≤35%, NYHA
class III, having been in class IV within the past 6 months) patients
receiving the nonselective antagonist spironolactone was significantly
reduced by 30%, primarily because of a decreased mortality risk from
progressive HF and from SCD. Spironolactone use was also associated
with a 35% reduction in the relative risk for hospitalization because of
worsening HF and with significant improvements in overall clinical
status (Figure 1.2).8 However, at that time only 11% of the patients
were treated with a β-blocker.
More recently, the EMPHASIS trial confirmed the benefits of aldosterone blockade, this time in patients with mildly symptomatic
HF. Most patients enrolled in the study were receiving optimal medical therapy for their condition, with high rates of ACE inhibitor or
ARB use and β-blocker use. Treatment with the selective aldosterone
antagonist, eplerenone, significantly reduced the relative risk for the
composite end point of death or hospitalization for cardiovascular
causes by 37% and the risk of all-cause mortality or any hospitalization (Figure 1.3).
It is uncertain whether their benefits derive mainly from the effects
8
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Figure 1.2.
Mortality curves from the
Randomized Aldactone
Evaluation Study (RALES),
demonstrating a 30%
relative reduction in
mortality among patients
with left ventricular systolic
dysfunction (left ventricular
ejection fraction <35%)
and New York Heart
Association class III to IV
heart failure.8

on fluid and electrolyte balance or from effects on processes such as
fibrosis and inflammation in cardiac or vascular tissues.
MRAs should be used in patients with adequate renal function and
a normal serum potassium concentration since they can cause hyperkalaemia and worse renal function, particularly in the elderly.
After mineralocorticoid receptor-blocking treatment is started, frequent monitoring of serum electrolyte levels is warranted, particularly
with concomitant ACE inhibitor or ARB use and particularly in patients with impaired renal function.
Other troublesome side effects include the progesterone receptor
antagonism that can lead to gynaecomastia. By the way, eplerenone
shows lower affinity for the progesterone receptor than spironolactone,
leading to fewer side effects.

Figure 1.3. Cumulative
Kaplan-Meier estimates of
rates of the primary outcome from EMPHASIS trial.
Treatment with the selective aldosterone antagonist,
eplerenone, significantly
reduced the relative risk for
the composite end point
of death or hospitalization
for cardiovascular causes
by 37% and the risk of
all-cause mortality or any
hospitalization.13
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Ivabradine
Ivabradine inhibits the pacemaker hyperpolarization-activated current (If ) that controls spontaneous diastolic depolarization in the sinus
node and regulates heart rate in patients in sinus rhythm, with no effect
on intra-atrial, atrioventricular, or intraventricular conduction times,
myocardial contractility, or ventricular repolarization.59
In the SHIFT (Systolic Heart failure treatment with the If inhibitor ivabradine Trial), heart rate reduction with ivabradine was associated
with an 18% reduction in the primary composite endpoint of time-tofirst event of cardiovascular death or hospitalization for worsening HF
considering symptomatic patients (NNYHA II-III) in sinus rhythm
(heart rate of ≥70 b.p.m.) with left ventricular systolic dysfuncion (LVEF
≤35%) and HF hospitalization in the previous 12 months.14 (Figure 1.4).
This trial confirmed the importance of heart rate in the pathophysiology of heart failure and supported the concept that reduction of heart
rate contributes significantly to beneficial outcomes in patients with
HFREF. Nonetheless, it should be considered that there were no significant reductions in all-cause or cardiovascular mortality, although
a reduction in HF-related deaths was suggested, so that benefits were
largely driven by a reduction in hospitalizations for HF.
Moreover, although the SHIFT investigators attempted to enroll a
population on optimized and stable background treatment for at least
4 weeks only 26% of patients were on full-dose of b-blocker. Given
that ivabradine lowered heart rate by approximately 10 beats/min and
not all patients were on optimal doses of b-blocker, it is possible that
titrating of b-blocker to recommended disease may have reduced the
HF hospitalizations to a similar degree.
Considering left ventricular dysfunction due to coronary artery disease (documented by previous myocardial infarction, previous percutaneous or surgical coronary revascularisation, or angiographic evidence
of major coronary arteries narrowing >50% or more) ivabradine has

Figure 1.4. KaplanMeier cumulative event
curves for the primary
composite endpoint of
cardiovascular death or
hospital admission for
worsening heart failure in
the Systolic Heart failure
treatment with the If
inhibitor Ivabradine Trial
(SHIFT).14
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