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Ivabradine belongs to a new class of specific heart rate reducing agents thatAbstract
inhibit spontaneous pacemaker activity of the sinus node by selectively and
specifically inhibiting the If current; thus, allowing heart rate reduction without
affecting myocardial contractility, relaxation and peripheral vascular resistance.

In clinical studies involving >3500 patients and 800 healthy volunteers,
ivabradine demonstrated a good safety profile during its clinical development.
The most common adverse events were visual symptoms in 16.4% (n = 270) and
sinus bradycardia ≤55 beats per minute in 3.2% (n = 53) of all patients treated with
recommended doses of 5 mg and 7.5 mg twice daily. However, because the heart
rate reducing effect of ivabradine is proportional to the resting heart rate and is
associated with a clear trend to a plateau-dose effect, severe sinus bradycardia is
uncommon. Less than 1% of patients withdrew from therapy because of untoward
sinus bradycardia. The QT interval is prolonged in accordance with the reduction
in heart rate; however, after appropriate correction for heart rate and in direct
comparisons of the QT interval when the influence of the heart rate was controlled
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by atrial pacing, no significant effect of ivabradine on ventricular repolarization
duration was demonstrated. Consequently, ivabradine has no direct torsadogenic
potential. Because ivabradine also inhibits h-channels, which carry the Ih current
in the eye, it may cause luminous phenomena (phosphenes). Visual symptoms are
transient, do not interfere with quality of life and have led to few withdrawals
(<1%; 24 of 2545 patients); symptoms resolved during treatment in 77.5% (383 of
491) of patients. Since constitutionally active If and Ih currents are confined to the
sinus node, retina and CNS neurons (ivabradine does not cross blood-brain
barrier), ivabradine does not affect other tissues. The safety of ivabradine will be
further assessed by postmarketing surveillance and during on-going clinical trials.

A relatively novel group of drugs that reduce identified in MEDLINE and PubMed. The search
heart rate by selectively inhibiting spontaneous terms used were ‘ivabradine’, ‘If current’, ‘If current
pacemaker activity of the sinus node, without com- inhibitors’, ‘specific bradycardic agents’, ‘heart
promising myocardial contractility, cardiovascular rate’, and ‘HCN channels’. All papers selected were
haemodynamic status or other electrophysiological English-language, full-text papers. We also
properties of the heart (the so-called specific and searched the reference lists of identified articles for
selective sinus node If inhibitors), are likely to play a further relevant papers. Published abstracts from
significant role in the management of a wide range international scientific conferences were identified,
of cardiovascular disorders, including coronary ar- using the same search terms, in journal abstract
tery disease, congestive heart failure and atrial supplements, abstract CD-ROMs and professional
tachyarrhythmias.[1] Among this pharmaceutical en- society websites within the last 5 years.
tity, ivabradine is the most advanced drug and it is

1. If Inhibition and Sinus Bradycardiacurrently approved for clinical use in Europe.
Ivabradine has been extensively studied in patients

Ivabradine selectively inhibits the If current inwith coronary artery disease and has proven effec-
the sinus node by binding to the hyperpolarization-tive in the prevention of angina.[2]

activated, cyclic nucleotide-gated (HCN) channels
In this article, we explore the effects of If current

from the intracellular side of the membrane of pace-
inhibition on cardiac electrophysiology and func-

maker cells.[4] Inhibition of the If current is asso-
tion, and discuss potential safety considerations of

ciated with prolongation of spontaneous slow dias-
therapy with ivabradine. This review is based on the

tolic depolarization of the sinus node, which leads to
results of a formal retrospective safety analysis[3]

slowing of heart rate, the primary mechanism of
involving >3500 patients and 800 healthy volunteers

action for the antianginal effect of ivabradine.
in 36 countries from Europe, North and South

Ivabradine and its main active metabolite, S 18982,
America, Africa, Asia and Australia. The mean age

have high affinity to the HCN4 isoform of HCN
of patients was 60 years. Approximately 34% of the

channels, which is the main isoform in the heart. The
patients were ≥65 years; 17% were women; and

concentration of ivabradine that produces 50% inhi-
about 94% were Caucasian. All patients had a his-

bition (IC50) of the If current carried by HCN4
tory of coronary artery disease and 53% had pre-

channels is in the range 1.5–3 µmol/L.[5,6]

vious myocardial infarction.[3]

The review is supplemented by the results of a 1.1 Incidence of Bradycardia
literature search. The parameters for the literature
search were as follows. Original articles published A reduction in heart rate is an expected pharma-
between 1960 and September 2007, focusing on If cological effect of ivabradine. If inhibition and the
current inhibitors and specifically ivabradine, were resulting slowing of the sinus node discharge rate is

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (2)
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Fig. 1. Visual and cardiac adverse events associated with therapy with ivabradine.[3] AV = atrioventricular; bpm = beats per minute.

proportional to the resting heart rate.[3] In the safety 1.2 Heart Rate Dependency of the Rate
Lowering Effectand efficacy studies, a heart rate of ≤55 beats per

minute was reported in 3.2% (53 of 1651) of patients The If current is a key current defining the rate of
receiving therapeutic doses of ivabradine (i.e. 5 mg spontaneous slow diastolic depolarization of the si-

nus node. Nevertheless, computer simulation mod-or 7.5 mg twice daily), compared with 1.0% (3 of
els have demonstrated that complete blockade of the313) receiving placebo and 1.7% (7 of 404) and
If current would result in a maximum of 30–40%

5.1% (21 of 408) of patients treated with active reduction in the sinus node discharge rate.[7,8] In
comparators amlodipine and atenolol, respectively experiments and clinical studies, ivabradine exhibit-
(figure 1).[3] The incidence of sinus bradycardia <40 ed a plateau dose-response and use-dependent effect

on heart rate.[4,9] This is because the pacemakerbeats per minute was 0.5% with ivabradine 7.5 mg
potential is modulated by several (at least ten) iontwice daily and 1.7% with atenolol 100 mg daily; no
channel mechanisms, which are not affected by the

such cases were reported with ivbardine 5 mg twice drug.[7] Binding of ivabradine to HCN channels is
daily. The proportion of patients with heart rate <40

beats per minute was 0.3% in the whole population,

with the recommended doses.[3]

Only 0.2% of patients experienced clinically sig-

nificant symptomatic bradycardia compared with

0.4% in the atenolol group, and <1% of patients

withdrew from therapy (ivabradine only) because of

untoward bradycardia.[3] In patients with slow heart

rates (<45 beats per minute) on treatment, brady-

cardia-related symptoms such as hypotension and

dizziness were not different in patients treated with

ivabradine and patients treated with atenolol, where-

as syncope occurred only in the atenolol arm (table

I). Dyspnoea and fatigue occurred more commonly

with atenolol.[3]

Table I. Bradycardia-related symptoms in patients with slow heart
rate treated with atenolol and ivabradine[3]

Bradycardia-related Atenolol Ivabradine Ivabradine
symptomsa extension

Number of patients 32 164 67

Number of patient- 17 71 122
years

Mean lowest heart 41.3 ± 2.4 42.0 ± 2.0 42.3 ± 1.4
rate ± SD (bpm)

Heart rate range 35–44 35–44 39–44
(bpm)

Hypotension (%) 0.0 2.8 0.0

Dizziness (%) 6.5 5.7 0.8

Syncope (%) 6.6 0.0 1.6

Fatigue (%) 19.4 2.8 0.0

Dyspnoea (%) 19.4 1.4 0.8

a Rates per 100 patient-years of exposure; bradycardia is
defined as a heart rate of <45 bpm.

bpm = beats per minute.

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (2)
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restricted to open channel state and the drug-channel inhibitors, such as azole antifungals (ketoconazole
interaction is controlled by the balance between and itraconazole), antireretroviral drugs and macro-
open and close state.[5] lide antibacterials (clarithromycin, erythromicin,

josamycin and telethromycin) is strictly contraindi-Retrospective analysis in >1300 patients, who
cated because these agents may increase plasmareceived various doses of ivabradine, has shown that
concentration and potentiate the heart rate-loweringthe magnitude of the heart rate lowering effect of
effect of ivabradine. The association of ivabradineivabradine after 3–4 months of treatment appears to
with moderate CYP3A4 inhibitors such as non-di-be the highest in patients with sinus tachycardia at
hydropyridine calcium channel antagonists (dil-baseline and the least in those with the lowest base-
tiazem and verapamil) is not recommended. Ivabra-line heart rate.[10] This is consistent with the known
dine does not inhibit the CYP3A4 enzyme systemeffect of HCN channel function modulation by the
and co-administration of agents that depend onautonomic nervous system and accounts for a rela-
CYP3A4 metabolism does not increase plasma con-tively low incidence of profound bradycardia.
centrations of these compounds (figure 2).[3]

1.3 Cautions to Avoid Bradycardia
2. Effects on Heart Rate Variability

Treatment with ivabradine should not be initiated
when baseline resting heart rate of the patient is <60 The effects of ivabradine on heart rate variability
beats per minute to minimize the risk of inappropri- were studied in the subset of 370 patients who
ately low heart rates during therapy. The dose of underwent 24-hour Holter ECG recordings at base-
ivabradine should be reduced if the heart rate slows line and after 3 months of therapy as part of a larger,
to <50 beats per minute or when a symptomatic prospective, randomized, double-blind, multicentre
sinus bradycardia occurs. As ivabradine is metabo- trial that included 1195 patients with coronary artery
lized through cytochrome P450 enzyme (CYP) 3A4, disease and stable angina.[11] Therapy with
the concomitant use of potent CYP3A4 enzyme ivabradine was associated with a significant im-
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Fig. 2. Ratios of area under the plasma concentration-time curve (AUC) of ivabradine or its metabolite S 18982 in the presence of
cytochrome P450 enzyme 3A4 inhibitors, substrates or inducers.[3]
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effect on the atrioventricular node, His-Purkinje sys-
tem, and atrial and ventricular refractoriness (figure
3).[14] Ivabradine was associated with an increase in
corrected sinus node recovery time by 90–120 ms at
30 minutes and 1 hour after drug administration.[14]

This effect is a consequence of a slower rate of
depolarization in the sinoatrial region resulting from
inhibition of the If current.

A non-significant trend towards an increase in
sinoatrial conduction time was observed with
ivabradine.[14] This interval includes time for con-
duction of the paced atrial beat through the peri-
nodal tissue into the sinus node, resetting of the
sinus node and conduction of the spontaneous im-
pulse that follows through the perinodal tissue into
the atrium. In the presence of ivabradine, the If
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Fig. 3. Electrophysiological effects of a single intravenous bolus of
ivabradine 2 mg/kg in electrophysiological studies at 30 minutes
and 1 hour after infusion.[14] AERP = atrial effective refractory
period; cSNRT = corrected sinus node recovery time; IACT = intra-
atrial conduction time; SACT = sinoatrial conduction time; VERP =
ventricular effective refractory period. 

current, an important contributor to cell spontaneous
diastolic depolarization in the sinus node, is re-provement in both time-domain and frequency-do-
duced; therefore, the time taken for pacemaker cellsmain parameters of heart rate variability, partic-
to reach the depolarization threshold to initiate theularly those reflecting parasympathetic activity,
action potential and activate the adjacent cells iscompared with amlodipine.[12]

increased. Consequently, conduction time throughSympathovagal balance measured by the ratio of
the sinus node and adjacent myocardium is delayed.low-to-high frequency powers improved with both

drugs, but this improvement was statistically signif- There is experimental evidence suggesting that
icant only for ivabradine.[12] The observation that inhibition of the If current and the subsequent reduc-
high frequency power increased after 3 months of tion of heart rate by ivabradine may stimulate ionic
therapy with ivabradine and did not change on remodelling in sinoatrial cells in mice, including
amlodipine, in spite of similar anti-anginal and anti- upregulation of (i) genes encoding HCN2 and
ischaemic effects, suggests that ivabradine may act HCN4 channels, which carry the If current; (ii)
to increase parasympathetic tone. It is unclear Kir2.1 channels, which regulate the inward rectifier
whether this increase is purely the result of heart rate potassium current; and (iii) type 2 ryanodine Ryr2
lowering action of ivabradine or is an additional channels.[15] In addition, ivabradine downregulates
benefit of If inhibition. the Cav3.1 channel responsible for T-type inward

calcium current (ICa,T).[15] Ivabradine increased the
3. Effects of Ivabradine on expression of HCN2 and HCN4 genes by 24% and
Cardiac Electrophysiology 52%, respectively.[15] These effects were confined to

sinoatrial cells and were not observed in the ventri-
cles. The physiological significance of these find-3.1 Acute Electrophysiological Studies
ings has yet to be explored. Upregulation of HCN
channels may occur as an adaptation mechanism inThe effects of a single intravenous bolus of
response to inhibition of the If current by ivabradine.ivabradine (0.2 mg/kg over 15 seconds) were as-
It may have a potential clinical implication in thesessed in 36 patients with normal or near-normal
loss of efficacy of If inhibitors or to a significantbaseline electrophysiological parameters during
increase in heart rate after discontinuation of theelectrophysiological studies.[13] Ivabradine signifi-

cantly reduced heart rate, but produced little or no drug. However, clinical studies showed no rebound

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (2)
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above the commonly accepted 30-fold safety mar-
gin.[1] In guinea pig papillary muscles, no prolonga-
tion of action potential duration was observed at
concentrations up to 10 µmol/L[18] (figure 4). In
conscious dogs, long-term (up to 1 year) exposure to
oral ivabradine at doses sufficient to produce Cmax
values 134-fold and 100-fold the Cmax achieved by a
human regimen of 7.5 mg and 10 mg twice daily,
respectively, did not affect the QTc interval.[3]

In clinical studies of ivabradine, the uncorrected

Table II. Percentage of inhibition of sinus node ion currents by
ivabradine in rabbit sinoatrial cells using the patch-clamp technique
(reproduced from DiFrancesco and Camm,[1] with permission)

Ion Concentration of ivabradine (µmol/L) [mean ± SE]

current 0.03 0.3 1 3 10

If 5.5 ± 1.0 19.5 ± 2.2 32 ± 3 59 ± 2 80 ± 2

ICa,T 0 0 0 0 0

ICa,L 0 0 0 0 18 ± 1

IK 0 0 0 0 16 ± 1

ICa,L = long-lasting calcium current; ICa,T = transient calcium
current; If = current carried by hyperpolarization-activated, cyclic
nucleotide-gated cation channels; IK = potassium current.

QT interval was prolonged by 18–30 ms in accor-
dance with the reduction in heart rate and in a dose-effect after abrupt termination of treatment with
dependent fashion.[11,16] The incidence of drug-in-high doses of ivabradine.[16]

duced QT interval prolongation ≥500 ms or ≥60 msAcute intravenous studies[13,14] and the NESI
from baseline, was reported in the range of(Non-invasive Electrophysiological Study of
0.2–1.6% for ivabradine 5–10 mg twice daily com-Ivabradine) trial, in 27 patients fitted with the tele-
pared with 0% for atenolol 100 mg once daily (tablemetric programmed stimulation facility in whom
III). After appropriate correction for heart rate usingivabradine was administered orally for 3.5 days,[17]

a population-specific rate correction formula,[19] andemonstrated no clinically significant effect of the
increase in the QT interval with ivabradine did notdrug on the ventricular effective refractory period.
exceed 2 ms, which was below the limit of 5 ms forConsistent with these observations, in the overall
torsadogenicity established by the consensus of thepatient population exposed to ivabradine,[3] the inci-
International Conference on Harmonisation on thedence of heart block, QRS widening or bundle
Clinical Evaluation of QT/QTc Interval Prolonga-branch block was low and comparable with placebo
tion and Proarrhythmic Potential for Non-Antiar-and was likely to reflect naturally occurring events
rhythmic Drugs.[20]

in a large patient population with coronary artery
disease and previous myocardial infarction. In the NESI study of 27 patients with permanent

pacemakers, direct comparisons of the uncorrected
3.2 If Inhibition and QT interval when heart rate was controlled by atrial
Ventricular Repolarization pacing at a series of identical rates showed that

ivabradine 5 mg or 10 mg twice daily had no directAt the mean total plasma concentration (Cmax) of
effect on ventricular repolarization duration.[17]

approximately 0.1 µmol/L associated with a dose of
Therefore, the torsadogenic potential of ivabradine10 mg twice daily, i.e. at a dose higher than that

recommended in humans, ivabradine is highly selec-
tive for the If current, with no effect on L- and T-
type calcium currents and the delayed rectifier po-
tassium current IK (table II).[6] In vitro, ivabradine
inhibits the human ether-a-go-go related gene
(hERG) potassium channel that carries the rapid
delayed rectifier current (IKr), with an IC50 of
4.9 µmol/L, which is approximately 70-fold higher
than mean total plasma concentration Cmax in pa-
tients treated with 7.5 mg of ivabradine twice daily
and 240-fold higher when considering the unbound
plasma fraction (approximately 30%), which is well

100 ms

0.1 µmol/L 0.3 µmol/L 1 µmol/L 3 µmol/L 10 µmol/L 

0

–40
mV

Fig. 4. Ivabradine at doses 0.1–10 µmol/L did not prolong action
potential duration in guinea pig papillary muscles after a 30-minute
exposure. Representative recordings of action potentials showing
maximal effects of ivabradine (arrows) superimposed on respective
action potential recordings at baseline. The preparations were driv-
en at 1 Hz (reprinted by permission from Macmillan Publishers Ltd:
Br J Pharmacol. Thollon et al.,[18] 1994©). 
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appears to be low and other than for QT prolonga-
tion directly consequent on bradycardia, ivabradine
does not appear to have any direct proarrhythmic
effect.

However, the potential importance of a pro-
longed uncorrected QT value is not clear and may
give rise to arrhythmia in patients at high risk of
drug-induced torsades de pointes, e.g. patients with
congenital long QT syndrome or individuals with
acquired long QT syndrome due to other QT-pro-
longing drugs.

4. Cardiac Arrhythmias

4.1 Ventricular Arrhythmias

Bradycardia per se is a risk factor for ventricular
tachyarrhythmias, particularly torsade de pointes,
because of QT lengthening due to the reverse use-
dependency of several ion channels that are respon-
sible for ventricular repolarization. Treatment with
ivabradine, even when significant bradycardia oc-
curred, was not associated with an excess of ventric-
ular proarrhythmias.[3] The incidence of ventricular
premature beats recorded on the 12-lead ECG and
during 24-hour ambulatory Holter monitoring or
noted during an exercise stress test did not differ in
patients receiving ivabradine, amlodipine, atenolol
or placebo (2.8%, 2.7%, 1.2% and 1.3%, respective-
ly).[3] There were 11 documented cases of ventricu-
lar tachycardia (sustained and non-sustained) in
nearly 3000 patients treated with ivabradine; the
overall incidence of ventricular tachycardia that oc-
curred in association with ivabradine and atenolol
was 0.38% and 0.2%, respectively. Patients with
risk factors for drug-induced ventricular proar-
rhythmias, that is female gender, elderly age, left
ventricular hypertrophy, congestive heart failure and
hypokalaemia, did not appear to experience more
ventricular arrhythmias with ivabradine than with
amlodipine or atenolol.

4.2 If Current and Arrhythmias in
Failing Hearts

HCN channels are present in the His-Purkinje
system and ventricular myocardium, but the If cur-

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (2)
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rent activates at more negative potentials in Purkinje exhibited spontaneous diastolic depolarization.[25,28]

cells and ventricles than in the sinus node (approxi- Pharmacological interventions, such as stimulation
mately –85 mV and –120 mV vs –50 mV, respec- of adenosine and muscarinic receptors and adminis-
tively).[5] Because the If current contributes to the tration of class IC antiarrhythmic agent propafe-
spontaneous diastolic depolarization phase in none, inhibited activity of the If current.[29]

Purkinje cells, If inhibition may theoretically sup- Ivabradine has recently been shown to inhibit the If
press subsidiary pacemaker activity. However, current in isolated human atrial myocytes.[30] How-
ivabradine is more selective to the HCN4 isoform ever, activation of the If current in atrial myocytes
than the HCN2 isoform,[7] which is specific for the was observed at more negative potentials than in
sinus node, whereas the expression of the HCN4 is pacemaker cells within the sinus node and its contri-
low in Purkinje fibres and ventricles. Conversely, in bution to arrhythmogenesis has yet to be investigat-
failing hearts, the density of HCN channels and the ed.[28]

If current are increased as part of complex ionic Ivabradine has been shown to produce a concen-
remodelling, which may have important potential tration-dependent block of human cloned hKv1.5
implications regarding ventricular arrhythmogene- channels, which are responsible for the ultrarapid
sis, particularly related to enhanced automatici- delayed rectifier current (IKur) recorded in human
ty.[21-23] Changes in autonomic regulation with a atrial myocytes.[31] This block was also voltage-
shift towards a higher sympathetic tone associated dependent and increased steeply between –30 mV
with end-stage heart failure may also influence the If and 0 mV, which corresponded to the voltage range
current expression in ventricular myocardium. Con- for IKur channel opening. It is an interesting finding
sequently, inhibition of the If current in these cir- since blockade of the IKur current, which is restrict-
cumstances may have an antiarrhythmic effect or ed to the atrial myocardium, is a novel concept of
might suppress idioventricular rhythms. antiarrhythmic drug therapy for atrial fibrillation.

In clinical electrophysiological studies, ivabra-
dine did not affect intra-atrial conduction time or4.3 Effects on the Atrial Myocardium
atrial refractoriness.[13,14] In efficacy and safety stud-

There is evidence that the If current may play a ies, the incidence of atrial fibrillation was similar
role in causing abnormal diastolic depolarization of with amlodipine, atenolol and ivabradine (1.2%,
atrial myocardium and contributes to ectopic atrial 0.9% and 1%, respectively).[3] Ivabradine has no
automaticity, particularly during β-adrenoceptor or blocking effect on the atrioventricular node and is
serotonin stimulations.[24,25] Recent experiments in a ineffective at reducing heart rate in patients with
canine congestive heart model have demonstrated permanent atrial fibrillation. Because the functional
differences in the expression of HCN subunits in the status of HCN channels in fibrillating atria and the
normal and remodelled sinoatrial node and right effects of If current inhibitors are yet to be further
atrium.[26] Heart failure is associated with down- explored, ivabradine should probably be avoided in
regulation of the HCN4 subunit in the sinus node, such patients as well as in patients with frequent
which may contribute to sinus node dysfunction. episodes of paroxysmal atrial fibrillation.
Conversely, the amount of the HCN4 subunit was
increased in the right atrium, which may predispose 5. If Inhibition and Left
to ectopic impulse formation. The expression of Ventricular Function
messenger RNA (mRNA) of the HCN channels in
the free wall of human atria and atrial appendages is Experimental studies using a chronic heart failure
upregulated in the presence of atrial fibrillation and model in rats have demonstrated that ivabradine
the increased left atrial filling pressure.[27] The exis- effectively reduced heart rate, increased stroke vol-
tence of the If current was demonstrated in human ume, decreased left ventricular systolic diameter and
atrial myocytes isolated from dilated atria, which improved myocardial function, probably due to its
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ability to shift the ventricular systolic pressure-vol- also a trend towards an increase in cardiac index.
These findings have been reproduced in a double-ume curve leftwards and reduce collagen accumula-
blind, placebo-controlled trial of 65 patients withtion.[32,33] Ivabradine does not affect vascular relaxa-
coronary artery disease, NYHA class II and a meantion and has been shown to produce an antihyper-
left ventricular ejection fraction of 40%, which hastrophic effect on the aorta in rats with spontaneous
shown that therapy with ivabradine resulted in thehypertension.[34] In a canine model of exercise-in-
reduction in left ventricular volumes at 3 monthsduced myocardial stunning, pre-treatment with
compared with placebo (figure 5).[38] The effect wasivabradine consistently accelerated the recovery of
more apparent in patients with significantly im-stunned myocardium by 50% compared with ate-
paired systolic function and those with an ejectionnolol.[35] This trend was distinguished more clearly
fraction <35%.when agents were administered after the induction

of stunning.
5.1 Large Randomized Studies

In the clinical setting, ivabradine did not affect
global myocardial contractility or increase the inci- However, the consistency of this effect in the
dence of new onset heart failure in patients with long term is unknown. Two large-scale randomized
preserved left ventricular systolic function (0.3% vs studies in patients with left ventricular dysfunction
0.5% with atenolol or amlodipine); however, there is are under way. The BEAUTIFUL (morBidity-mor-
insufficient clinical experience in patients with ven- tality EvAlUaTion of the IF inhibitor ivabradine in
tricular dysfunction.[36] Intravenous administration patients with coronary artery disease and left ven-
of ivabradine 0.25 mg/kg in the heterogeneous pa- tricULar dysfunction) trial is designed to investigate
tient population with regional and global left ven- whether ivabradine may prevent death and major
tricular dysfunction had no effect on left ventricular cardiovascular events in >10 000 patients with ejec-
ejection fraction, fractional shortening and stroke tion fraction of <40% and left ventricular dilation
volume.[36] Conversely, in patients with severely (short axis diameter >56 mm).[39] Patients have been
depressed systolic function (mean ejection fraction randomized to ivabradine, starting at 5 mg twice
20%) and class III New York Heart Association daily and up-titrated to 7.5 mg twice daily if resting
(NYHA) heart failure, the reduction in heart rate heart rate does not fall below 60 beats per minute, or
following intravenous administration of ivabradine placebo. The study has 90% power to detect a 19%
was associated with a significant increase in stroke relative reduction in the risk of the primary compos-
volume and left ventricular work by a maximum of ite endpoint of cardiovascular death, hospitalization
50% and 48%, respectively, at 4 hours.[37] There was for acute myocardial infarction and hospitalization
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with coronary artery disease and left ventricular ejection fraction (LVEF) >30% and <45%.[38]
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ocular structures or permanent visual distur-
bances.[3]

The effect of ivabradine on retinal function was
assessed by electroretinography in a subset of 426
patients, many of whom also had a concomitant
condition that carried a risk of ophthalmic complica-
tions, including hypertension (60%), diabetes mel-
litus (16%) and/or a history of ophthalmic disease
(20–30%), mainly cataract, dyschromatopsia and
glaucoma.[3] Ivabradine caused a bilateral decrease
in b-wave amplitude in a similar proportion of pa-
tients to atenolol, whereas bilateral reversible in-
crease in latency was seen with ivabradine (5.4%);
these changes are mild and reversible and are not
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Fig. 6. Comparison of the effects of ivabradine and atenolol on the
electroretinograms (ERG) in 426 patients.[3]

likely to be of potential clinical concern (figure 6).
Furthermore, none of the patients showed retinal

for new onset or worsening heart failure, assuming degeneration or other permanent alteration of retinal
an event incidence of 11% at 2.25 years in the function or morphology that could not be explained
placebo group and an incidence of non-cardio- by an underlying condition. Long-term follow-up
vascular death of 1% in both groups. The recruit- does not give rise to any concern either. In the
ment has been completed and the results are expec- majority of patients, the ophthalmic changes im-
ted in September 2008 after the completion of proved or resolved at subsequent investigations.
1-year follow-up of the last recruited patient. Ih  channel blockade by ivabradine result in lumi-

The SHIFT (Systolic Heart failure treatment with nous phenomena (phosphenes) in approximately
IF inhibitor ivabradine Trial) study will randomize 15% of patients receiving therapeutic doses of
approximately 5500 patients with overt moderate to ivabradine (figure 7).[3] These effects are often trig-
severe heart failure and ejection fraction <35% gered by changes in luminosity from dark to light.
(about two-thirds will be patients with ischaemic Generally, visual symptoms associated with ivabra-
cardiomyopathy). dine are transient, do not interfere with quality of

life and have led to few withdrawals (<1%) with
6. Inhibition of complete recovery after discontinuation of the drug.
Hyperpolarization-Activated, Cyclic Visual acuity, colour vision and visual fields were
Nucleotide-Gated (HCN) Channels in unaffected and visual symptoms do not affect driv-
Other Organs ing. Ivabradine inhibition of the Ih current did not

affect driving performance assessed using a driving
simulator in 75 subjects exposed to high doses of

6.1 Inhibition of HCN Channels in the Eye ivabradine (10–15 mg twice daily) compared with
15 subjects exposed to placebo.[3]

HCN channels, formed predominantly by HCN1
and HCN2 isoforms, are also responsible for the Ih 6.2 Inhibition of HCN Channels in the CNS
current in the retina that is involved in the response
to light stimuli. In experiments, inhibition of the Ih HCN channels are present in numerous cell types
current caused dose-dependent changes of the elec- in the CNS, including neurons in the hippocampus,
troretinogram, mainly in the cone system responses amygdala, thalamus and hypothalamus, substantia
of the retina.[40,41] Extensive testing showed that nigra, inferior olive, dorsal raphe and cerebellum.[42]

ivabradine was not associated with any alteration of In cortical pyramidal neurons, presynaptic terminals

© 2008 Adis Data Information BV. All rights reserved. Drug Safety 2008; 31 (2)



If Inhibition with Ivabradine 105

(table IV).[3] Two patients who died in the ivabra-
dine group were also receiving amlodipine, as were
both patients who died in the placebo group. Most
deaths were cardiovascular related and 16 were sud-
den. Overall, all-cause mortality with ivabradine did
not differ from predicted for patient populations
with stable coronary artery disease (2–3% per year).
Although atenolol was associated with lower all-
cause mortality, this trend was not statistically sig-
nificant. In addition, the design of the studies might
lead to bias in terms of comparison of the safety of
ivabradine and atenolol, because about two-thirds of
the patients had previously received β-adrenoceptor
antagonists (β-blockers) and were known to tolerate
these drugs, and patients with known intolerance or
contraindications to atenolol were specifically ex-
cluded.

Ivabradine Amlodipine

Atenolol Placebo

Phosphene-like symptoms
Blurred vision
Other

Fig. 7. Type and distribution of visual symptoms reported as ad-
verse events.[3] 8. Conclusions

of cerebellar basket cells and basal ganglia, the Ih
Ivabradine is the only clinically used selectivecurrent contributes greatly to intrinsic cellular

inhibitor of the If current, which has proven to beproperties and synchronized neuronal activity. Sub-
effective for prevention of angina pectoris in pa-stantial inhibition of the Ih current in the CNS and
tients with stable coronary artery disease. The gen-associated symptoms were one of the reasons for the
eral safety of ivabradine with regard to the incidencewithdrawal of some first-generation specific brady-
of adverse events is in line with what was observedcardia agents, such as alinidine, falipamil and
in the other treatment groups. No further adverseZD-7288, from further development.[43] In contrast,
events (other than visual disturbances and sinusivabradine does not cross the blood-brain barrier and
bradycardia) were identified as related to ivabra-therefore does not cause central nervous symp-
dine, and there was no evidence of excess in mor-toms.[13]

tality with ivabradine. There are several on-going
studies, including the large randomized BEAUTI-

7. If Inhibition and Prognosis FUL trial of the effects of ivabradine on cardio-
vascular morbidity and mortality in patients with left
ventricular dysfunction and coronary artery disease,All-cause mortality rates per 100 patient-years
and the SHIFT study in patients with overt heartwere similar in the ivabradine, placebo and
failure.amlodipine groups, and lowest in the atenolol group

Table IV. Deaths per patient-years of treatment in the ivabradine, amlodipine, atenolol and placebo groups[3]

Drug Number of patients Patient-years Deaths per 100 patient-years (%) 95% CI

Ivabradine 2907 1107.2 2.44 1.61, 3.55

Atenolol 435 210.9 0.50 0.02, 2.76

Amlodipine 404 95.9 2.09 0.25, 7.54

Placebo 313 65.2 3.07 0.37, 11.09
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