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Abstract: Ivabradine is a selective antagonist of the funny channels with anti-anginal and anti-

ischemic properties, approved for the treatment of coronary artery disease (CAD) and heart 

failure (HF). It provides pure heart rate reduction, reducing the diastolic depolarization slope, 

without altering hemodynamic parameters. This review summarizes the current knowledge on 

the efficacy of ivabradine in patients with cardiovascular diseases, with a particular focus on 

its role in the clinical management of patients with CAD and HF. There is consistent evidence 

that ivabradine is effective in reducing angina pectoris symptoms and myocardial ischemia. At 

approved doses ivabradine is safe, improves exercise tolerance, and reduces heart rate. Available 

data from clinical trials support its use in the management of patients with stable CAD and chronic 

HF. Recent studies have cast doubt on the safety of non-approved high doses of ivabradine for 

the treatment of patients with CAD and without clinical HF, but have shown no concerns on 

the doses approved for clinical use.
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Introduction
Ivabradine is a relatively novel agent that has been approved, in 2005, by the European 

Medicines Agency (EMA) for the treatment of angina pectoris and myocardial isch-

emia in patients with coronary artery disease (CAD) intolerant to beta-blockers. 

Subsequently, the clinical indication of ivabradine has been extended for use in 

association with beta-blockers in patients with CAD and in patients with heart failure 

(HF). Ivabradine is the first funny channel [I(f)] inhibitor utilized in clinical practice.1 

Unlike beta-blockers and calcium channel blockers, ivabradine acts by reducing the 

heart rate via selective and specific inhibition of the mixed sodium/potassium current in 

sino-atrial pacemaker nodal cells.2 In particular, by modulating the rate of spontaneous 

 diastolic depolarization of sino-atrial myocytes, the I(f) inhibition induced by ivabradine 

prolongs the slow depolarization phase and therefore leads to a decrease in heart rate. 

This effect is devoid of any negative inotropic or dromotropic consequence.3–5 Here, 

we will review the available literature on the efficacy of ivabradine in patients with 

cardiovascular disease, with a particular focus on the implications of its clinical use.

Efficacy of ivabradine in CAD and angina
Due to its mechanism of action, ivabradine preserves cardiac contractility and relax-

ation, atrioventricular conduction and ventricular repolarization and, alike other only 

experimentally used selective bradycardic agents,6,7 reduces infarct size.8
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Randomized clinical trials have shown that ivabradine is 

an effective anti-anginal and anti-ischemic agent, alone or 

in combination with beta-blockers.

The INITIATIVE (INternatIonal TrIal on the treATment 

of angina with Ivabradine Vs atEnolol) trial9 was designed to 

compare the effects of ivabradine and a beta-blocker (atenolol) 

on cardiovascular outcomes. This 4 month, randomized, 

controlled, non-inferiority trial, investigated the effects of 

ivabradine with atenolol on exercise tolerance and ischemia in 

more than 900 patients with stable angina. A dose-dependent 

equivalent of ivabradine with atenolol was demonstrated in 

increasing total exercise duration, reducing angina frequency 

and the consumption of short-acting nitrates. Heart rate at 

rest and at peak of exercise was significantly decreased, and 

ivabradine was non-inferior to atenolol in total exercise capac-

ity with a diminution in angina attacks, showing a relevant 

anti-ischemic effect. The study showed that the anti-ischemic 

effect of ivabradine was significantly greater than that of 

atenolol for a given heart rate reduction, suggesting that the 

similar reduction of heart rate with ivabradine or beta-blockers 

is expected to have different anti-ischemic effects.

As reviewed elsewhere,10 there is evidence that ivabra-

dine treatment leads to dose-dependent reduction in resting 

and exercise-induced heart rate, and therefore to decreased 

angina frequency. The ASSOCIATE (evaluation of the 

Antianginal efficacy and Safety of the aSsociation Of the If 

Current Inhibitor ivAbradine with a beTa-blockEr) study11 

investigated whether the addition of ivabradine improved 

exercise capacity, objective markers of myocardial ischemia, 

and anginal symptoms in nearly 900 patients with chronic 

stable angina treated with atenolol. This randomized, double 

blind, placebo-controlled trial demonstrated that total exercise 

duration, time to angina onset, 1 mm ST segment depression, 

and limiting angina symptoms were all improved by the 

adjunct of ivabradine. This trial also showed that ivabradine 

was safe and effective for patients with chronic stable angina 

who were already taking atenolol.

The BEAUTIFUL (morBidity, mortality EvAlUaTion of 

the IF inhibitor ivabradine in patients with coronary disease 

and left-ventricULar dysfunction) trial12 investigated the 

effect of ivabradine on cardiovascular outcomes in patients 

with stable CAD and left ventricular systolic dysfunction. In 

this trial, more than 10,000 patients were randomly assigned 

to receive ivabradine or placebo in addition to first-choice 

cardiovascular medication, including beta-blockers. The 

overall study showed a favorable effect of ivabradine on 

ischemic events in patients with a baseline heart rate of 

70 beats per minute (bpm) or greater, with a reduction in 

the incidence of admission to hospital for myocardial infarc-

tion and coronary revascularization.13,14 The BEAUTIFUL 

echocardiographic sub study15 found a favorable effect of 

ivabradine versus placebo on left ventricular remodeling and 

function in patients with CAD and left ventricular systolic 

dysfunction. In particular, ivabradine was associated with a 

significant decrease in left ventricular end-systolic volume 

index and an increase in left ventricular ejection fraction. 

Reduction in left ventricular end-systolic volume index was 

related to the degree of heart rate reduction with ivabradine. 

This suggests that ivabradine may be able to reverse left 

ventricular remodeling.16 Also, a study17 showed that the 

ivabradine-induced heart rate reduction was less evident 

during sleep and that combination therapy with beta-blocker 

was well tolerated.

The effect of ivabradine was recently investigated in 

patients with acute ST-segment elevation myocardial infarc-

tion treated with primary percutaneous coronary intervention, 

by the VIVIFY (eValuation of the IntraVenous IF inhibitor 

ivabradine after st-segment elevation mYocardial infarction) 

study.18 This randomized, placebo-controlled, double-blind, 

pilot study indicates that the use of ivabradine after percuta-

neous coronary intervention for ST-segment elevation myo-

cardial infarction produced a rapid and sustained reduction 

in heart rate. Such a rapid and reversible slowing of heart 

rate was not associated with changes in blood pressure. Also, 

intravenous ivabradine was safe and well tolerated. Potential 

beneficial effects of ivabradine against reperfusion injury8 

were not studied, since ivabradine was not given at immedi-

ate reperfusion. Taken together, the available data show that 

ivabradine therapy improves exercise performance and delays 

the development of ischemia in patients with chronic stable 

angina who are or are not treated with beta-blockers.

Recently, the SIGNIFY (Study assessInG the morbidity–

mortality beNefits of the IF inhibitor ivabradine in patients 

with CAD) trial19 that evaluated the long-term effect of 

ivabradine in patients aged 55 years or older with stable 

CAD and left ventricular ejection fraction above 40%, with 

no clinical sign of HF, reported some preliminary contra-

dictory findings. The SIGNIFY tested the hypothesis that 

heart rate reduction with high dose (not approved by EMA) 

ivabradine may reduce mortality and cardiovascular events 

in patients with CAD. Preliminary results from the SIGNIFY 

showed a small but significant increase in the combined 

risk of  cardiovascular death or non-fatal heart attack with 

ivabradine in a subgroup of patients with symptomatic 

angina (Canadian  Cardiovascular Society class II–IV). 

For these reasons, in May 2014, the EMA has started a 
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review of the benefit/risk ratio of ivabradine, after a request 

by the European Commission, based on the preliminary 

results of the SIGNIFY. The review will help understand 

the impact of these data on the balance of benefits and risks 

of ivabradine. The ongoing review of the SIGNIFY data by 

the EMA is expected to clarify the benefit/risk of ivabradine 

in patients with CAD. However, it must be clarified that 

SIGNIFY was conducted with a titration and a dose of the 

drug that is not approved for clinical use and therefore the 

results of the trial have little implication for clinical practice. 

These preliminary data do suggest, however, that ivabradine 

up-titration should be performed according to the approved 

regimens and that maximum recommended doses must not 

be exceeded.

Efficacy of ivabradine  
in heart failure
Studies with beta-blockers have shown that the beneficial 

effect of these drugs in patients with HF is related to their 

degree of heart rate reduction.20,21 The BEAUTIFUL study 

showed that, in patients with left ventricular dysfunction 

and heart rate .70 bpm, ivabradine reduced cardiovascular 

events. Therefore, a sound rationale supported the investi-

gation of ivabradine in patients with chronic HF due to left 

ventricular systolic dysfunction. The SHIFT (Systolic Heart 

failure treatment with the IF inhibitor ivabradine Trial)22 

tested the effect of ivabradine as add-on to standard treatment 

with angiotensin converting enzyme (ACE)-inhibitors and 

beta-blockers in patients with chronic HF in sinus rhythm. 

The trial showed a significant effect of ivabradine on cardio-

vascular and total mortality and hospitalization for HF. Of 

interest, the trial showed a progressive protective effect of 

ivabradine on cardiovascular death and hospital admission for 

worsening HF, with reductions in heart rate. Best event-free 

survival was observed in patients with heart rate .60 bpm. 

Also, decrease in heart rate was associated with a reduction 

in cardiovascular death and hospital admission for worsen-

ing HF. The SHIFT echocardiography sub study23 confirmed 

the efficacy of ivabradine on left ventricular remodeling and 

ejection function, and a subsequent analysis24 further showed 

that the benefit obtained with ivabradine treatment on HF hos-

pitalization in the SHIFT was maintained over several years 

and attenuated the likelihood of recurrent hospitalizations for 

worsening HF, also with a reduction in health care costs.

In a subsequent post hoc analysis of the SHIFT requested 

by the EMA,25 in patients with heart rate $75 bpm, ivabradine 

was shown to reduce all-cause mortality (17% risk reduction), 

therefore suggesting that the higher the baseline heart rate the 

greater the effect of the drug. Ivabradine was effective in reduc-

ing cardiovascular death or HF hospitalization, all-cause death, 

HF death, and hospitalization for worsening HF irrespective of 

disease severity. Based on these data, the EMA recommends 

prescription of ivabradine for patients with chronic HF of New 

York Heart Association classes II–IV, with systolic dysfunction, 

in sinus rhythm, and with heart rate $75 bpm, in combination 

with standard therapy including a beta-blocker or when beta-

blocker therapy is contraindicated or not tolerated.

Although the BEAUTIFUL and the SHIFT trials included 

a population that differed in their primary diagnosis (in 

particular, for the presence of HF), a pooled analysis of indi-

vidual patient data from the two trials was conducted,26 which 

further demonstrated the effect of ivabradine in patients with 

left ventricular systolic dysfunction.

Of note, in the Patient-Reported Outcomes sub study,27 

the reduction of heart rate obtained after ivabradine treat-

ment was associated with an improvement in health-related 

quality of life. As a consequence, improved wellbeing may 

be reflected in improved survival, as the former is a predictor 

of long-term mortality in HF.28 Thus, given the relevance of 

quality of life and functional capacity in HF, the CARVIVA 

HF (CARVedilol, IVAbradine or their combination on exer-

cise capacity in patients with Heart Failure) trial29 assessed 

the effect of ivabradine on exercise capacity, exercise dura-

tion, and quality of life of a therapeutic strategy aimed at 

optimizing ACE inhibition and reducing heart rate using 

carvedilol, ivabradine, or their combination. This prospec-

tive, randomized, open, blinded end-point study in patients 

with chronic HF demonstrated that ivabradine alone or in 

combination with carvedilol was more effective than carve-

dilol alone in improving exercise capacity and quality of life 

in HF patients. Also, patients receiving ivabradine plus carve-

dilol were more likely to reach target therapeutic doses than 

patients receiving carvedilol alone. Ivabradine was found 

to be an effective add-on treatment to ACE inhibitors and 

diuretics in HF, allowing uptitration of ACE inhibitors to 

optimal doses in HF. These results also suggest that the effect 

of ivabradine on exercise capacity was related not only to 

heart rate reduction, but also to differing effects of ivabradine 

and carvedilol on skeletal muscle performance.

Clinical implications and 
mechanisms of action of ivabradine
Treatment with ivabradine reduces resting heart rate, heart 

rate during exercise, and rate-pressure product (heart rate × 

systolic blood pressure) without affecting resting and exercise 

blood pressure. These effects result in a reduction in cardiac 
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workload and myocardial oxygen consumption at rest and 

during exercise that may benefit patients with ischemic heart 

disease as well as those with HF.30

In patients with ischemic heart disease a significant and 

dose-dependent improvement in total exercise capacity, as well 

as a significant decrease in the number of anginal episodes and 

use of short-acting nitrates, has been observed with ivabra-

dine.30 However, the pharmacologic management of patients 

affected by angina remains challenging as the addition of 

ivabradine should be considered in symptom-limited patients 

when heart rate is sub optimally controlled.10 In particular, 

ivabradine is indicated for the symptomatic treatment of 

chronic stable angina pectoris in patients with normal sinus 

rhythm, unable to tolerate or with a contraindication to the 

use of beta-blockers, or in combination with beta-blockers, 

whose heart rate is higher than 60 bpm. Given the results of 

the SIGNIFY it is advisable not to exceed the recommended 

doses of 5 or 7.5 mg twice daily and to start slow in the elderly 

where the initial dose should be 2.5 mg twice daily. The dose 

should be adjusted according to the pharmacodynamic effect 

on heart rate. Ivabradine should not be seen as an alternative to 

beta-blockers but rather a treatment to use in association with 

beta-blockers to maximize the anti-ischemic effect of heart 

rate reduction as shown by the ASSOCIATE study.

Ivabradine is a valid therapeutic resource for HF with 

proven long-term benefits.31 The European Society of 

 Cardiology/Heart Failure Association guidelines suggest its 

use in patients already receiving an ACE-inhibitor, a beta-

blocker and, if indicated and tolerated a mineralocorticoid 

receptor antagonist, in sinus rhythm when the heart rate 

is .70 bpm. The EMA suggests introducing it in therapy 

when the heart rate is .75 bpm. The first recommendation 

is evidence-based and takes into account the results on the 

cumulative end points of the SHIFT study (Mortality and 

Hospital Admission) while the EMA recommendation is based 

on the heart rate threshold above which the drug showed a 

benefit on overall mortality. Regardless of these differences, 

ivabradine is extremely effective in improving quality of life 

and exercise capacity with long-term benefits and should be 

implemented whenever possible in patients with HF.

Side effects and benefit/risk  
ratio of ivabradine
The most commonly reported side effects are bradycardia 

and visual symptoms (phosphenes, or flashing scotomata),32 

which are usually temporary and disappear after the drug is 

stopped. Visual symptoms may appear because some retinal 

cells also harbor the I(f) current.

On the other hand, as aforementioned, ivabradine has 

no negative effect on inotropy, does not lead to coronary 

vasoconstriction, and has no effect on blood pressure.33 

Finally, ivabradine shows excellent tolerability and safety 

also when added to other anti-anginal agents.18 The clinical 

development plan of ivabradine has shown that the drug, at 

the approved doses, is effective and safe and has a positive 

benefit/risk ratio in ischemic heart disease and in HF. In 

patients with angina, however, recent data from the SIGNIFY 

study seem to suggest that high dose and fast uptitration 

may be associated with increased event rates and therefore 

should be avoided.

Conclusion
Ivabradine is a heart rate reducing agent with added benefits 

on coronary and peripheral circulation and well-established 

anti-anginal properties. It is recommended for the treatment 

of CAD and HF. Short and medium term studies support 

the use of ivabradine in patients with ischemic heart disease 

according to the approved doses. However, its benefit/risk 

ratio is currently under review by the EMA based on the pre-

liminary negative findings from a subgroup of patients of the 

SIGNIFY trial that tested high dose and fast uptitration of the 

drug. Future approval by the Food and Drug Administration 

in the US is also warranted.

The place in therapy of ivabradine in HF is well estab-

lished and is supported by the evidence of its effect on 

mortality and hospitalization for HF.
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