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Introduction
Heart failure (HF) is a clinical syndrome identified 
by a combination of characteristic symptoms 
(such as dyspnoea, ankle swelling and fatigue) and 
clinical signs (including raised jugular venous 
pressure, pulmonary crackles and peripheral 
oedema). These clinical signs and symptoms may 
be secondary to an abnormality in cardiac struc-
ture or function resulting in reduced cardiac out-
put, which may lead to elevated intracardiac 
pressures at rest or during stress.1 Although preva-
lence is dependent on definition applied, it is esti-
mated at approximately 1–2% of the adult 
population in developed countries.2 In the UK, 
900,000 patients have HF and over 60,000 are 
thought to develop the condition per year. Overall, 
it is estimated that HF accounts for 2% of the total 
NHS budget in the United Kingdom, the majority 
of which relates to repeated hospitalization.3 The 
prevalence of HF in the United States of America 
is estimated at 5.8 million; worldwide it is thought 
to be in the order of 23 million.4

The prevalence of HF increases with age. Hence, 
with an ageing population, improved survival from 
ischaemic heart disease and more effective treat-
ments, HF prevalence is expected to rise. HF 
prognosis has improved over the past 10 years, 
principally as a result of the improved understand-
ing and utility of prognostic HF pharmacotherapy, 

yet in spite of this, the overall prognosis remains 
poor.5,6

Current international guidelines advocate the 
classification of HF based on left ventricular sys-
tolic function, as estimated by left ventricular 
ejection fraction (EF). Using this classification, 
HF is divided into three categories: HF with pre-
served EF (HFpEF; EF ⩾ 50%), HF with mid-
range EF (HFmrEF; EF 40–49%) and HF with 
reduced EF (HFrEF; EF < 40%). This differen-
tiation is clinically important due to different 
therapeutic responses of many prognostic HF 
medications based on underlying EF, with most 
clinical trials showing a reduction in both mor-
bidity and mortality only in patients with HFrEF.1 
The therapeutic goals of drug therapies in HF are 
to improve patients’ symptoms, prevent hospital 
admissions and reduce mortality. In HFrEF, 
standard pharmacotherapy is centred around 
three neurohumeral antagonists: angiotensin con-
verting enzyme (ACE) inhibitors (ACEi) or angi-
otensin receptor blockers (ARBs), β blockers and 
mineralocorticoid receptor antagonists (MRAs). 
In patients with symptomatic HFrEF and a high 
resting heart rate (heart rate >70) in spite of opti-
mal medical therapy, ivabradine is indicated. In 
this article, the mechanism of action of ivabradine 
is examined, the evidence base for its use in 
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patients with HF is explored and this is applied to 
its current role within the available armamentar-
ium of drug treatments for HF. Ivabradine is 
additionally used in clinical practice as a primary 
antianginal therapy; its use in this capacity is 
beyond the scope of this article and thus not dis-
cussed in detail.

The significance of heart rate in patients 
with HF
Elevated resting heart rate is an independent pre-
dictor of cardiovascular morbidity and mortality 
in both the general population and in patients 
with HF, irrespective of underlying ejection  
fraction.7–11 The pathophysiology of this observa-
tion is multifaceted, relating to the creation of a 
mismatch between myocardial oxygen supply and 
demand at higher heart rates, with increased vas-
cular oxidative stress, endothelial dysfunction, 
acceleration of atherogenesis and coronary plaque 
instability.12 Patients with HF in particular are 
prone to higher resting heart rates due to com-
pensatory neurohumeral activation resulting in 
increased sympathetic activity.13 This drives an 
increase in oxygen demand, reduced ventricular 
efficiency and consequently worsens HF.14 
Multicentre studies have demonstrated an asso-
ciation between higher admission heart rates with 
worse outcomes, including mortality, in patients 
admitted to hospital with HF.15 Additionally, 
higher discharge heart rates in patients with HF 
are associated with increased mortality and hospi-
tal readmission.16

The association of β-blocker use with improved 
mortality in patients with HFrEF is well estab-
lished.17 An area of controversy had related to 
whether the beneficial effects of β blockers in this 
patient group are derived directly from the reduc-
tion in heart rate itself, or from a more complex 
pathway relating to their effect of adrenergic inhi-
bition. A meta-analysis of patients with HFrEF 
treated with β blockers demonstrated that the 
degree of heart rate reduction correlated with 
improved mortality.18,19 These findings indicated 
that there may be a possible role for additional 
heart rate reducing therapies in the treatment of 
HF, either with greater β receptor or If channel 
inhibition. This is particularly pertinent as optimal 
heart rate control is sometimes not achieved in 
patients with HF. Some patients may be unable to 
tolerate β blockers, or titration to optimal doses, 
due to their well established side-effect profile or 
pre-existing contraindications. A meta-analysis of 

patients with HF indicated that for every 5 beats 
per minute (bpm) reduction in heart rate 
achieved, an 18% reduction in all-cause mortality 
is observed.19

Ivabradine
Ivabradine (Procoralan, Servier Laborataories 
Ltd, France and Corlanor, Amgen Inc., USA) is a 
selective If (‘funny’) channel inhibiting drug. The 
sinoatrial (pacemaker) nodal cells of the cardiac 
myocytes are responsible for generating a sponta-
neous diastolic depolarization current that deter-
mines the heart rate, by allowing the threshold for 
action potentials to be reached. This is achieved 
through the use of the If channels, located in the 
sinoatrial node, which control the slope of the 
diastolic depolarization.20,21 This is known as the 
If current and can be activated by voltage changes, 
cyclic nucleotides and nitric oxide. Direct binding 
of cyclic adenosine monophosphate (c-AMP) 
molecules increases the opening probability of the 
channel, making it possible for the channel’s activ-
ity to be altered by both sympathetic and para-
sympathetic stimulations.22–24 Ivabradine reduces 
the heart rate by selectively and specifically inhib-
iting the If channels in a concentration-dependent 
manner.25 Experimental studies of ivabradine 
have demonstrated independent reduction of 
heart rate without any effects on blood pressure, 
myocardial contractility and relaxation, ventricu-
lar repolarization or myocardial conduction.26–28

Ivabradine enters the If channel and binds to its 
intracellular side, subsequently disrupting the 
mixed sodium and potassium ion current flow 
through the channel. This prolongs the slow 
spontaneous phase of diastolic depolarization, 
and thereby reduces HR. The activity of ivabra-
dine is therefore dependent on the opening (dur-
ing repolarization) and closing (in depolarization) 
of the If channels, with greater potency seen with 
faster heart rates. At higher concentrations, the 
activity of ivabradine saturates, preventing 
adverse reductions in the HR.23,29

It has long been recognized that diseased, hypertro-
phied hearts are predisposed to malignant arrhyth-
mia, and the discovery that If currents are also 
increasingly seen in such states raised the possibility 
that blocking this channel may be beneficial.30–33

If current is carried through a series of hyperpolar-
ization-activated cyclic nucleotide-gated (HCN)  
channels, which are present in large numbers in 
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vitro, but decline thereafter such that in healthy 
adults they are only present in pacemaker cells 
such as the sinoatrial node. Its activity is medi-
ated both by the sympathetic nervous system in 
response to β-adrenergic and muscarinic receptor 
activation but also by nitric oxide stimulated 
cGMP and calcium intracellular pathways.34–36

However, in animal models and human hearts 
with severe ischaemic cardiomyopathy, HCN 
channels reappear in greater numbers and increas-
ing amplitude in ventricular myocytes, and 
appear, in mouse models at least to be associated 
with enhanced likelihood of automaticity and the 
development of malignant action potentials which 
may give rise to arrhythmia, independent of sym-
pathetic mediated tachycardia.32,34–36

There is as yet little direct evidence in humans 
that this increased HCN expression in ventricular 
myocytes is linked to malignant arrhythmia, or 
that by blocking these channels leads to a reduc-
tion in rates of sudden cardiac death, although 
currently reported randomized controlled trials 
were not designed to look at this particular end-
point, and it remains a potential area of focus for 
future research.31,36–39

Ivabradine is administered in an oral tablet prepa-
ration. Under fasting conditions, it reaches peak 
concentrations at 1 h. Oral bioavailability is 
approximately 40%; ingestion with food is recom-
mended as this increases systemic absorption by 
20–30%. The main half life of ivabradine is 2 h 
with an effective half life of 11 h. About 70% of 
the drug is bound to plasma on absorption.40

Ivabradine undergoes extensive oxidation in the 
gut, and along with its metabolite, N-desmethylated 
derivative, by cytochrome P450 (CYP) 3A4 
enzymes in the liver. Inhibitors of CYP 3A4 may 
affect ivabradine plasma concentration due to its 
low affinity for the enzyme, and it is recommended 
to avoid concurrent administration. Metabolites 
are excreted equally in faeces and urine.23,40

Fundamental clinical trials: ivabradine in 
patients with HFrEF
Large multicentre, randomized controlled trials 
have played a significant part in our understanding 
of the role ivabradine has in the pharmacotherapy 
of patients with HFrEF. The first of these was the 
Morbidity–Mortality Evaluation of the If Inhibitor 
Ivabradine in Patients with Coronary Disease  

and Left-ventricular Dysfunction (BEAUTIFUL) 
trial.41 The BEAUTIFUL trial was a multicentre, 
randomized, double-blinded, placebo-controlled 
study of 10,917 patients to assess the mortality–
morbidity benefits of ivabradine use in patients 
with coronary artery disease (CAD) and left ven-
tricular systolic dysfunction. A total of 5479 
patients were randomized into a group receiving 5 
mg ivabradine (uptitrating to 7.5 mg twice per 
day), and 5438 to the placebo group and followed 
up for 12–35 months (median 19 months). Both 
groups also received medical therapy, including 
aspirin, ACEi and β blockers. The trial included 
patients over the age of 55 with stable CAD, in 
sinus rhythm with resting HR at least 60 bpm, 
HFrEF with EF less than 40%, clinically stable 
for at least 3 months in regards to angina and HF 
symptoms, and on appropriate cardiovascular 
medication for 1 month. The results demon-
strated no difference in the primary endpoint of 
composite of cardiovascular death, admission for 
myocardial infarction (MI) and admission for HF 
for those receiving ivabradine compared with pla-
cebo [22.5% versus 22.8%; hazard ratio (HR) 
1.00; 95% confidence interval (95% CI) 0.91–
1.1; p = 0.94] and no differences in any prespeci-
fied subgroup. There was an average of 6 bpm 
reduction in HR with ivabradine use. There were 
eight secondary endpoints ranging from all-cause 
mortality to admission for HF or MI. There were 
no differences in the secondary endpoints in the 
overall population. However, a subgroup analysis 
of those patients with HR at least 70 bpm (5392 
patients), ivabradine appeared to reduce admis-
sion for acute MI by 36% (fatal and nonfatal; p = 
0.001); reduce composite admission for acute MI 
or unstable angina by 22% (p = 0.023); and addi-
tionally to reduce coronary revascularization by 
30% (p = 0.016). It should be noted, however, 
that these endpoints were only prespecified in the 
overall population and conclusions therefore 
should be interpreted with caution.41

Of note, some of the larger effects of ivabradine in 
the higher-HR subgroup in the BEAUTIFUL 
study could be attributed to the higher dosage of 
β blockers in patients with HR less than 70 bpm. 
The BEAUTIFUL study was successful in high-
lighting an important therapeutic target, which 
led to trials for assessing the true effects of ivabra-
dine in the subgroup of patients with HFrEF and 
HR at least 70 bpm, the SHIFT trial.42

The SHIFT trial (Systolic Heart Failure 
Treatment with the If Inhibitor Ivabradine Trial) 
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was a randomized, double-blinded, multicentre 
placebo-controlled trial of 6558 patients with sta-
ble symptomatic chronic HF of New York Heart 
Association (NYHA) class II–IV, with severe left 
ventricular systolic dysfunction (EF ⩽ 35%) of 
both ischaemic and nonischaemic aetiology. 
Patients were in sinus rhythm, with a resting heart 
rate of 70 bpm or higher (mean HR 79.9 bpm). 
Patients enrolled had had a HF-related hospitali-
zation in the preceding 12 months and were 
already established on HF pharmacotherapy, 
with 89% taking a β blocker if tolerated, 91% tak-
ing ACEi or ARB and 60% taking an MRA. 
Patients were randomized to receive either ivabra-
dine or placebo. The ivabradine dose was titrated 
over the first month of the study to achieve a heart 
rate less than 70 bpm. The trial assessed the out-
come of HR reduction by ivabradine as an adjunct 
to standard HFrEF therapy, with median follow 
up of 22.9 months. The trials demonstrated that 
ivabradine use was associated with a reduction in 
the primary endpoint of the composite of cardio-
vascular death or hospitalization for worsening 
HF symptoms (HR 0.82, 95% CI 0.75–0.90, p < 
0.0001). These findings were principally driven 
by hospital admissions for worsening HF (21% in 
the placebo group versus 16% in the ivabradine 
group; HR 0.74, 95% CI 0.66–0.83, p < 0.0001). 
For the secondary end points, there was no differ-
ence in the all-cause or CV mortality (HR 0.90, p 
= 0.092 and HR 0.91, p = 0.128 respectively). 
Ivabradine was associated with a reduction in all-
cause hospitalization (HR 0.89, p = 0.003). 
There was a nonstatistically significant trend 
towards reduced benefit of ivabradine with con-
comitant baseline β-blocker use. Patients with the 
highest preintervention heart rate (HR > 87) 
were observed to have the greatest reduction in 
HR with ivabradine and also the largest reduction 
in clinical primary end points (HR 0.75, 95% CI 
0.67–0.85). Subgroup analysis identified that 
ivabradine did not significantly reduce end points 
in patients with baseline HR less than 75 bpm. 
Ninety percent of patients in the SHIFT trial 
were on β blockers but only 26% of these were at 
target doses. Further subgroup analysis assessed 
the impact of baseline β-blocker dose on the effi-
cacy of ivabradine at reducing composite end-
point, identifying only a statistically significant 
reduction in patients taking less than 50% of the 
target β-blocker dose. It is likely that patients 
receiving lower doses of β blockers had higher 
resting heart rates and thus are more likely to ben-
efit from ivabradine therapy.43

Post hoc analysis of the SHIFT trial assessed the 
influence of comorbidities on the effects of ivabra-
dine, and on the mortality and morbidity on the 
SHIFT patient population. Increasing comorbid-
ities were associated with increased rate of CV 
death or HF hospitalization (p < 0.0001), with 
most events occurring in patients with more than 
three comorbidities (in both ivabradine and con-
trol groups). The rate of hospitalization was how-
ever lower in the ivabradine group.44

There is some evidence to suggest that ivabradine 
may have other, less quantifiable and more sub-
jective beneficial effects for patients. In a prespec-
ified substudy analysis from the SHIFT trial, 
1994 patients were assessed for patient-reported 
quality of life metrics using the Kansas City 
Cardiomyopathy Questionnaire (KCCQ) at base-
line, 4 and 12 months. The study found that 
ivabradine was associated with improved quality 
of life as measured with the KCCQ by 1.8 for 
Clinical Summary Scores (CSS) and 2.4 for 
Overall Summary Scores (OSS) (placebo cor-
rected, p=0.02 and p < 0.01, respectively). What 
was noteworthy from the same study was that the 
larger the reduction in heart rate the greater the 
improvements seen in quality-of-life scoring (p < 
0.001), although it must be acknowledged that 
the study population included a greater number 
of patients with less severe symptoms of NYHA 
class II than the overall population, allowing for a 
potential source of bias.45 These improvements in 
quality-of-life scores seen with ivabradine have 
been replicated elsewhere, such as in a small ran-
domized single-blinded Italian trial of 60 patients 
in which there was a greater improvement in  
the Minnesota Living with Heart Failure 
Questionnaire scoring in the group taking ivabra-
dine compared with baseline at 3 months (37.5 + 
1.9; p < 0.0001).46

Clinical applications of ivabradine in HF
The European Society of Cardiology (ESC) rec-
ommend the use of ivabradine to reduce risk of 
HF hospitalization or cardiovascular death in 
symptomatic patients (NYHA category II–IV) 
with severe left ventricular systolic impairment 
(EF ⩽ 35%), in sinus rhythm with resting heart 
rate at least 70 bpm, in spite of treatment with an 
evidence-based dose of a β blocker (or maximally 
tolerated dose below that), ACEi (or ARB) and 
an MRA. The guidance also recommends the use 
of ivabradine in patients with symptomatic 
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HFrEF who are unable to tolerate, or have con-
traindications, to β blockers, again in conjunction 
with an ACEi (or ARB) and an MRA. The 
European Medicines Agency (EMA) approved 
ivabradine for use in Europe for patients with 
HFrEF and EF up to 35%, in sinus rhythm with 
a resting HR at least 75 bpm, as this group con-
ferred a survival benefit.47 Due to its action as an 
antianginal medication, the ESC guidance also 
recommends the use of ivabradine as an antiangi-
nal drug in suitable patients with HFrEF (sinus 
rhythm with HR at least 70 bpm) with sympto-
matic stable angina pectoris.

The UK-based National Institute for Health and 
Care Excellence HF guidelines are similar, rec-
ommending the use of ivabradine as a treatment 
option for chronic HF for patients with severe left 
ventricular systolic impairment (EF ⩽ 35%), who 
are NYHA category II–IV, in sinus rhythm with 
resting heart rate ⩾75 bpm, and are already stabi-
lized on optimal HF therapy (including ACE 
inhibitors, β blockers and MRA) for a period of at 
least 4 weeks. The guideline recommends the 
medication be initiated by a HF specialist with 
access to a multidisciplinary HF team and that 
dose titration be carried out.6,48,49

The US Food and Drug Administration (FDA) 
approved the use of ivabradine as an agent to 
reduce the risk of hospitalization in patients with 
worsening HFrEF. The 2017 American College 
of Cardiology/American Heart Association/Heart 
Failure Society of America updated guideline on 
the management of HF stipulates that ivabradine 
can be beneficial for reducing HF related hospi-
talization for patients with symptomatic (NYHA 
I–II) stable chronic HFrEF (EF ⩽ 35%) who are 
receiving guideline-directed medical therapy, 
including a β blocker at maximum dose, and who 
are in sinus rhythm with a resting heart rate of at 
least 70 bpm.50

More recently, there has been growing interest in 
assessing the use of ivabradine in other types of 
HF. The Preserved Left Ventricular Ejection 
Fraction Chronic Heart Failure with Ivabradine 
Study (EDIFY) was a randomized, double-blind, 
placebo-controlled study that assessed ivabra-
dine use in 179 patients with HFpEF. Inclusion 
criteria were NYHA class II–III, sinus rhythm, 
HR at least 70 bpm, EF at least 45% and 
N-terminal pro B-type natriuretic peptide 
(NT-proBNP) at least 220 pg/ml (BNP ⩾ 80 pg/
ml).51 Over the 8-month treatment period, 

ivabradine in comparison to placebo did not con-
fer any significant improvements in any of the 
three coprimary end points of cardiac filling pres-
sure (E/e’), exercise capacity and reduction in 
NT-proBNP concentration, in patients with 
chronic stable HFpEF. Thus, at present, ivabra-
dine therapy is not recommended for treatment 
of HFpEF or patients with HFmrEF.

Dosage and safety of ivabradine
Where indicated in clinical practice, a 2-week ini-
tial trial of 5 mg ivabradine twice per day is rec-
ommended as a starting dose. Thereafter, the 
dose can be uptitrated to 7.5 mg twice per day if 
the target heart rate is not met. If, after initiation, 
there is an observed resting HR less than 60 bpm, 
the dose is decreased to 2.5 mg twice per day. 
Treatment should be discontinued if HR remains 
persistently less than 50 bpm despite dose reduc-
tion or if the patient develops symptomatic brady-
cardia.49 The starting dose may be decreased (2.5 
mg, twice per day) instead of 5 mg twice per day 
for patients with a history of conduction defects 
or in whom bradycardia may result in haemody-
namic compromise.

In patients with mild or moderate hepatic impair-
ment (Child Pugh A or B), no dose adjustments 
are required. Ivabradine use is contraindicated in 
those with severe (Child Pugh C) hepatic impair-
ment. No dose adjustment is required for renal 
impairment where the creatinine clearance (CrCl) 
is between 15 and 60 ml/min. There are currently 
no data available for use in patients with CrCl less 
than 15 ml/min.

The most common adverse effect of ivabradine 
(⩾1/10) reported is luminous phenomena, also 
known as phosphenes (14.5% of patients). 
Seventy-five percent of the reported phosphenes 
resolved during treatment, and 100% resolved 
after treatment. In the SHIFT trial there were 89 
cases (3%) of phosphene occurrence amongst 
the ivabradine cohort compared with 17 (1%) in 
the placebo group (p < 0.0001) and in the 
BEAUTIFUL trial 37 patients (0.3%) withdrew 
from the trial due to visual disturbance, includ-
ing phosphene occurrence.

Common (⩾1/100 to <1/10) side effects include 
bradycardia (reported in 3.3% of patients, usu-
ally within the first 3 months of initiation), head-
ache and atrial fibrillation (AF). In both the 
BEAUTIFUL and SHIFT trials, withdrawal 
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from the study was reported due to symptomatic 
bradycardia, with 13% taking ivabradine report-
ing bradycardia in BEAUTIFUL and 11% in 
SHIFT (compared with 2% of the placebo group 
in both trials) (p < 0.0001). Indeed the authors 
of the BEAUTIFUL trial blamed higher rates of 
bradycardia among the ivabradine group for the 
markedly increased rates of medication discon-
tinuation seen in the same group compared with 
placebo (28% compared with 16%).

In the Study Assessing the Morbidity–Mortality 
Benefits of the If Inhibitor Ivabradine in Patients 
with Coronary Artery Disease (SIGNIFY), the 
morbidity and mortality benefits of ivabradine 
were assessed in patients with stable CAD with-
out clinical HF. It was a large, multicentre, pla-
cebo-controlled, randomized controlled trial 
which reported a higher incidence of bradycar-
dia in the ivabradine group (17.9% versus 2.1% 
in placebo group; p = 0.001).52 AF was also 
higher in the ivabradine group (5.3%) compared 
with the placebo group (3.8%).52 Using data 
from phase II/III double-blind trials, pooled 
analysis of over 40,000 patients given ivabradine 
for at least 3 months showed the incidence of AF 
to be 5.34%, with a 24% relative risk increase 
due to ivabradine compared with the placebo 
group (4.56% incidence).53 This increased inci-
dence of AF was seen to a lesser degree in the 
SHIFT trial, in which 9% of the ivabradine 
group developed AF compared with 8% in the 
placebo cohort (p = 0.012). However, a 2014 
meta-analysis of 21,171 patients from 11 stud-
ies, including all the patients from both the 
BEAUTIFUL and SHIFT trials, found an 
increased relative risk of AF with ivabradine of 
approximately 15% compared with placebo 
(95% CI 1.07–1.24, p = 0.0027).54 The ESC 
HF guidelines include a warning that ivabradine 
may increase the risk of AF.1

Overall adverse effect rates were similar between 
the ivabradine and control groups in the 
BEAUTIFUL trial (23% versus 23%; p = 0.70). 
Ivabradine was well tolerated in the SHIFT trial 
in combination with other HR-lowering drugs 
with a lower rate of adverse effects than seen in 
the placebo group (3388 versus 3847, p = 0.025) 
and only a 1% reported overall population medi-
cation discontinuation rate. In the EDIFY study 
there were no statistically significant differences 
between the ivabradine and placebo groups in the 
incidence of adverse effects (p = 0.633) or in 
rates of discontinuation (p = 0.261).52

Clinical uptake of ivabradine
Since ivabradine obtained its FDA licence for use 
in HF in 2015 and EMA approval in 2012, it 
remains a third-line therapy in HF. Epidemiological 
studies including the UK National Heart Failure 
audit do not routinely measure ivabradine pre-
scribing rates as they do not form part of the key 
performance indicators and it now appears to be 
facing increased pressure from new medications 
such as valsartan/sacubitril which will further 
squeeze its market share.55

The main reason for ivabradine’s lack of success 
is likely due to concerns generated from the 
SIGNIFY trial. The study exposed increased lev-
els of symptomatic bradycardia and a statistically 
significant increase in combined risk of cardiovas-
cular death or nonfatal heart attack in a subgroup 
of patients who had symptomatic angina (3.4% 
versus 2.9% yearly incidence rates); results that 
then prompted an EMA review of the medication 
which almost certainly impacted on its prescrib-
ing levels.56

Another potential stumbling block for ivabradine 
prescribing may include a smaller than antici-
pated target group, with one study suggesting that 
only 9.3% of patients with chronic HF and sys-
tolic impairment were suitable for ivabradine at 
12-month follow up, once disease had been suit-
ably optimized with β blockers and ACEi.57

Conclusion
Ivabradine is a drug that reduces heart rate by 
inhibiting the cardiac If channels in their open 
state. At present, it has been approved for use in 
clinical practice as an adjunct in the treatment of 
select patients with symptomatic HFrEF, specifi-
cally to reduce the risk of HF hospitalization or 
cardiovascular death in patients with severe left 
ventricular systolic impairment (EF ⩽ 35%), who 
are in sinus rhythm with resting heart rate of at 
least 70 bpm, in spite of treatment with an evi-
dence-based dose of a β blocker (or maximally tol-
erated dose below that), ACEi (or ARB) and an 
MRA. There is also a role for ivabradine in the 
treatment of patients with HFrEF who are unable 
to tolerate β-blocker therapy, in combination with 
other prognostic HF medication. In addition to its 
role as a therapeutic agent reducing HF-associated 
morbidity and mortality, the research allied to elu-
cidating its role in HF therapy has proved a useful 
insight into the underlying role of elevated heart 
rate in the pathophysiology of HF.
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