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Introduction

CAD and CHF belong to leading causes of death among 
patients with cardiovascular diseases. Therapeutical ap-
proaches do not always provide a significant improvement 
in the quality of life, a decrease in the frequency of CHF 
exacerbations and hospitalizations, and an improvement of 
the long-term prognosis. Selection of HR-slowing therapy in 
patients with CHF of ischemic genesis is often difficult due 
to the development of undesirable side effects of β-blockers, 
intolerance or contraindications for their use (1). In particu-
lar, not β1 selective β-blockers may cause bronchoconstric-
tion in patients with chronic obstructive airway disease (2) 
and may have negative metabolic effects (3), including a 
reduction in insulin sensitivity. 

A selective HR-lowering agent that does not produce 
these undesirable effects could thus be of therapeutic value 
(4).
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HR is a powerful predictor of mortality in normal indi-
viduals and in patients with coronary events and heart failure 
(5,6), because its reduction decreases myocardial oxygen 
demand and improves endocardial blood supply. HR is the 
main determinant of myocardial oxygen consumption and 
energy utilization; furthermore, an increase in HR reduces 
the diastolic coronary perfusion time. An increase in HR 
as a consequence of increased sympathetic activity may 
trigger ischemic events (8). A wide number of epidemio-
logical studies reported a strong independent association 
between elevated HR and major cardiovascular risk factors 
including atherosclerosis, ventricular arrhythmias, and left 
ventricular dysfunction: specifically, in CAD, elevated HR 
is an independent risk factor for major ischemic coronary 
events, cardiovascular mortality, and sudden cardiac death; in 
CHF, baseline HR is an independent risk factor of all-cause 
mortality, cardiovascular mortality, and hospitalization for 
CHF (9,10). 

Numerous data in literature suggest that HR reduction 
during hospitalization or HR at discharge or in the vulner-
able phase after it are more predictive of early-term events 
and may be therapeutic targets (11,12). 

In this respect, IVA could be considered as a considerable 
option in patients with coronary stable angina (CSA) and 
CHF, because of its acceptable and favorable benefit-risk 
profile (13).

Characteristics of Ivabradine

IVA is a specific HR-lowering agent, with selective 
action on pacemaker activity in the sinoatrial node of the 
heart. It decreases HR and myocardial oxygen consumption 
at rest and during exercise (14-16). Its structure is similar to 
one of the first agents in this category of pharmacological 
compounds (zatebradine) but more specific and more reliable 
than zatebradine in selectively reducing HR (17). Both IVA 
and zatebradine are not able to influence the other currents 
involved in the genesis of action potentials in the sinus node 
cells: the specific action of ivabradine is the inhibition of 
the If current, which is a “mixed” conductance of Na+ and 
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K+ ions. acts on a peculiar channel: the hyperpolarization 
activated-cyclic nucleotide (HCN)-gated channels, very 
similar to voltage-gated potassium channels (18). 

The characteristic action of IVA consist in entering the 
open HCN channel; it is driven to its binding domain within 
the HCN channel by electrostatic forces generated by the 
depolarization process. The outward ion current pulls IVA 
to the site of interaction, while the repolarization produces 
an inward current able to determine a dissociation from the 
binding site. This unique characteristic of IVA is named 
current-dependence property (19). IVA is the first of a new 
class of HR-reducing agents without other direct cardio-
vascular effects (negative inotropic effect, blood pressure 
reduction) (20,21). It exhibited good tolerability and safety 
profile, and can be safely combined with other cardiovascular 
medicaments, such as β-blockers (22-24).

The HR-reducing effect of IVA is proportional to resting 
HR; extreme sinus bradycardia is uncommon. Although the 
QT interval is prolonged with the reduction in HR, no signi-
ficant effect of IVA was found on ventricular repolarization 
duration (25), QT duration, QT dispersion, or maximum and 
minimum QT duration (26) with an adequate  correction for 
HR. Consequently, IVA has no direct torsadogenic potential; 
however, this specific HR-reducing drug should not be ad-
ministered with agents with QT-prolonging effects. Clinical 
trials evidenced that dose-dependent reversible visual side 
effects reported with IVA are not common at treatment doses 
up to 10 mg bid (27, 28).

Clinical Use of Ivabradine

IVA was firstly evaluated as an antianginal because of 
the expected anti-ischemic effect of its negative chronotropic 
properties, as was demonstrated in numerous early, multi-
center, randomized studies. IVA (5.0, 7.5, and 10.0 mg bid) 
has been demonstrated to be non-inferior to atenolol (50 
or 100 mg/day)  in terms of antianginal and anti-ischemic 
efficacy in 939 patients with CSA in INITIATIVE (INter-
natIonal TrIAl on the Treatment of angina with IVabradinE 
versus atenolol) (29). In this study Tardif and coll. (29) 
found that the increase in exercise capacity was associated 
with a prolongation of exercise test duration. Another study, 
Associate (evaluation of the Antianginal efficacy and Safety 
of the aSsociation Of the I

f
 Current Inhibitor ivAbradine 

with a beTa-blockEr) explored the effect of IVA on top of 
atenolol 50 mg/day in 889 patients with CSA (28).  IVA as 
monotherapy improved exercise tolerance, time to devel-
opment of ischemia during exercise, and to reduce angina 
severity and nitrate usage, with benefits that were superior 
to placebo. When used concomitantly with betablockers, 
ivabradine displayed additional improvements these pa-
rameters (30): in combination with atenolol, IVA induced 
a significant increase in total exercise duration (primary 
efficacy criterion) and improvement in other exercise test 
criteria (time to limiting angina, time to angina onset, and 
time to 1-mm ST-segment depression) compared with a 
placebo group receiving background therapy with atenolol. 
This study demonstrated that IVA can be added on top of 
β-blockers in CSA patients with insufficient HR reduction, 
in patients who remain symptomatic despite treatment with 

β-blockers (28), and in patients with refractory angina (31). 
The results of IVA in the treatment of CSA in patients with 
CAD have been confirmed in a broad patient population 
in everyday routine practice (REDUCTION Study) (32), 
independently of the severity of angina and the presence of 
comorbidities (33).

Another current indication of IVA in the international 
guidelines is CHF. The detrimental effects of elevated HR 
in both HF with preserved ejection fraction (HFpEF) and 
HF with reduced ejection fraction (HFrEF) are well known. 
This is the basis for the use of IVA in the treatment of chronic 
HF as an agent that reduces HR without effects on inotropy, 
diastology, blood pressure, and vascular resistance. In SHIFT 
trial (Systolic Heart Failure Treatment with the I(f) Inhibitor 
Ivabradine Trial, which randomized 6,505 patients with New 
York Heart Association functional class II to IV symptoms, 
LVEF ≤35%, and sinus rates ≥70 beats/min to IVA versus 
placebo) the primary composite outcome of cardiovascular 
death for worsening HF was reduced by 18% in IVA group 
(HR: 0.82; 95% CI: 0.75 to 0.90), with a 26% reduction in 
hospitalizations. IVA was confirmed to be safe with infre-
quent, but statistically significant, side effects such as atrial 
fibrillation and symptomatic bradycardia (34,35).

HR reduction could also be an attractive therapeutic 
strategy HFpEF. Preclinical studies with IVA demonstrated 
a potential benefit in this condition, and led to small clinical 
studies that have had contradictory outcomes. Recently, in 
a randomized, double-blind, placebo-controlled trial of 179 
patients with class II to III HF (LVEF ≥45%) and heart rate 
≥70 beats/min, despite a reduction in HR of 13 beats/min, 
IVA did not improve any of the 3 coprimary endpoints (Dop-
pler echocardiographic ratio of early diastolic mitral inflow 
velocity divided by mitral annular early diastolic velocity, 
distance on the 6-min walking test, and plasma N-terminal 
pro–B type natriuretic peptide), indicating a limited role in 
this population (30).

Impact of Ivabradine on Cardiovascular Morbidity

Measurement of HR represents an important component 
of the assessment of patients with CAD and CHF, and should 
be viewed in the same light as other risk factors, such as high 
blood pressure, cigarette smoking, cardiac dysfunction, and 
diabetes, all of which are associated with elevated HR. A 
high HR has direct detrimental effects not only on myocar-
dial ischemia, but also on the progression of atherosclerosis, 
ventricular arrhythmias, and left ventricular function. The 
risk increases at values HR >60 bpm. IVA, a drug that slows 
HR though an effect on the If channels, can be used  alone 
(when betablockers are contraindicated or not tolerated) or 
in combination with betablockers with an important impact 
on cardiovascular morbidity and mortality. 

IVA has been demonstrated to improve cardiac outcomes 
in stable CAD and left ventricular systolic dysfunction in 
patients who have heart rates ≥70 bpm and in patients with 
stable angina. The BEAUTIfUL study demonstrated that 
the treatment with IVA (5.0 or 7.5 mg bid) in 11 thousands 
patients with stable CAD and left ventricular dysfunction 
(LVD) could lead to a 36% reduction in relative risk for fatal 
and nonfatal MI, a 30% reduction in the need for coronary 
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revascularization, and a 22% reduction in the hospitalization 
for fatal and nonfatal MI or unstable angina, in those with a 
baseline HR >70 bpm. This important research prospectively 
evaluated for the first time the effect of HR as a prognostic 
factor, by analyzing the effect of elevated HR on cardiova-
scular events in the placebo arm in this high-risk population 
of patients with CAD and LVD (36). Further analysis in the 
1507 patients in BEAUTIfUL who had angina at baseline 
demonstrated that IVA improved the primary outcome (the 
composite of cardiovascular death, MI and hospitalization 
for heart failure) by 24% and MI alone by 42%, relative to 
placebo (37). 

Similarly, the SHIfT study’s secondary endpoints in-
cluded cardiovascular mortality and hospitalization (38): 
IVA substantially and significantly improves outcomes in 
patients with CHF receiving the best possible evidence-
based background treatment (39) and significantly reduced 
the primary composite endpoint of cardiovascular death 
or hospitalization for worsening heart failure by 18% 
(P<0.0001). The improvement in outcomes became apparent 
within 3 months of initiation of treatment, and benefits were 
maintained through the course of the trial in all prespecified 
subgroups: patients below or over 65 years of age, males and 
females, receiving or not betablockers at randomization, with 
heart failure of an ischemic or nonischemic etiology, NYHA 
class II or class III/IV, with or without diabetes, and with 
or without hypertension. Analysis of secondary endpoints 
showed a strong trend toward a 10% reduction in all-cause 
mortality (P=0.092), a significant reduction in death from 
heart failure by 26% (P=0.014), and significant reduction in 
hospitalization for heart failure by 26% (P<0·0001). In this 
study bradycardia leaded to study withdrawal in only 1% 
of the overall population, which is remarkable considering 
that 89% were receiving betablockers. These results support 
the importance of HR reduction with IVA for improvement 
of clinical outcomes in CHF (39).

The results of the BEAUTIfUL trial (24, 36, 37) shed 
new lights on the role of HR control in CVD and put the 
basis for the SIGNIfY trial (Study assessInG the morbidity-
mortality beNefits of the If inhibitor ivabradine in patients 
with coronarY artery disease), which enrolled patients with 
CAD and normal left ventricular function and resting HR 
≥70 bpm. The primary endpoint  took into consideration only 
CAD outcomes, i.e. cardiovascular mortality and hospitali-
zation for MI. (40). Patients in the study received up to 10 
mg twice daily, which is higher than the currently authorized 
maximum daily dose of 7.5 mg twice daily.  The results from 
the trial suggest that these high doses of IVA have rather 
inconsistent effects on cardiovascular outcomes: there was 
no significant difference between the IVA group and the pla-
cebo group in the incidence of the primary end point (6.8% 
and 6.4%, respectively; hazard ratio, 1.08; 95% confidence 
interval, 0.96 to 1.20; P=0.20). IVA was associated with a 
small but significant increase in the combined risk of CV 
death or nonfatal MI among patients with activity-limiting 
angina but not among those without activity-limiting angina. 
Among patients who had stable CAD without clinical HF, 
lowering heart rate with IVA doesn’t reduce the risk of CV 
death or nonfatal MI (41).

In a very recent research (42), compared with placebo or 
standard care, IVA reduced HR compared with placebo or 

standard care (eight randomized clinical trials, 464 patients, 
weighted mean difference: –9.5 beats/min; 95% confidence 
interval: –13.3 to –5.8). Risk of bradycardia was not different 
between IVA and control (five randomized clinical trials, 434 
patients; 95% confidence interval: 0.60–2.38). 

Additionally, the use of IVA has recently been reported 
in limb girdle muscular dystrophy, in order to treat the 
associated cardiomyopathy (43). As advances in respira-
tory support have improved the outcomes of patients with 
muscular dystrophy; the prognostic significance of cardiac 
disease has increased: in this respect, IVA resulted to be well 
tolerated and reduced symptoms, morbidity and mortality 
in this cohort. 

However, the effect on mortality in acute care remains 
unclear. Further clinical trials are required in order to detect 
changes in clinically relevant outcomes.

New Perspectives on the Use of Ivabradine

An interesting therapeutical strategy, recently gaining 
more attention in clinical practice, is the fixed combination 
in association with the betablocker metoprolol. In a recent 
prospective, multicenter, observational cohort study, the 
effectiveness and tolerability of the first fixed-dose combina-
tion (FDC) formulation of IVA and metoprolol was evaluated 
in stable angina pectoris: patients received this FDC for 4 
months, in addition to cardiovascular standard therapy; HR, 
number of angina attacks, short-acting nitrate consumption, 
severity of symptoms and tolerability were documented (44). 
In this cohort of patients in their real-life setting (presenting 
with already intense anti-anginal pre-treatment at baseline) 
the FDC preparation was associated with a further reduction 
in HR by 10 bpm, a clinically relevant reduction of angina 
symptoms and nitrate consumption by more than 80%, an 
improved exercise capacity. Proportion of patients with 
≥ 1 angina attacks/week decreased from 38 to 7%. The 
tolerability of the FDC was favorable with no unexpected 
safety signals during follow-up, thus increasing medication 
adherence and symptom control in clinical practice.

A beneficial effect of IVA on inappropriate sinus tachy-
cardia has also been reported, with a significant reduction 
in the level of symptoms in investigated populations In a 
recent study, almost all patients with excessive sinus node 
automaticity were asymptomatic on treatment; in contrast, 
the majority of patients with autonomic dysregulation re-
ported residual symptoms (45). As the remaining symptoms 
were observed despite effective heart rate reduction, these 
complaints could be attributed to dysautonomia. Another 
study investigated the effectiveness of early short-term 
IVA treatment in new-onset acute HF and concurrent sinus 
tachycardia in patients with inflammatory rheumatic disease 
(46). HR, left ventricular ejection fraction, biomarkers of 
HF and NYHA classification score were compared prior to 
and after IVA treatment. The mean resting HR decreased 
from 118.0±13.8 to 83.3±7.3 bpm; transthoracic echocar-
diography evidenced a significant improvement in the left 
ventricular ejection fraction after 2 weeks IVA prescription 
when compared with the baseline evaluation (51.2±8.4 
vs. 38.0±9.0%); N-terminal proB-type natriuretic peptide 
decreased (4,900±3,672 vs. 16,806±16,130 pg/ml)  with 
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an improvement in NYHA classification score (2.3±0.6 vs. 
3.5±0.5) at 2 weeks. This suggested that early use IVA  is safe 
in patients with new-onset acute HF and enhances the sinus 
rate reduction, which could improve heart function (46).

Conclusion

IVA points toward an important approach in the treat-
ment of patients with CAD or CHF, the most common type 
of heart disease representing a global health problem with 
heavy economic costs (47-50), based upon the concept of 
exclusive HR reduction. 

Together with life-style change and nutritional cardiova-
scular prevention (51-59), IVA can represent an appropriate 
pharmacological approach in order to reduce cardiovascular 
morbidity and mortality. Beyond simple HR reduction, IVA’s 
benefits are related to its limited side effects: this characteri-
stic makes it more acceptable to patients. Nevertheless, more 
research is needed in order to obtain more solid evidence 
about its use in clinical medical practice.
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