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The presence of limiting angina can have a profound impact on the quality of life of
patients with stable CAD, and may affect prognosis. Limiting angina symptoms are inde-
pendently predictive of adverse outcomes. The aims of treating angina are to minimize
or abolish symptoms and/or ischemia and to improve prognosis. Elevated HR plays an
important role in the development and progression of coronary atherosclerosis, trigger-
ing ischemic events through an increase in myocardial oxygen demand and a reduction
in diastolic perfusion. Reducing the HR can reduce the symptoms as well as improve the
prognosis as shown in Beautiful trial. Ivabradine, a specific inhibitor of the If current in
the sinoatrial node, resulting in heart rate reduction, is currently indicated for the
treatment of chronic stable angina in CAD patients with a contraindication or intoler-
ance to beta-blockers or in combination with beta-blockers in patients inadequately
controlled and whose HR is above 60 bpm. In patients with a contraindication to beta
blockers, ivabradine remains a preferred option as it has a well-documented anti-
ischemic and antianginal efficacy through HR slowing at least comparable to that of
beta-blockers, along with an excellent safety and tolerability. Therefore, ivabradine
represents an important addition to the current options of different anti-ischemic
agents that are available, with an impact in symptom relief as well as patient outcome.

KEYWORDS
Coronary artery disease;

Ischemic heart disease;

Ivabradine;

Heart rate reduction

Despite therapeutic advances, cardiovascular diseases
remain a major cause of morbidity and mortality in
Western countries, and constitute a leading public
health problem and a considerable economic burden in
Europe.1

Coronary artery disease (CAD) is a chronic progressive
disease that may remain clinically stable but can also
rapidly progress to acute coronary syndromes or sudden
death precipitated by plaque rupture or erosion. Angina
pectoris is the presenting symptom of CAD in 50% of
cases.2 Epidemiological data show that in the general
population the prevalence of stable angina ranges
between 20 000 and 40 000 per 1 million people3 and
sharply increases with age.4 The presence of limiting
angina can have a profound impact on the quality of
life of patients with stable CAD and may affect prognosis.

The increased risk of mortality in patients with limiting
angina appears to be comparable to a decade of age
difference, the presence of diabetes, or the presence
of heart failure.5

Limiting angina symptoms have been found to be inde-
pendently predictive of adverse outcomes, with a sub-
stantial increase in risk for every change in the
Canadian Cardiovascular Society (CCS) classification.6

Thus, the aim of treating angina is two-fold: to minimize
or abolish symptoms and/or ischaemia and to improve
the prognosis.3

Pivotal role of heart rate reduction in the
treatment of CAD

Heart rate (HR) is one of the principal determinants of
myocardial oxygen consumption, and elevated HR is a* Corresponding author. Email: fpinto@icvl.pt
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state where the myocardial oxygen demand is increased.
Elevated HR shortens the length of each cardiac cycle,
thereby reducing diastolic perfusion time and oxygen
supply. Elevated HR also appears to have an impact on
the development of atherosclerosis via an increase in
the exposure of endothelium to low shear stress at
higher HR.7 Also, increase of HR may increase the risk
of acute coronary syndromes because of excessive mech-
anical stress on the atherosclerotic plaque.8 Therefore,
elevated HR potentially plays an important role in the
development and progression of coronary atherosclero-
sis, triggering ischaemic events through an increase in
myocardial oxygen demand and a reduction in diastolic
perfusion. Thus, exclusively reducing the HR could
reduce the symptoms as well as improve the prognosis,
thereby meeting both the objectives of treating angina
patients.

Treating CAD by specific HR reduction

Ivabradine is a novel, specific HR-lowering agent which
acts in the sinoatrial node cells by selectively and specifi-
cally inhibiting the pacemaker If current in a dose-
dependent manner.9 It reduces HR while preserving the
force of contraction, cardiac conduction, and blood
pressure. This specific HR reduction with ivabradine
leads to antianginal and anti-ischaemic efficacy and
improvement of prognosis.

The first large-scale study of ivabradine was an inter-
national, multicentre, double-blind trial in which 360
patients with a history of chronic stable angina were ran-
domized to placebo or ivabradine. Ivabradine dose
dependently reduced HR and this was associated with a
significant increase in the time to 1-mm ST-segment
depression and the time to limiting angina.10

These encouraging results compared with placebo
supported the rationale of testing ivabradine vs. other
antianginal anti-ischaemic drugs, particularly beta block-
ers. The INternatIonal TrIal of the AnTianginal effects of
IVabradinE compared with atenolol compared the anti-
ischaemic and antianginal efficacy of ivabradine 7.5 mg
and atenolol 100 mg od in 939 stable angina pectoris
patients.11 After 4 months of treatment, the decrease
in HR at rest was similar to atenolol 100 mg od
(15.6 b.p.m.) and ivabradine 7.5 mg bid (14.3 b.p.m.),
whereas the improvement in exercise duration was
greater with ivabradine 7.5 mg bid. This highlights that
ivabradine probably has other effects, for example, pres-
ervation of coronary artery dilatation during exercise and
greater duration of diastole, which contribute to the
greater HR efficiency. Thus for the same HR reduction,
the increase in exercise duration with ivabradine
7.5 mg bid is twice than that with atenolol 100 mg od.11

The anti-ischaemic efficacy of ivabradine in combi-
nation with beta-blocker therapy was investigated in a
4-month study of 889 stable angina patients already
receiving atenolol 50 mg/day.12 Patients were randomly
assigned to treatment with ivabradine 5 mg bid upti-
trated to 7.5 mg bid after 2 months (n ¼ 449), or to
placebo (n ¼ 440) in addition to the beta blocker. In the

ivabradine group, 90% of patients were uptitrated to
7.5 mg bid. The baseline resting HR in these patients
was 67 b.p.m. Ivabradine reduced the baseline HR by
9 b.p.m. at the end of the study and this reduction was
associated with a statistically significant improvement
in all exercise test parameters when recorded at trough
of activity at the end of 4 months.

Thus, exclusive HR reduction with ivabradine provides
antianginal and anti-ischaemic efficacy in monotherapy
and in patients already receiving other antianginal
drugs such as beta blockers.

The antianginal and anti-ischaemic efficacy of ivabra-
dine was studied in 29 patients with stable angina and
moderate left ventricular systolic dysfunction already
being treated with bisoprolol 5 mg od.13 This pilot study
evaluated the addition of ivabradine 5 mg to bisoprolol
vs. uptitration of bisoprolol to 10 mg od, in patients
with stable angina. The addition of ivabradine resulted
in an improvement in exercise capacity, as shown by
the results of the 6-min walking distance and exercise
tolerance tests, whereas in the bisoprolol group there
was no significant improvement in the results of either
test.

These findings in controlled studies have been confirmed
in a broad patient population in everyday clinical practice.
In the REDUCTION study,14 4954 patients with stable angina
pectoris received ivabradine in everyday routine practice
and underwent follow-up for 4 months. In this population
of patients with symptomatic CAD, ivabradine reduced
the HR and was highly effective: angina pectoris attacks
were significantly reduced as was the consumption of
short-acting nitrates (P , 0.0001). Ivabradine was well
tolerated.

Improving prognosis in angina patients with
ivabradine

The prognostic benefits of ivabradine were first
assessed in the morBidity-mortality EvAlUaTion of the
If inhibitor ivabradine in patients with coronary
disease and left ventricULar dysfunction (BEAUTIFUL)
study.15 BEAUTIFUL was a randomized, double-blind,
parallel-group trial carried out in 781 centres in 33
countries, which included 10 917 patients ≥55 years
of age (or ≥18 years if diabetic) with documented
stable CAD and left ventricular ejection fraction ,40%
and left ventricular (LV) end-diastolic diameter
.56 mm. Patients were randomized to either ivabra-
dine or matching placebo on top of optimal preventive
therapy and were followed up for 19 months. The prin-
cipal results of the BEAUTIFUL trial provided answers to
some very important questions in CAD patients. The
BEAUTIFUL study established resting HR ≥70 b.p.m. as
a risk factor for cardiovascular outcomes in patients
with stable CAD and LV systolic dysfunction.16 Although
there was no measurable effect of treatment in the
overall population, the BEAUTIFUL trial demonstrated
that in patients with elevated HR (≥70 bpm), ivabra-
dine reduces the risk of fatal and nonfatal myocardial
infarction by 36% (P ¼ 0.001) and coronary revasculari-
zation by 30% (P ¼ 0.016). A post hoc analysis17 was
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done in 1507 (13.8%) patients who had limiting angina
at baseline to evaluate the prognostic benefits of ivab-
radine. A total of 734 patients were randomized to
ivabradine and 773 to placebo, and none were lost to
follow-up. Angina was defined according to the NYHA
classification. Patients were questioned at the inclusion
visit regarding the presence of symptoms limiting
activity, and patients in whom the limitation was
related to anginal pain were included in this analysis.
The reduction in the primary end point of the study
(cardiovascular death, myocardial infarction, or hospi-
talization for heart failure) was 24% in the whole
group of patients with limiting angina and 31% in the
group with baseline heart rate ≥70 bpm.

Place of ivabradine in the management of stable
angina

Ivabradine is currently indicated for the treatment of
chronic stable angina in CAD patients with a contraindi-
cation or intolerance to beta blockers or in combination
with beta blockers in patients b.p.m. inadequately con-
trolled and whose HR is .60 b.p.m.. In patients with a
contraindication to beta blockers, ivabradine remains a
preferred option as it has a well-documented anti-
ischaemic and antianginal efficacy through HR slowing

at least comparable to that of beta blockers, along
with an excellent safety and tolerability profile.11 More-
over, in routine clinical practice, stable angina may not
be controlled with one drug alone. Though combination
therapy is recommended to improve symptomatic man-
agement, most clinical studies have demonstrated only
modest improvement in exercise tolerance test par-
ameters compared with monotherapy at the peak of
drug activity, with no significant differences 6 h after
drug intake.18 These findings and the results of the
ASSOCIATE study, 12 which demonstrate the antianginal
and anti-ischaemic efficacy of ivabradine in combination
with beta blockers, even at the trough of drug activity,
suggest that ivabradine should preferentially be used
in combination with beta blockers (Figure 1). Thus in
clinical practice ivabradine could be used for angina
patients with contraindications to beta blockers or in
angina patients in combination with beta blockers if
the patients remain symptomatic or have a heart rate
.60 b.p.m.

Implementation of clinical trial results with
ivabradine in clinical practice

I have used ivabradine in various clinical situations for
patients with CAD: patients who could not be

Figure 1 Symptomatic algorithm to show how heart rate control can lead to symptom control. In guidelines from Fox K, Arden C, Begg A et al. Consensus
Guideline for the Management of Symptomatic Stable Angina in Primary Care. Berkhamsted: MGP Ldt; 2010.
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revascularized for one reason or another and patients
who remain symptomatic or have a positive exercise tol-
erance test after successful revascularization. In these
patients, ivabradine has been used with or without beta
blockers. In this issue I present some clinical cases invol-
ving the use of ivabradine.

The first case regards a 72-year-old male with a history of
hypertension, dyslipidemia, hypertension, and type 2 dia-
betes who was recently admitted to the hospital with
unstable angina. The baseline ECG showed non-specific
ST-Tabnormalities and HR 90 b.p.m. He underwent coron-
ary angiography which identified diffuse involvement of
the three main coronary arteries, considered unsuitable
for angioplasty or CABG. Optimized medical treatment
was given, including nitrates, beta blockers (bisoprolol),
calcium channel antagonists, ACE inhibitors, simvastatin,
clopidogrel, and aspirin. The dose of bisoprolol was upti-
trated to 10 mg od and the HR came down to 70 b.p.m.
After 1 month the patient was still experiencing
mild-to-moderate angina (class II–III). He was then put on
ivabradine, uptitrated to 7.5 mg bid. After 2 weeks of
treatment the HR came down to 60 b.p.m. and the
patient became angina free.

The second case is a 55-year-old male with severe
aortic stenosis, angina, and a history (20 years before)
of lung tumor resection, followed by radiotherapy. He
was also diagnosed with COPD and was being treated.
ECG showed criteria for LVH and HR 100 b.p.m. Coronary
angiography preoperatively also demonstrated significant
proximal lesions in the right coronary artery. The patient
underwent aortic valve replacement, but due to the pres-
ence of porcelain aorta it was decided to do a hybrid pro-
cedure with implantation of two stents in the right
coronary artery. The patient was put on the usual antipla-
telet and anti-ischaemic treatment, except for beta
blockers, which were contraindicated in this patient.

After 1 month the patient was still experiencing
mild chest discomfort and palpitations with regular
exercise. This was attributed to small vessel disease
and ivabradine was initiated and uptitrated to 7.5 mg
bid. After 1 month the patient had an HR of 70 b.p.m.
and was symptom free.

The final case regards a 28-year-old male who pre-
sented in the emergency room with acute ischaemia of
the right lower limb secondary to arterial embolization
caused by an LV apical thrombus. There was also distal
septal and apical hypokinesis consistent with involve-
ment of the LAD territory. The initial ECG (Figure 2A)
showed sinus tachycardia with right axis deviation and
right bundle branch block. The patient underwent coron-
ary and peripheral revascularization and was anticoagu-
lated. The work-up showed an anti-thrombin III
deficiency. The patient was put on conventional
medical treatment but could not tolerate beta blockers,
so ivabradine was started because of persistent sinus
tachycardia. At 5 mg bid the heart rate went down to
60 b.p.m. (Figure 2B), with no worsening of the baseline
conduction abnormality.

These are some examples of patients with different
patterns of coronary artery disease who showed a signifi-
cant clinical benefit with ivabradine on top of anti-
ischaemic treatment, either with or without beta
blocker. These examples highlight the reasoning behind
using ivabradine as an anti-ischaemic agent in different
clinical situations where optimized anti-ischaemic treat-
ment is not enough or when the use of beta blockers is
contraindicated. Therefore, ivabradine represents an
important addition to the current options of different
anti-ischaemic agents that are available, with an
impact on symptom relief and patient outcome.

Conflict of interest: none declared.

Figure 2 Patient ECG.

F.J. PintoC28

 at E
S

C
 M

em
ber on S

eptem
ber 22, 2011

eurheartjsupp.oxfordjournals.org
D

ow
nloaded from

 

http://eurheartjsupp.oxfordjournals.org/


References

1. Leal J, Luengo-Fernandez R, Gray A, Petersen S, Rayner M. Economic
burden of cardiovascular diseases in the enlarged European Union.
Eur Heart J 2006;27:1610–1619.

2. Elveback LR, Connolly DC, Melton LJ. Coronary heart disease in resi-
dents of Rochester, Minnesota. Incidence 1950 through 1982. Mayo
Clin Proc 1986;61:896–900.

3. Fox K, Alonso Garcia MA, Ardissino D, Buszman P, Camici PG, Crea F,
Daly C, DeBacker G, Hjemdahl P, Lopez-Sendon J, Marco J, Morais J,
Pepper J, Sechtem U, Simoons M, Thygesen K. Guidelines on the man-
agement of stable angina pectoris. The task force on the manage-
ment of stable angina of the European Society of Cardiology. Eur
Heart J 2006;27:1341–1381.

4. L’Italien G, Ford I, Norrie J et al. The cardiovascular event reduction
tool (CERT)—a simplified cardiac risk prediction model developed
from the West of Scotland Coronary Prevention Study (WOSCOPS).
Am J Cardiol 2000;85:720–724.

5. Mozaffarian D, Bryson CL, Spertus JA, McDonell MB, Fihn SD.
Anginal symptoms consistently predict total mortality among
outpatients with coronary artery disease. Am Heart J 2003;146:
1015–1022.

6. Daly CA, De Stavola B, Sendon JL et al. Predicting prognosis in stable
angina—results from the Euro heart survey of stable angina: prospec-
tive observational study. Br Med J 2006;332:262–267.

7. Giannoglou GD, Chatzizisis YS, Zamboulis C, Parcharidis GE,
Mikhailidis DP, Louridas GE. Elevated HR and atherosclerosis: an over-
view of the pathogenetic mechanisms. Int J Cardiol 2008;126:
302–312.

8. Heidland UE, Strauer BE. Left ventricular muscle mass and elevated
HR are associated with coronary plaque disruption. Circulation
2001;104:1477–1482.

9. DiFrancesco D. Characterization of single pacemaker channels in
cardiac sino-atrial node cells. Nature 1986;324:470–473.

10. Borer JS, Fox K, Jaillon P et al. Antianginal and anti-ischemic effect
of ivabradine an If inhibitor, in stable angina. A randomized, double-
blind, multicentered, placebo controlled trial. Circulation 2003;107:
817–823.

11. Tardif JC, Ford I, Tendera M et al. Anti-anginal and anti-ischemic effi-
cacy of the If current inhibitor ivabradine vs. atenolol in stable
angina. A 4-month randomized, double-blind, multicenter trial. Eur
Heart J 2005;26:2529–2537.

12. Tardif JC, Ponikowski P, Kahan T. Efficacy of the If current inhibitor
ivabradine in patients with chronic stable angina receiving beta-
blocker therapy: a 4-month, randomized, placebo-controlled trial.
Eur Heart J 2009;30:540–548.

13. Amosova F, Andrejev E, Zaderey I. Anti-ischemic effect of ivabradine
in combination with bisoprolol versus uptitration of bisiprolol
(e abstract). ACC 2010:1217–1322.

14. Koester R, Kaehler J, Ebelt H, Soeffker G, Werdan K, Meinertz T. Ivab-
radine in combination with beta-blocker therapy for the treatment of
stable angina pectoris in every day clinical practice. Clin Res Cardiol
2010;99:665–672.

15. Fox K, Ford I, Steg PG et al. Ivabradine for patients with stable
coronary artery disease and left-ventricular systolic dysfunction
(BEAUTIFUL): a randomised, double-blind, placebo-controlled trial.
Lancet 2008;372:807–816.

16. Fox K, Ford I, Steg PG et al., BEAUTIFUL investigators. HR as a
prognostic risk factor in patients with coronary artery disease and
left-ventricular systolic dysfunction (BEAUTIFUL): a subgroup analysis
of a randomised controlled trial. Lancet 2008;372:817–821.

17. Fox K, Ford I, Steg PG et al., BEAUTIFUL investigators. Relationship
between ivabradine treatment and cardiovascular outcomes in
patients with stable coronary artery disease and left ventricular sys-
tolic dysfunction with limiting angina: a subgroup analysis of the ran-
domized, controlled BEAUTIFUL trial. Eur Heart J 2009;30:540–548.

18. Klein WW, Jackson G, Tavazzi L. Efficacy of monotherapy compared
with combined antianginal drugs in the treatment of chronic stable
angina pectoris. Coron Artery Dis 2002;13:427–436.

Coronary artery disease management with ivabradine C29

 at E
S

C
 M

em
ber on S

eptem
ber 22, 2011

eurheartjsupp.oxfordjournals.org
D

ow
nloaded from

 

http://eurheartjsupp.oxfordjournals.org/

