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Abstract Increase in heart rate represents a significant con-
tribution in the pathophysiology of coronary artery disease
and heart failure, by promoting atherosclerotic process and
endothelial dysfunction. Thus, it negatively influences cardio-
vascular risk in the general population. The aim of this review
is to analyze the current, controversial, and future role of
ivabradine as an anti-anginal agent in the setting of coronary
artery disease without heart failure. Ivabradine represents a
selective heart rate-lowering agent that increased diastolic per-
fusion time and improving energetics in the ischemic
myocardium.

Keywords Coronary artery disease . Ivabradine . Heart
failure . Heart rate

Introduction

In contrast to most other vascular beds, myocardial oxygen
extraction is near maximal at rest. The major determinants of
myocardial oxygen consumption are heart rate, systolic pres-
sure (myocardial wall stress), and left ventricular contractility.

During diastole, the coronary arterial inflow increases with a
transmural gradient that favors perfusion to the sub-
endocardial vessels [1]. The duration of the diastasis phase
in diastole is, for the most part, regulated by the heart rate
[2]; thus, the lower the heart rate, the longer the diastole, hence
the time of effective myocardial perfusion. In patients with
known coronary artery disease (CAD), an elevated heart rate
reduces the diastolic filling time, increasing the cardiac work-
load, resulting in a supply–demandmismatch with subsequent
ischemia and angina [3]; thus, heart rate represents a major
determinant of myocardial oxygen consumption, playing a
pivotal role in the pathophysiology of chronic CAD [4].

In mammalians, an elevated resting heart rate has been
associated with a shorter life span [5]. In the Framingham
Heart Study, individuals having higher heart rates had a pro-
gressive increase in the risk of all-cause mortality and cardio-
vascular mortality [6]. Also, it was seen that individuals with a
higher heart rate were at a higher long‐term risk for cardiovas-
cular events, particularly, heart failure and all‐cause death [6].
Increasing evidence has shown that an elevated heart rate is
associated with a greater risk of developing hypertension and
atherosclerosis, being a potent predictor of cardiovascular
morbidity and mortality [3, 4].

Mechanism of Action of Ivadrabine

Ivabradine represents an innovative agent which acts by re-
ducing the heart rate via a specific competitive inhibition of
the so called Bfunny^ (If) channels, a mechanism different
from that of β-blockers and calcium channel blockers, two
commonly prescribed anti-anginal drugs [7]. Ivabradine re-
duces the myocardial oxygen demand, preserving ventricular
contractility, simultaneously improving oxygen supply with-
out negative inotropic or lusitropic effects [8]. Thus, it does
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not decrease systemic blood pressure which is a common fea-
ture of most of the anti-anginal agents (e.g., β-blockers, cal-
cium channel blockers, and nitrates) except for ranolazine.

Heart rate is determined by the spontaneous electrical pace-
maker activity in the sinoatrial node by the If current. The
Bfunny^ (If) current channels, originally described in sinoatrial
node cardiomyocytes as an inward current activated on hyper-
polarization has properties appropriate for generating and
modulating spontaneous pacemaker activity. Because If is
controlled by intracellular cAMP and is thus activated and
inhibited by β-adrenergic and muscarinic M2 receptor stimu-
lation, respectively, it represents a basic physiological mech-
anism mediating autonomic regulation of heart rate [7, 8].

Ivabridine and Stable Coronary Artery Disease

The anti-anginal and anti-ischemic efficacy of ivabradine in
patients with stable CAD has been tested in clinical studies
comparing it either with placebo or with standard anti-anginal
agents.

In a placebo-controlled, randomized trial conducted in 360
patients with stable CAD, Borer et al. [9] showed that
ivabradine resulted in dose-dependent improvements in exer-
cise tolerance parameters. At 2 weeks, ivabradine 5 and 10mg
(twice daily dose) significantly improved the time to ST-
segment depression compared to placebo. Furthermore, in an
open-label extension (2 to 3 months) of this trial, ivabradine
reduced angina attacks from 4.14 to 0.95 times per week and
decreased consumption of short acting nitrates from 2.28 to
0.50 Units per week.

The INITIATIVE study, a randomized, double-blind trial
studied 939 patients comparing ivabradine directly with aten-
olol [10]. After 16 weeks of treatment in patients receiving
ivabradine 7.5 or 10 mg twice daily vs atenolol 100 mg daily,
both had similar improvements in total exercise duration at
trough, as well as the number of angina attacks per week.
The studay had an overall tendency to improve functional
capacity and prolong time to ST-segment depression when
compared to atenolol. Hence, it proved ivabradine to be non-
inferior after 4 months of therapy.

There has been also studies comparing ivabradine (7.5 and
10 mg twice daily) with amlodipine 10 mg once daily in a
large multicenter, l, randomized trial that included 1195 pa-
tients with stable CAD [11]. Ivabradine was non-inferior to
amlodipine in improving exercise tolerance, preventing angi-
na attacks and limiting nitrate use.

The ASSOCIATE trial evaluated the add-on ivabradine in
patients already receiving atenolol in 889 patients [12]. All
included patients had a positive history of symptom-limited
exercise while receiving atenolol 50 mg once daily. These
patients were randomized to receive either ivabradine 5 mg
twice daily for 2 months, and then increased to 7.5 mg for an

additional 2 months (449 patients). As an add-on therapy,
ivabradine significantly increased the long-term exercise ca-
pacity, and decreased symptomatic angina.

Signify Trial and the Insignificant Role of Ivabradine

The SIGNIFY (Study Assessing the Morbidity-Mortality
Benefits of the If Inhibitor Ivabradine in Patients with
Coronary Artery Disease) trial studied whether and to what
extent the pharmacological reduction of an elevated resting
heart rate could be associated with clinical benefits, by reduc-
ing cardiovascular events in patients with stable CAD [13••].

The SIGNIFY trial was a prospective, randomized, double-
blind, multicenter trial that included 19,102 patients with doc-
umented stable CAD without heart failure followed for an
average 28 months. The main objective of the trial was if the
add-on therapy of ivabradine on top of conventional anti-
anginal therapies was capable to reduce the primary composite
end-point of death from cardiovascular causes or non-fatal
myocardial infarction. Secondary end-point was defined as
the primary end-point plus all-cause mortality.

There was no significant difference between the ivabradine
group versus placebo group in the incidence of the primary
end-point (6.8 vs 6.4 %, respectively; P=0.20). However, in a
large subgroup of patients (>12000 patients) who had class II
or higher angina, ivabradine was associated with an increase
in the incidence of the primary end-point compared to placebo
(7.6 vs 6.5 %, P<0.02). Moreover, the incidence of symptom-
atic bradycardia, asymptomatic bradycardia, QT-interval pro-
longation, and phosphenes were significantly greater in the
ivabradine group versus placebo-treated group (P<0.001 for
all the above comparisons). There was also a trend towards
more heart failure admissions in the ivabradine group (2.3 %
vs 1.9 %;P=0.07).

Interestingly, the SIGNIFY trial reported higher incidences
of atrial fibrillation in the ivabradine group versus placebo
group (5.3 vs 3.8 %, P<0.001), corresponding to a 40 %
increase in relative risk and 1.5 % of new cases of atrial fibril-
lation. It is important to emphasize that the SIGNIFY trial was
considered a negative trial, by failing to demonstrate a signif-
icant reduction in cardiovascular events and cardiovascular-
related mortality. In subgroup analysis of patients that reached
a heart rate <60 beats/min, a J curve phenomenon of increased
cardiovascular mortality, worsening angina, and increased in-
cidence of atrial fibrillation was noted. When analyzed by
different subgroups such as baseline heart rate, previous myo-
cardial infarction, previous coronary revascularization, age,
gender, history of diabetes, history of β-blocker use, there
was no interaction between the use of ivabradine and
outcomes.

Table 1 summarizes the most significant randomized trials
of ivabradine in stable CAD.
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Discussion

Ivabradine represents a novel agent that decreases heart rate
by inhibition of the If current channels, a mechanism different
from that of β-blockers and calcium channel blockers.
Ivabradine is well known to improve cardiovascular outcomes
in patients with systolic heart failure (including ischemic car-
diomyopathy), as demonstrated in the BEAUTIFUL and
SHIFT trials [14•]. However, the addition of ivabradine to
standard background anti-anginal therapy failed to demon-
strate improvement in cardiovascular outcomes (e.g.,
cardiovascular-related death and/or non-fatal myocardial in-
farction). This raised a question of why do we benefit from
heart rate reduction in heart failure patients but not in patients
with stable CADwith normal left ventricular systolic function.

Ivabradine in lower doses contrary to the dose used in
signify is currently considered a second-line, class IIa anti-
anginal agent according to the latest 2013 European Society
of Cardiology guidelines for the management of stable CAD
[15], due to its efficacy for relieving symptoms related to
angina, reduction in the number of angina attacks per week
or month and improvement in quality of life. However, after
getting negative outcome in the SIGNIFY trial among patients

with stable CAD, the role of ivabradine is controversial in this
patient population.

One of the potential explanations of this difference in out-
comes between the stable CAD population in the SIGNIFY
trial and the heart failure population in the SHIFT trial may
reflect the fact that an elevated heart rate is due to the different
pathophysiological mechanisms involved in these two disease
entities. Perhaps the presence of neuro-hormonal activation in
heart failure patients favored its use in this population. Also
important to highlight is the fact that the dose used in the
SIGNIFY trial was higher than the dose used in the SHIFT
trial [16], 60 % of the patients in the shift trial received inad-
equateβ-blockade and that most of the benefit associated with
ivabradine was found in people who could not take or who
were taking lower doses of β-blockers [16]. This calls into
question for an optimal dose of ivabradine in combination
with a β-blocker among stable CAD patients.

It is important to note the lower cardiovascular risk among
the patient population at baseline in the SIGNIFY trial versus
the SHIFT trial (1.4 vs 8.0 %). As it is difficult to show net
mortality benefit in any trial among patients with low cardio-
vascular risk at baseline, perhaps one of the potential expla-
nation for the negative outcome in the SIGNIFY trial [17].

Table 1 Summary of relevant randomized clinical trials on ivabradine use in stable CAD

Trial No. of patients Type of study Main outcomes/end-points Results

Borer et al. [9] 360 2-week, randomized,
double-blind,
placebo-controlled;
multicenter

Changes in time to 1-mm
ST-segment depression
and time to limiting
angina during exercise.

Time to 1-mm ST-segment depression increased
in the 5 and 10 mg groups (P< 0.005); time to
limiting angina increased in the 10 mg group
(P< 0.05).

INITIATIVE [10] 939 4-month randomized,
double-blind,
active-controlled,
parallel-group;
multicenter

Change in total exercise
duration through exercise
tolerance test by 4
and 16 weeks.

Change in total exercise duration at trough:
+86.8 and 91.7 s with ivabradine 7.5 and
10 mg BID vs 78.8 s with atenolol 50–100 mg
daily (P< 0.001 for non-inferiority). Number
of angina attacks per week was decreased by
two thirds in both ivabradine and atenolol
groups.

Rusyllo et al. [11] 1195 3-month randomized,
double-blind, multicenter,
non-inferiority

Change in total exercise
duration during exercise
tolerance test by 3 months.

Change in total exercise duration at trough:
+27.6 and 21.7 s with ivabradine 7.5 and
10 mg BID vs +31.2 s with amlodipine 10 mg
(P< 0.001 for non-inferiority). Similar results
observed for time to angina onset and time
to >1 mm ST-segment depression.

ASSOCIATE [12] 889 4-month, randomized,
double-blind,
placebo-controlled
trial.

Evaluate change in total
exercise duration during
exercise tolerance test
and exercise capacity.

Higher total exercise duration in ivabradine vs
placebo (24.3 vs 7.7 s; P< 0.001). Ivabradine
improved time to limiting angina, angina
onset and time to >1 mm ST-segment
depression, all P< 0.05.

SIGNIFY [13••] 19,102 27.8 months, randomized,
double-blind,
placebo-controlled trial.

Composite death from
cardiovascular causes
or non-fatal myocardial
infarction.

Non-significant difference in the ivabradine
vs placebo groups in the incidence for the
primary end-point (6.8 vs 6.4 %; P= 0.20).
Ivabradine was associated with increased
incidence of primary end-point in the
subgroup of patients with activity-limiting
angina (P= 0.02 for interaction)
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A recent meta-analysis reported a significant increase
(15 %) risk of atrial fibrillation associated with ivabradine, a
finding similar to what was reported in signify trial. Although
atrial fibrillation is common arrhythmia in patients with CAD
and ischemic cardiomyopathy, this pro-arrythmogenic effect
of ivabradine should be kept in mind while prescribing this
agent [18].

Physicians should exercise caution among patients with
more severe forms of stable angina and to consider adjusting
β-blocker doses to effective levels before initiating
ivabradine.

In the SIGNIFY trial, improved quality of life was seen
with ivabradine at a heart rate of 60 to 70 beats/min; therefore,
further studies are warranted in order to explore this particular
subgroup of patients along with more conservative doses (e.g.,
5 to 7.5 mg) that may derive clinical benefit and reduction in
cardiovascular events from this agent.

After learning from the SIGNIFY and SHIFT trials, we
have concluded that lowering heart rate improves outcomes
in heart failure patients, positively affecting left ventricular
remodeling. However, heart rate lowering in stable CAD pa-
tients without heart failure does not improve mortality out-
comes as the mechanism of heart rate elevation could be dif-
ferent in this subgroup of patients. These findings deserve
further investigations, studies, and close analyses to highlight
the potential cardiovascular benefits of ivabradine.
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