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Heart rate not only predicts outcome but may also be a therapeutic target in patients with chronic heart failure. Several classes of pharmacological
agents can be used to modulate heart rate, including beta-blockers, ivabradine, digoxin, amiodarone, and verapamil. Choice of agent will depend
on heart rhythm, co-morbidities, and disease phenotype. Beneficial and harmful interactions may also exist. The aim of this paper is to summarize
the current body of knowledge regarding the relevance of heart rate as a prognostic factor (risk marker) and particularly as a therapeutic target
(risk factor) in patients with chronic heart failure, with a special focus on ivabradine, a novel agent that is currently the only available purely bradycardic agent.
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Introduction
Despite advances in medical and device therapy, prognosis remains
poor for patients with chronic heart failure (HF), with a mortality
rate of 75% at 7 years of follow-up.1 Accordingly, there is a need to
identify new therapeutic targets. In patients with chronic HF, heart
rate (HR) can be measured easily and appears to be both a marker
of risk and a target for therapy, i.e. a risk factor.
Beta-blockers reduce HR by blocking cardiac sympathetic activation2 and have become a cornerstone of therapy for patients with
chronic HF and reduced left ventricular ejection fraction (HF-rEF).3
However, recommended target doses of beta-blockers are achieved
in less than half of patients in daily practice.4,5 Also, in some cases

these agents cannot be tolerated or are contraindicated. Thus, HR
may not be adequately controlled, and other drugs should be
considered to control HR. These may include either the pure
HR-lowering drug ivabradine or other drugs that lower HR in addition to other pharmacological effects, namely digoxin, amiodarone,
or verapamil.
The aim of this paper is to summarize the current body of knowledge regarding the relevance of HR as a prognostic factor (risk
marker) and particularly as a therapeutic target (risk factor) in
patients with chronic HF, with a special focus on ivabradine. Part of
the manuscript is based on presentations and discussions between
basic and clinical scientists at the Global CardioVascular Clinical
Trialists (CVCT) Forum in 2011.
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Heart rate as a prognostic factor:
insights from epidemiology

Pathophysiological mechanism
Autonomic imbalance resulting from sympathetic overactivity and
parasympathetic withdrawal is a characteristic feature of the HF

syndrome and likely to be the underlying mechanism of HR increase
in HF. The mechanism by which higher heart rates drive prognosis is
less clear. A higher HR leads to greater myocardial oxygen consumption and decreased myocardial perfusion, the latter by shortening the
duration of diastole.12 High HR may also increase shear (pulsatile)
stress that may trigger an inflammatory endothelial cell response.13
Overall, HR may be, at least partially, a covariate of excessive sympathetic drive that may also explain the higher CV event rate associated
with increasing HR.

Drugs with heart rate-lowering
effects
The main mechanism of action and the indications of the drugs with
HR-lowering properties are briefly presented in the Table 1. For each
drug, the mechanism of HR reduction and studies showing the benefit
of lowering this specific variable (if any) are described. To comply
with the definition of a risk factor, HR should not only predict risk,
but a reduction in HR by therapy should be associated with improved
clinical outcomes. Some HR-lowering agents have met this criterion,
although whether HR reduction is the sole mechanism of benefit is
hard to demonstrate.

Figure 1 Relationship between resting heart rate at baseline and the risk of (A) cardiovascular death, (B) admission to hospital for heart failure, (C)
admission to hospital for myocardial infarction, and (D) coronary revascularization, in patients with CAD and LV systolic dysfunction in sinus rhythm
included in the placebo group of the BEAUTIfUL trial.9
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Several large epidemiological studies have shown that resting HR is
associated with risk of cardiovascular (CV) morbidity and mortality
in healthy populations,6 in patients with hypertension,7 in those
with CAD,8 and in patients with LV systolic dysfunction (LVSD),9 including those with chronic HF.10,11 HR is associated with a number of
CV risk factors. Nonetheless, in many multivariable analyses, the association of HR with CV morbidity and mortality was independent of
traditional risk factors.6,8,9,11,12
Importantly, although the conventional definition of tachycardia is
HR of 90–100 b.p.m.,12 the risk of CV complications and death in
patients with CAD and LVSD or those with chronic HF appears to increase progressively once HR exceeds 70 b.p.m. (Figures 1 and 2).9,11
In patients with chronic HF in sinus rhythm, a steep rise in CV mortality
is observed at an HR ≥ 80 b.p.m. (Figure 2), although this might not be
the case for patients with AF.
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Beta-adrenergic blockers
Mechanism of action
The HR reduction action of this group of drugs is probably
explained by its sympathetic inhibition only, though indirect
actions, such as modulation of beta-receptor expression and/or
of the renin – angiotensin system through the prevention of renal
renin release, might also be involved.2 Beta-blockers block the activity of endogenous catecholamines and therefore decrease the
adrenergic tone/stimulation of the pacemaker cells in the sinoatrial node, thus slowing HR in sinus rhythm (negative chronotropic
effect). The effect on the atrioventricular node slows the conduction
at this level and is responsible for lowering the ventricular rate in
supraventricular tachycardias, most notably in AF (negative dromotropic effect). Beta-blockers are first-line therapy in patients with
HF-rEF as they have been shown to improve cardiac function and
reduce CV hospitalizations, sudden death, and overall mortality.

Beta-blockers reduce HR both at rest and during exercise, in both
sinus rhythm and AF. Possible side effects of beta-blockers include
symptomatic bradycardia, fatigue, worsening HF, and exacerbations
of asthma.
Heart rate as a therapeutic target
There is good evidence that the beneficial effects of beta-blockers
agents in HF-rEF are related, at least in part, to drug-mediated HR reduction. In a recent meta-regression of beta-blocker trials including
19 537 chronic HF patients with HF-rEF, the risk reduction in all-cause
mortality was well correlated (r 2 ¼ 0.41) with a reduction in HR.14 A
multivariate meta-regression of 23 beta-blocker trials has shown
similar results; in a model including several clinical variables, betablocker dose, HR at baseline, and HR reduction, the latter was associated with the survival benefit of beta-blockers (18% risk reduction
per 5 b.p.m. decrease), whereas the dose of beta-blocker was not.15
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Figure 2 Relationship between resting heart rate at baseline and the risk of (A) cardiovascular (CV) mortality or hospital admission for HF, (B) first
admission to hospital for heart failure, and (C) CV mortality, in patients with chronic HF in sinus rhythm included in the placebo group of the SHIFT
trial.11
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Table 1 The mechanism of action and indications of drugs with heart rate-lowering effects in chronic heart failure
Drug

Mechanism of action

HF indication

Beta-blockers

Blocks adrenergic activity;
slows sinus rate and prolongs AV conduction.

HF-rEF with sinus rhythm or AF;
HF-pEF with AF

Ivabradine

Selective inhibition of the pacemaker modulating ‘f’
current (If ) in the sinoatrial node;
slows sinus rate. No effect on AV node.
Increases vagal tone;
inhibits sympathetic nervous system activity;
slows sinus rate and prolongs AV conduction.

HF-rEF with sinus rhythm

Verapamil

Blocks high voltage calcium channels;
slows sinus rate and prolongs AV conduction.

HF-pEF with sinus rhythm or AF

Amiodarone

Blocks potassium channels;
antiadrenergic effects;
slows sinus rate and prolongs AV conduction.

HF-rEF with AF

...............................................................................................................................................................................

Digoxin

HF-rEF with sinus rhythm or AF;
HF-pEF with AF

AV, atrioventricular; HF-pEF, heart failure with preserved ejection fraction; HF-rEF, heart failure with reduced ejection fraction.

Mechanism of action
The mode of action of this novel drug involves selective inhibition
of a pacemaker-modulating current in the sinoatrial node, the socalled ‘f-current’ or If, a mixed sodium/potassium-, cyclic AMP-, and
voltage-dependent current mediated by the ‘f-channels’ of the sinoatrial cell membrane.16,17 The sinoatrial myocytes are characterized
by the presence of ‘slow’ spontaneous depolarization during diastole;
the If inhibition by ivabradine prolongs the slow depolarization phase,
thereby slowing the HR.18
The beneficial effects of ivabradine are apparently associated only
with the reduction of HR. At doses employed in clinical studies, the
drug has no effect on myocardial contractility, impulse conduction,
or blood pressure.19 The drug exhibits a trend towards a plateau
dose–response effect.20 This finding relates to its ‘use dependence’,
i.e. the drug can act only when the f-channels are open; the slower the
HR, the less frequently f-channels are open. In addition, since the
f-current is a modulator, rather than a generator, of the pacemaker
current, the fundamental rate is mediated by several ion channels
which are not affected by the drug. The selectivity of the drug for sinoatrial cells explains the lack of effect on ventricular rate in AF, in which
the sinus node does not pace the heart.
Overall, ivabradine appears safe and well tolerated. The most commonly reported side effects are bradycardia and visual symptoms
(phosphenes, or flashing scotomata).19 Visual symptoms are
usually temporary and disappear after the drug is stopped.

Heart rate as a therapeutic target
Patients with CAD and LVSD
In the ‘morBidity-mortality EvAlUaTion of the If inhibitor ivabradine
in patients with coronary disease and left-ventricULar dysfunction’
(BEAUTIfUL) trial, 10 917 patients with chronic stable CAD, LVEF

,40%, and resting HR .60 b.p.m. were randomized to receive ivabradine (target 7.5 mg twice daily), on top of usual medical care.21
After a median follow-up of 19 months, treatment with ivabradine
did not affect the primary endpoint of the study, a composite of CV
death, acute myocardial infarction (MI), or new-onset HF.
However, in a pre-specified subgroup of patients with HR ≥ 70
b.p.m., ivabradine did reduce the secondary endpoints, including
admission to hospital for MI (36% risk reduction) and coronary
revascularization (30% risk reduction).
Patients with chronic heart failure
In the ‘Systolic Heart failure treatment with the I(f) inhibitor ivabradine Trial’ (SHIFT), 6505 outpatients with chronic HF in sinus
rhythm, with LVEF ≤ 35% and HR ≥ 70 b.p.m., hospitalized for HF
in the previous year, were randomized to a target dose of 7.5 mg ivabradine twice daily on top of conventional therapy.8,11 A post-hoc analysis including 98% of patients revealed that at baseline 26.5% of
patients received medium to high doses of beta-blockers, and 23%
of patients received target or supratarget doses of beta-blockers.22
Despite the difference in dose, HR was similar in these two categories
(79.1 and 78.9 b.p.m.). The SHIFT trial may have selected patients
relatively unresponsive to beta-blocker therapy, given the protocol
requirement of optimized HF therapy and a baseline HR ≥ 70 b.p.m.
After a median follow-up of 22.9 months, treatment with ivabradine reduced the primary composite endpoint of CV death or worsening HF by 18% (Table 2). This effect was mostly due to a favourable
effect on HF events (hospitalization or death). All-cause and CV mortality as well as sudden death were not significantly reduced by the
drug. The incidence of AF increased slightly among patients assigned
to ivabradine vs. placebo (9% vs. 8%), though this may have been a
function of a prior history of AF in the patients so affected (unpublished observation).
Compared with placebo, ivabradine reduced HR by 11 b.p.m. at 28
days. After adjustment for both HR achieved at 28 days and HR at
baseline, the effect of ivabradine became non-significant, suggesting
that the beneficial effects were largely explained by HR change.11
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Table 2 The effect of ivabradine on primary and secondary end-points in patients with chronic heart failure and left
ventricular ejection fraction <35%, sinus rhythm, and heart rate ≥70 b.p.m.10
Ivabradine group
(n 5 3241)

Placebo group
(n 5 3264)

HR (95% CI)

P-value

...............................................................................................................................................................................
Primary endpoint
CV death or hospital admission for HF
Mortality endpoints

793 (24%)

937 (29%)

0.82 (0.75–0.90)

,0.0001

All-cause mortality

503 (16 %)

552 (17%)

0.90 (0.80–1.02)

0.092

CV mortality
Death from HF

449 (14 %)
113 (3 %)

491 (15%)
151 (5%)

0.91 (0.80–1.03)
0.74 (0.58–0.94)

0.128
0.014

1231 (38 %)
514 (16 %)

1356 (42 %)
672 (21 %)

0.89 (0.82–0.96)
0.74 (0.66–0.83)

0.003
,0.0001

Any CV hospital admission

977 (30 %)

1122 (34 %)

0.85 (0.78–0.92)

0.0002

CV death, or hospital admission for worsening HF,
or hospital admission for non-fatal MI

825 (25 %)

979 (30 %)

0.82 (0.74–0.89)

,0.0001

Other endpoints
All-cause hospital admission
Hospital admission for worsening HF

Figure 3 Subgroup analysis of the patients in the SHIFT
trial with baseline heart rate ≥75 b.p.m. (n ¼ 4150).23
CV, cardiovascular; HF, heart failure.

HR at 28 days, HR at baseline, and, to a lesser extent, the dose of betablocker at baseline were related to the degree of HR reduction.22
In a subsequent analysis requested by the European Medicine
Agency (EMA), in patients with baseline HR ≥ 75 b.p.m., all-cause
mortality (not significantly reduced in the population with HR ≥ 70
b.p.m.) was decreased significantly by ivabradine (17% risk reduction), suggesting that the higher the baseline HR the greater the
effect of the drug (Figure 3).23 Based on this evidence, EMA recommends prescription of ivabradine for patients with chronic HF of
NYHA classes II –IV, with systolic dysfunction, in sinus rhythm, and
with HR ≥ 75 b.p.m., in combination with standard therapy including
a beta-blocker or when beta-blocker therapy is contraindicated or
not tolerated.

Digoxin (digitalis glycosides)
Mechanism of action
The primary pharmacological mechanism of digoxin is inhibition of
membrane sodium–potassium ATPase, which promotes sodium–

calcium exchange. The increase in intracellular calcium concentration
mediates the positive inotropic effect of digoxin.24,25 Digoxin is
thought to reduce HR mainly by stimulating the central vagal nucleus
and enhancing cardiac vagal tone. Additionally, digoxin may reduce
HR by reducing sympathetic nervous system activity.26 The drug
slows conduction of both sinoatrial and atrioventricular node cells.
Digoxin can reduce the ventricular rate in both sinus rhythm and AF.
In patients with HF-rEF in sinus rhythm, a beta-blocker is the first
option to reduce HR because digoxin does not adequately control
HR during exercise. In cases where HR is not controlled with betablocker therapy, digoxin may be added. However, for patients in
sinus rhythm, the option of using digoxin is probably now overtaken
by the use of ivabradine (when HR is ≥70 b.p.m.) given the evidence
from the SHIFT. However, digoxin is still an option, particularly in
symptomatic patients intolerant to beta-blockers.3
In patients with HF-rEF and AF, digoxin is the preferred second
drug to control ventricular rate (ivabradine does not reduce HR in
AF).3 Indeed, the combination of beta-blocker and digoxin appears
superior to beta-blocker or digoxin alone to improve LVEF and symptoms, and to control ventricular rate.27 Finally, in patients with
HF-pEF and AF, digoxin is also the preferred second drug to
control HR, in combination with either a rate-limiting calcium
channel blocker (CCB) or a beta-blocker.3 Importantly,  30% of
patients with chronic HF have AF. The optimal ventricular rate in
patients with chronic HF-rEF and AF is uncertain, but appears
higher than for sinus rhythm.28
Heart rate as a therapeutic target
Evidence favouring the benefit of digoxin in patients with chronic HF
and sinus rhythm comes from the DIG trial. In this study, 6800
patients with LVEF ≤ 45% were randomized to digoxin or placebo,
on top of ACE inhibitors/diuretics.29 Beta-blocker therapy was not
reported, but presumably most patients were not taking a betablocker. After an average follow-up of 37 months, digoxin did not
affect all-cause mortality, but it reduced the composite outcome of
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CI, confidence interval; CV, cardiovascular; HF, heart failure; HR, hazard ratio, MI, myocardial infarction.
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HF death or hospitalization by 39%. This benefit occurred early after
randomization and persisted throughout follow-up (Figure 4). A trend
towards a similar benefit was observed in the subsample of patients
with HF-pEF (LVEF .45%) included in the DIG trial.
The safety of digoxin has been much discussed since one post-hoc
analysis of the DIG trial suggested that digoxin may increase all-cause
mortality in women.30 Nevertheless, subsequent analysis showed
that an increase in mortality occurred only in women with a serum
concentration .1.0 ng/mL.31 Digoxin had beneficial effects on HF
death and hospitalization in all age groups studied in the DIG
trial.32 Ahmed et al. described a decrease in all-cause mortality and
hospitalization at low serum concentration of digoxin (0.5 –0.9 ng/
mL),33 and a similar benefit at low concentration was described in
elderly individuals.34
At baseline, the mean HR in the DIG trial was 79 b.p.m. (similar to
HR in SHIFT), but the effects of digoxin on HR were not reported in
this trial. Two other trials reported the change in HR with digoxin use.
In the Dutch Ibopamine Multicenter trial, mean HR over 24 h was
reduced by  4 b.p.m. with digoxin vs. placebo.35 In the RADIANCE
trial, compared with continuation of digoxin, withdrawal of digoxin
was associated with an increase in HR of 7 b.p.m. over 3 months
from a baseline of 77 b.p.m.36 No data are available that may allow
elaboration on the interaction of digoxin with HR lowering in improving outcomes.

group, CCBs are divided into dihydropyridine and non-dihydropyridine
subgroups, the latter being relatively selective for the myocardium and
possessing HR-lowering effects. By blocking calcium channels during
the plateau phase of the action potential, the non-dihydropyridine
CCBs (verapamil and diltiazem) have a negative chronotropic effect
that may slow the sinus rate, and an additional negative dromotropic
effect at the atrioventricular node level, on the basis of which they
could be recommended to control HR in patients with AF or with
flutter.3 The most common side effects of the non-dihydropyridine
drugs include gastrointestinal symptoms and ankle oedema.
Heart rate as a therapeutic target in heart failure with
preserved ejection fraction
Due to its negative inotropic effects, verapamil is contraindicated in
HF-rEF, and uncertainties about the efficacy and safety of diltiazem
and dyhydropyridine agents have prevented them gaining an established
role.37 However, verapamil might be beneficial in HF with preserved
ejection fraction (HF-pEF), in both sinus rhythm and AF, particularly
in hypertensive patients.3 This indication is based on two small randomized controlled trials (,30 patients) suggesting that verapamil
improves LV diastolic function and exercise capacity in patients with
LVEF .45% and evidence of diastolic dysfunction. HR was decreased
to a modest extent. Given the small size of these trials, more studies
are needed to confirm their beneficial effects and safety, and to gain a
better understanding of their pharmacological mechanisms in HF-pEF.

Verapamil (non-dihydropyradine calcium
channel blocker)

Amiodarone (class III antiarrhythmic)

Mechanism of action
The pharmacological action of CCBs (overall) involves blocking
voltage-gated calcium channels in myocardial cells and in vessels. As a

Mechanism of action
Amiodarone has a variety of effects, including blocking potassium
channels, thereby prolonging repolarization. In patients with HF,
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Figure 4 Incidence of death or hospitalization due to worsening heart failure in digoxin vs. placebo groups (DIG trial).29
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amiodarone also has antiadrenergic effects and prolongs ventricular
and atrial refractoriness.38 Amiodarone suppresses supraventricular
and ventricular arrhythmias, with a relatively low incidence of proarrhythmia. It is the only antiarrhythmic drug recommended in HF-rEF.3
Other drugs from this class, including dronedarene, have similar electrophysiological effects but, as this agent increased mortality in trials
of HF-rEF, it is contraindicated.39
In patients unable to tolerate or unresponsive to the combination
of a beta-blocker and digoxin, substitution of digoxin with amiodarone may be considered to control ventricular rate in patients with
HF-rEF and AF.3 Amiodarone has numerous side effects, including
gastrointestinal symptoms and thyroid dysfunction, which may limit
its tolerability.40 Importantly, there are no clinical trials indicating
that a reduction in HR by amiodarone is associated with better clinical
outcomes in HF-rEF.

Devices

Discussion
Heart rate as a risk factor
A large body of evidence shows that HR is a risk marker of CV morbidity and mortality in several populations, including chronic HF.
According to current data, HR lowering is the sole pharmacological
basis of the CV benefits of ivabradine, and a scientific probe that supports HR as a therapeutic target (risk factor) in HF-rEF. Beta-blocker
meta-regression studies also show an association between drugmediated HR reduction and outcomes, supporting the relevance of
HR as a therapeutic target. Similar analyses have not been yet performed for other interventions that may be used to modulate HR
in chronic HF.

Ivabradine and the maximum-tolerated
beta-blockers dose
A debated topic generated by SHIFT was the effect of the background
beta-blocker dose employed during the study.45 In the SHIFT, 56% of
patients received ≥ 50% of target beta-blocker doses.22 These doses
were lower than the doses used in previous trials, e.g. in the CIBIS II
and in MERIT trials 67% of patients received ≥ 50% of target
dose.46,47 Patients in SHIFT had a slightly lower systolic blood pressure than those in previous beta-blocker trials, and additionally
they received aldosterone antagonists (60% of patients). This could
have made a difference on beta-blocker titration. Doses of betablockers achieved in SHIFT were nevertheless similar to or higher
than those generally achieved in the community.5
However, it is unclear whether target doses of beta-blockers are
associated with better clinical outcomes. Only the MOCHA trial,
which enrolled only 345 patients (with 25 deaths) treated for 6
months, has tested the dose-related effects of the beta-blocker carvedilol in patients with chronic HF.48 Interestingly, the reduction in
HR was minimally dose related. This could have been because 90%
of patients were on background digoxin therapy. However, despite
this non-proportional effect on HR, carvedilol produced a
dose-related improvement in CV hospitalizations and survival. This
observation is consistent with the results of a recent post-hoc analysis of the HF-ACTION trial which showed in patients with
chronic HF that lower all-cause death or hospitalization was associated with the beta-blocker dose.49 On the other hand, post-hoc
analysis of MERIT-HF,47 CIBIS-II,46 and SENIORS trials50 did not
show a dose-related improvement in clinical outcomes.
Meta-analysis studies also show that the magnitude of HR reduction
and not the beta-blocker dose relates to better outcomes.15 Other
post-hoc studies have suggested that the HR achieved rather than
the magnitude of reduction appears to be an even stronger indicator
of benefit.51 Admittedly, given the inherent limitations of the
post-hoc studies, and the fact that beta-blocker dose and HR
during follow-up were probably inadequately measured in most of
the trials, a definite answer regarding the beta-blocker dose effect
would require a randomized controlled trial.
Taking all these analyses together, it appears that the individual
patient HR response to beta-blocker therapy is variable, and that a
subset of patients could be poor responders to this therapy. This
may be due to the severity of HF, heart rhythm, and the health of
the sinus node, but the beta-adrenergic receptor polymorphism
may also provide a genetic basis for this variability.52 In such patients,
ivabradine on top of beta-blocker therapy can decrease HR and
improve outcome.

Ivabradine and digoxin put into perspective
in heart failure patients in sinus rhythm
Recently, it was pointed out that digoxin may have been too easily dismissed as an HR-lowering agent in HF-rEF (and HF-pEF) patients in
sinus rhythm.53 Notably, 50–90% of patients included in the previous
placebo-controlled beta-blocker trials were receiving background
digoxin therapy, suggesting that beta-blockers may exert a positive
effect on top of digoxin (and ACE inhibitor) therapy.25 The latest
European Society of Cardiology (ESC) guidelines on HF favour treatment with ivabradine rather than digoxin in HF-rEF (LVEF ≤ 35%)
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There is a complex interaction between electrical devices used to
treat HF and HR. Pacemakers, implantable cardiac defibrillators,
and cardiac resynchronization devices all prevent excessive bradycardia, and this may be one of their mechanisms of benefit.41
However, devices, especially standard pacemakers, are often programmed to maintain a higher HR than that which we now believe
optimal for patients with HF, and this may have a detrimental effect
on cardiac function.42 Devices should be programmed to permit
pharmacologically induced bradycardia. In a pilot study of patients
with systolic HF and pacing, in which the pacing rate was set at
either 55 or 75 b.p.m., pacing at 55 b.p.m. was associated with
better cardiac function.43 Failure to control HR adequately may
detract from the benefits of devices, especially with conditions
such as AF.44 In the case of resynchronization therapy, HR may fall
due to improved haemodynamics leading to reduction in sympathetic
tone. One important reason for the failure to titrate a beta-blocker
dose to target or to achieve HR control is the fear of excessive bradycardia. Implantation of a device with a pacing function generally
increases the clinician’s confidence in the safety of increasing the
dosage of bradycardic agents, particularly beta-blockers. However,
most of the published studies have addressed the issue of
HR-lowering agents in HF patients without a device or with a
device operational only for a limited portion of the day. The extent
to which the same benefits could be expected in the presence of a
constantly functioning device is unknown.
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patients in sinus rhythm, with a resting HR ≥ 70 b.p.m., and persisting
symptoms despite treatment with guideline target (or maximally tolerated) dose of beta-blocker, given the fact that the SHIFT (as
opposed to the DIG trial) was performed in patients on background
beta-blocker therapy. However, if patients are intolerant of betablockers and have persisting symptoms despite treatment with an
ACE inhibitor/ARB and a mineralocrticoid receptor antagonist
(MRA), the evidence is in favour of digoxin rather than ivabradine.3
The decision to prescribe one drug or another in HF-rEF patients
in sinus rhythm may depend on clinical presentation. Ivabradine
may have a better safety profile, and be more efficient to control
HR at exercise, while digoxin has additional neurohormonal properties, which could make the drug more appropriate for patients with
advanced disease, particularly those intolerant to beta-blockers. To
clarify the effects of low-dose digoxin in HF, including patients on
beta-blocker therapy, in sinus rhythm and in AF, a new trial is also
needed.54256

Based on the SHIFT data, for outpatients with chronic HF-rEF in sinus
rhythm, a HR of 55–60 b.p.m. can be recommended as a target HR
value.11,23 Observational analyses also suggest a target HR of 55–
65 b.p.m. to achieve the lowest event rate with beta-blocker
therapy.57 On the other hand, an HR of 55 b.p.m., if reached with
therapy, would probably be a low HR limit accepted for safety purposes. From daily clinical observation, it is obvious that some patients
may not tolerate such a low HR, while others may do well with lower
HRs. Symptoms rather than an absolute target HR may guide therapy.
In patients with chronic HF-rEF and AF, the optimum HR is still uncertain, but it is apparently higher than for patients in sinus rhythm. Also,
the optimal ventricular rate in HF-pEF is uncertain whether the
patient is in sinus rhythm or in AF. Reducing HR in patients with
HF-pEF could be deleterious as it may cause a rise in atrial pressures
and worsen congestion.

Conclusion
There is a substantial body of evidence that HR is a potential therapeutic target (risk factor) in patients with chronic HF and LVSD
who are in sinus rhythm. Beta-blockers remain the first-line
therapy to reduce HR and improve clinical outcomes in patients
with HF-rEF. In patients with HF-rEF or those with CAD and LVSD
in sinus rhythm with HR ≥ 70 –75 b.p.m. despite beta-blockers, ivabradine appears a safe treatment to improve clinical outcomes. Several
other classes of pharmacological agents can be used to modulate HR
in chronic HF, and their choice would depend on heart rhythm, comorbidities, and disease phenotype. Digoxin is primarily an option
to control ventricular rate when combined with a beta-blocker in
patients with HF-rEF and AF, but the optimal ventricular rate has to
be established. Digoxin at low doses may also be an option in symptomatic HF-rEF patients in sinus rhythm intolerant to beta-blockers.
Amiodarone may be an alternative to digoxin in patients with HF-rEF
and AF, and verapamil might be beneficial in patients with HF-pEF,
though data in this area as yet are sparse. The ideal ventricular rate
in patients with HF-pEF, regardless of heart rhythm, is uncertain,

and it would be dangerous to assume that would be similar to that
of patients with HF-rEF.
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