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Abstract
Results of recent clinical trials in patients with stable angina and chronic heart failure have
successfully demonstrated a beneficial role of use of ivabradine in addition to the

conventional therapy. Based on the results of these trials, the aim of our review is to give an
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overview of the literature about the use of ivabradine in clinical settings outside its usual

purpose.

Introduction

There has been increasing evidence that resting heart rate (HR) might be a marker of risk, or
even a risk factor for cardiovascular morbidity and mortality. HR is a powerful predictor of
mortality in normal individuals (1, 2) as well as in patients with hypertension (3), myocardial
infarction (MI) (4), stable coronary artery disease (CAD) (5) and chronic heart failure (HF)
(6). HR is a major determinant of myocardial oxygen consumption and energy use; in
addition, an increase in HR reduces the diastolic coronary perfusion time. In effect, reducing
HR decreases myocardial oxygen demand and improves endocardial blood supply.

At the time, existing therapies capable of reducing HR — that is, beta-blockers and some
calcium antagonists — had a number of potential adverse effects, such as negative inotropism
and arterial hypotension as well as undesirable effects, which led to problems achieving target
doses, treating patients with comorbidities and minimizing drug Interactions. The novel
aspect of ivabradine relates to selectivity and specificity for If channels (7).ivabradine
Moreover, it does not affect myocardial contractility, preserves cardiac output, and
significantly enhances stroke volume and systolic stroke work (8). Recent multicentre,
prospective, randomised and controlled trials have demonstrated both a significant reduction
in non-fatal myocardial infarction (9) and a decrease of hospitalisation rate from HF (10) in
patients with left ventricular (LV) systolic dysfunction treated with ivabradine; in those
patients, ivabradine still improves LV reverse remodelling (11), quality of life (12) and
exercise capacity (13).

Since the reduction in HR may be prognostically favourable in several diseases in which 3
blockers or calcium antagonists are contraindicated, the aim of our review is to describe the
effects of ivabradine beyond its conventional clinical use.

Acute myocardial infarction

Tachycardia is common in the acute stage of ST-elevation myocardial infarction (STEMI),
whether related to the sympathetic nervous system activation caused by pain or as a
compensatory phenomenon to acute HF complicating STEML

The VIVIFY (eValuation of the IntraVenous If inhibitor ivabradine after ST segment elevation
mYocardial infarction) trial showed that intravenous ivabradine (over 8 hours) after

percutaneous coronary intervention (PCI) for STEMI produced a rapid and sustained
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reduction in HR, which was safe and well tolerated. Specifically, the HR reduction produced
by ivabradine was not associated with any impact on blood pressure and hemodynamics but
was associated with lower left ventricular volumes (14).

Fasullo et al. (15) have investigated the feasibility, tolerability, and the effects of ivabradine
versus metoprolol in early phases of anterior STEMI reperfused by PCIL. Even if in this
randomised trial, the Ivabradine group was not given beta-blockers and ivabradine was
delivered late after angioplasty (i.e. 12 hours), results suggested that oral ivabradine may be
administered early to patients with successful PCI for anterior STEMI with impaired left
ventricular function, high HR and sinus rhythm. Furthermore, Gerbaund et al. have
demonstrated that in successfully reperfused STEMI patients, early administration of
ivabradine (1-3 hours after PCI) may improve LV remodelling when added to current

guideline-based therapy (16).

Acute decompensated systolic heart failure

Increased HR is usual in acute decompensated HF, and may act as a compensatory mechanism
or be because of vasopressor use or a contributing factor for clinical deterioration. Ivabradine,
improving ventricular-arterial interaction caused by HR reduction, seems to contribute to the
increase in stroke volume and improved cardiac efficiency thereby preserving cardiac output
ivabradine(17).

Based on these features, Sargento et al, have recently published the results of a pilot study
about the safety of ivabradine in 10 patients with acute decompensated systolic HF and HR
>70 bpm. They noted a significant reduction in HR after the introduction of oral ivabradine,
correlated with the reduction of NT-proBNP values and NYHA class. These results suggested
that the addition of oral ivabradine before in that population - might be safe and efficient

(18).

Inappropriate sinus tachycardia

Initially ivabradine was reported for its off-label efficacy in cases of inappropriate sinus
tachycardia (IST) and postural orthostatic tachycardia syndrome (POTS) (19-21). Calo et al.
in a case series that included 18 IST patients demonstrated the effects of ivabradine in
reducing HR at the Holter recordings and to increasing the exercise tolerance in stress tests

(22). Still, in another case series comparing the effect of Metoprolol and ivabradine on
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resting HR and during exercise in IST patients, ivabradine was more effective in relieving
symptoms during exercise or daily activity and was better tolerated (23).

Cappato et al. investigated the role of ivabradine in the treatment of symptomatic IST using a
double blind, placebo-controlled, crossover design. They evidenced that ivabradine
significantly improved symptoms associated with IST and eliminated them in approximately
half of the patients (24).

More recently, a clinical benefit and quality of life improvement during 1 year of treatment
with ivabradine has been demonstrated in a series of IST patients (25). Moreover, in a case
series of 22 patients with POTS, McDonald et al. demonstrated that ivabradine could reduce
the symptoms and patient perceived tachycardia in 55% of cases, an efficacy comparable with
other therapies (26, 27).Still, Sutton et al. reported that 72% of 25 patients with vaso-vagal
syncope, who demonstrated sinus tachycardia before collapse on tilt testing, reported a
marked benefit or complete resolution of symptoms (28).

Even if the results of these studies are encouraging but not conclusive, ivabradine appears to
control POTS and IST-related symptoms with an efficacy similar to conventional treatment;
thus further systematic collection of objective data or controls are needed to establish the true
efficacy of ivabradine over placebo and pharmacological agents used in the management of

these autonomic disorders.

Microvascular angina pectoris

Microvascular angina pectoris (MVA) is usually suspected, by exclusion, in patients with
sufficiently typical chest pain in whom, despite abnormalities of the ECG and/or stress test
results indicative of myocardial ischemia, arteriography surprisingly fails to show fixed or
dynamic obstructions in the epicardial coronary arteries (29). Although several
epidemiological studies have consistently shown that the prognosis of stable MVA is
excellent, from 20% to 30%, MVA patients have progressive worsening of symptoms, with
angina attacks becoming more frequent and prolonged over time and induced by only mild
effort or even appearing at rest, which significantly impairs quality of life (30). Classical anti-
ischemic medications, particularly f blockers, are the mainstream of the therapy (31). Villano
et al. have demonstrated a beneficial effect of ivabradine on angina symptoms and quality of
life in 16 MVA patients, independently from many major direct effects on systemic vascular

and coronary microvascular function (32).
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Chronic obstructive pulmonary diseases

Cardiovascular diseases, including coronary artery diseases and HF, are major comorbidities
in chronic obstructive pulmonary diseases (COPD) (33, 34). COPD patients with CAD
generally have elevated HR and beta-blockers are known to improve the survival of patients
with CHF or CAD (35, 36). Previous studies have shown that patients with CAD and
coexisting COPD generally failed to receive optimal therapy or appropriate drug dosages of 3
blockers for HR reduction. In a recent study, 54% of patients suffered from HF in a
population with CAD and COPD, and only 52.8% of these patients were receiving 3 blocker
therapy. In addition, in the majority of these patients the daily dosages of beta-blockers were
not at target dose, which could be explained by the physicians’ hesitation to prescribe them
due to possible adverse pulmonary effects (37). So far, smaller studies have suggested that
ivabradine does not affect pulmonary function and may be safe in both asthma and COPD
(398).

Tavazzi et al. evaluated data from SHIFT regarding the effectiveness and safety of Ivabradine
in patients with HF and COPD, focusing on hard clinical endpoints during long-term follow-
up in a reasonably large sample of patients (n = 730). Ivabradine was equally safe and
effective in reducing the primary endpoint in patients with and without COPD when added to
standard therapy. This effect seems to be independent of 3 blocker use although this was not
properly tested. Thus, when the maximally tolerated  blocker dose is achieved and HR
remains elevated, ivabradine can be safely added in HF patients also suffering from COPD

just like in the other HF patients (39).

Other possible uses and perspectives

oHF with preserved ejection fraction (HFpEF) and right ventricular HF

In the early stages of HFpEF, while the primary problem relates to impaired LV
relaxation, high HR during exercise may be particularly detrimental by reducing time
for diastolic filling and promoting increased LV filling pressure and exercise
intolerance. Therapeutic measures prolonging the LV filling phase may optimize
transmitral flow, thereby reducing increased filling pressures and the resultant
dyspnoea. Kosmala et al. have demonstrated that short-term treatment with ivabradine
increased exercise capacity, with a contribution from improved left ventricular filling

pressure response to exercise as reflected by the ratio of peak early diastolic mitral
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flow velocity to peak early diastolic mitral annular velocity (40). It may be explained
by ivabradine properties to decrease arterial elastance through enhancement of
arterial compliance and reduction in HR (17), and through the improvement in

endothelial function (41).

e Pericarditis and myocarditis

It has been proposed that HR could be at least partly associated with inflammation,
providing a vicious circle, supporting the value of HR-lowering drugs for controlling
symptoms linked to tachycardia and, above all, inflammation worsened by tachycardia

(42). Roubille et al. have proposed a possible role of ivabradine in that setting (43).

o Pre—treatment before coronary CT angiography

Several authors have proposed pre-treatment with ivabradine before coronary CT
angiography both in patients that were taking a B blocker or a calcium channel
antagonist (44) and in patients that were not taking anything (45,46). Results of those
studies demonstrated that ivabradine is safe and effective in increasing the rate of
patients at the target HR before coronary TC angiography and in reducing the need for
additional IV B blockade in patients referred for the exam. In particular, ivabradine 7.5

mg is more effective than ivabradine 5 mg (47).

e Sepsis or multi-organ dysfunction syndrome (MODS)

Uncontrolled tachycardia in systemic inflammatory response syndrome and sepsis
deprives the heart muscle of oxygen. As it progresses, insufficient heart muscle
nutrition eventually leads to myocardial dysfunction. It can also present as systolic
and/or diastolic HF. In acute coronary syndromes, 8 blockers are used to control HR.
However, in MODS, it cannot be used due to hemodynamic instability and worsened
myocardial function (48). In that setting ivabradine could be safe and to test this

hypothesis the MODIFY trial was designed (49).

eHeart transplant
The clinical evidence regarding ivabradine treatment in heart transplant (HTx)

recipients remains limited. Zhang et al. during a 12-week follow-up of patients with
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HTx and chronic tachycardia demonstrated a significant reduction in HR (22%) after

ivabradine treatment (50). These results were confirmed during a long follow-up (51).

Conclusions

Because of its peculiar and unique mechanism of action, ivabradine is a fascinating agent and
the exploration of its potential use is very interesting. Despite its indication in chronic HF and
stable angina patients, ivabradine may be safe and effective in several other clinical settings.

This finding needs to be confirmed by further studies.

References

1. Jouven X, Empana JP, Buyck JF, et al. Resting heart rate and its changes over years as a
risk factor for mortality in the general population: the Paris Prospective Study. Eur Heart J
2006; 27 Suppl. 1:303.

2. Mensink GB, Hoffmeister H. The relationship between resting heart rate and all-cause,
cardiovascular and cancer mortality. Eur Heart J. 1997 Sep; 18(9):1404-10.

3. Gillman MW, Kannel WB, Belanger A, D'Agostino RB. Influence of heart rate on mortality
among persons with hypertension: the Framingham Study. Am Heart J. 1993 Apr;
125(4):1148-54.

4. Hjalmarson A, Gilpin EA, Kjekshus J, et al. Influence of heart rate on mortality after acute
myocardial infarction. Am J Cardiol. 1990 Mar 1; 65(9):547-53.

5. Fox K, Ford I, Steg PG, Tendera M, Robertson M, Ferrari R; BEAUTIFUL investigators.
Heart rate 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 Sep 6; 372(9641):817-21.

6. Bohm M, Swedberg K, Komajda M, Borer JS, Ford I, Dubost-Brama A, Lerebours G,
Tavazzi L; SHIFT Investigators. Heart rate as a risk factor in chronic heart failure (SHIFT):
the association between heart rate and outcomes in a randomised placebo controlled trial.
Lancet. 2010 Sep 11; 376(9744):886-94.

7. Vizzardi E, Bonadei I, D'Aloia A, et al. The importance of reducing heart rate in
cardiovascular diseases: effects of Ivabradine. Minerva Med. 2011 Oct; 102(5):373-9.

8. De Ferrari GM, Mazzuero A, Agnesina L, et al. Favourable effects of heart rate reduction
with intravenous administration of ivabradine in patients with advanced heart failure. Eur J

Heart Fail. 2008 Jun; 10(6):550-5.

This article is protected by copyright. All rights reserved.



9. Fox K, Ford I, Steg PG, Tendera M, Ferrari R; BEAUTIFUL Investigators. Ivabradine for
patients with stable coronary artery disease and left-ventricular systolic dysfunction
(BEAUTIFUL): a randomised, double blind, placebo-controlled trial. Lancet. 2008 Sep 6;
372(9641):807-16.

10. Swedberg K, Komajda M, Bohm M, Borer JS, Ford I, Dubost-Brama A, Lerebours G,
Tavazzi L; SHIFT Investigators. Ivabradine and outcomes in chronic heart failure (SHIFT): a
randomised placebo-controlled study. Lancet. 2010 Sep 11; 376(9744):875-85.

11. Tardif JC, O'Meara E, Komajda M, Bohm M, Borer JS, Ford I, Tavazzi L, Swedberg K;
SHIFT Investigators. Effects of selective heart rate reduction with ivabradine on left
ventricular remodelling and function: results from the SHIFT echocardiography substudy. Eur
Heart J. 2011 Oct; 32(20):2507-15.

12. Ekman I, Chassany O, Komajda M, et al. Heart rate reduction with ivabradine and health
related quality of life in patients with chronic heart failure: results from the SHIFT study. Eur
Heart J. 2011 Oct; 32(19):2395-404.

13. Volterrani M, Cice G, Caminiti G, et al. Effect of Carvedilol, Ivabradine or their
combination on exercise capacity in patients with Heart Failure (the CARVIVA HF trial). Int J
Cardiol. 2011 Sep 1; 151(2):218-24.

14. Steg P, Lopez-de-Sa E, Schiele F, Hamon M, Meinertz T, Goicolea J, Werdan K, Lopez-
Sendon JL; VIVIFY (eValuation of the IntraVenous If inhibitor ivabradine after STsegment
elevation mYocardial infarction) investigators. Safety of intravenous ivabradine in acute ST-
segment elevation myocardial infarction patients treated with primary percutaneous coronary
intervention: a randomized, placebo-controlled, double blind, pilot study. Eur Heart J Acute
Cardiovasc Care. 2013 Sep; 2(3):270-9.

15. Fasullo S, Cannizzaro S, Maringhini G, et al. Comparison of ivabradine versus metoprolol
in early phases of reperfused anterior myocardial infarction with impaired left ventricular
function: preliminary findings. J Card Fail. 2009 Dec; 15(10):856-63.

16. Gerbaud E, Montaudon M, Chasseriaud W, et al. Effect of ivabradine on left ventricular
remodelling after reperfused myocardial infarction: A pilot study. Arch Cardiovasc Dis. 2014
Jan; 107(1):33-41.

17. Reil JC, Tardif JC, Ford 1, et al. Selective heart rate reduction with ivabradine unloads the
left ventricle in heart failure patients. J Am Coll Cardiol. 2013 Nov 19; 62(21):1977-85.

This article is protected by copyright. All rights reserved.



18. Sargento L, Satendra M, Longo S, et al. Heart Rate Reduction with Ivabradine in Patients
with Acute Decompensated Systolic Heart Failure. Am J Cardiovasc Drugs. 2014 Jan 23.
[Epub ahead of

print]

19. Schulze V, Steiner S, Hennersdorf M, Strauer BE. Ivabradine as an alternative therapeutic
trial in the therapy of inappropriate sinus tachycardia. A case report. Cardiology. 2008;
110(3):206-8.

20. Winum PF, Cayla G, Rubini M, et al. A case of cardiomyopathy induced by inappropriate
sinus tachycardia and cured by ivabradine. Pacing Clin Electrophysiol. 2009 Jul; 32(7):942-4.
21. Khan S, Hamid S, Rinaldi C. Treatment of inappropriate sinus tachycardia with
ivabradine in a patient with postural orthostatic tachycardia syndrome and a dual chamber
pacemaker. Pacing Clin Electrophysiol. 2009 Jan; 32(1):131-3.

22. Calo L, Rebecchi M, Sette A, et al. Efficacy of ivabradine administration in patients
affected by inappropriate sinus tachycardia. Heart Rhythm. 2010 Sep; 7(9):1318-23.

23. Ptaszynski P, Kaczmarek K, Ruta J, et al. Metoprolol succinate vs. ivabradine in the
treatment of inappropriate sinus tachycardia in patients unresponsive to previous
pharmacological therapy. Europace. 2013 Jan;15(1):116-21.

24. Cappato R, Castelvecchio S, Ricci C, et al. Clinical efficacy of ivabradine in patients with
inappropriate sinus tachycardia: a prospective, randomized, placebo-controlled, double-blind,
crossover evaluation. J Am Coll Cardiol. 2012 Oct 9; 60(15):1323-9.

25. Benezet-Mazuecos J, Rubio JM, Farré J, et al. Long-term outcomes of ivabradine in
inappropriate sinus tachycardia patients: appropriate efficacy or inappropriate patients. Pacing
Clin Electrophysiol. 2013 Jul; 36(7):830-6

26. Thieben MJ, Sandroni P, Sletten DM, et al. Postural orthostatic tachycardia syndrome: the
Mayo clinic experience. Mayo Clin Proc. 2007 Mar; 82(3):308-13.

27. McDonald C, Frith J, Newton JL. Single centre experience of ivabradine in postural
orthostatic tachycardia syndrome. Europace. 2011 Mar; 13(3):427-30.

28. Sutton R, Salukhe TV, Franzen-McManus AC, et al. Ivabradine in treatment of sinus
tachycardia mediated vasovagal syncope. Europace. 2014 Feb; 16(2):284-8.

29. Lanza GA. Cardiac syndrome X: a critical overview and future perspectives. Heart. 2007
Feb; 93(2):159-66.

30. Lanza GA, Crea F. Primary coronary microvascular dysfunction: clinical presentation,

pathophysiology, and management. Circulation. 2010 Jun 1; 121(21):2317-25.

This article is protected by copyright. All rights reserved.



31. Lanza GA, Colonna G, Pasceri V, Maseri A. Atenolol versus amlodipine versus
isosorbide-5- mononitrate on anginal symptoms in syndrome X. Am J Cardiol. 1999 Oct
1;84(7):854-6, A8.

32. Villano A, Di Franco A, Nerla R, et al. Effects of ivabradine and ranolazine in patients
with microvascular angina pectoris. Am J Cardiol. 2013 Jul 1; 112(1):8-13.

33. Soriano JB, Visick GT, Muellerova H, et al. Patterns of comorbidities in newly diagnosed
COPD and asthma in primary care. Chest. 2005 Oct; 128(4):2099-107.

34. Fabbri LM, Luppi F, Beghé B, Rabe KF. Complex chronic comorbidities of COPD. Eur
Respir J. 2008 Jan; 31(1):204-12.

35. McMurray JJ, Adamopoulos S, Anker SD, et al; Task Force for the Diagnosis and
Treatment of Acute and Chronic Heart Failure 2012 of the European Society of Cardiology,
ESC Committee for Practice Guidelines. ESC guidelines for the diagnosis and treatment of
acute and chronic heart failure 2012: The Task Force for the Diagnosis and Treatment of
Acute and Chronic Heart Failure 2012 of the European Society of Cardiology. Developed in
collaboration with the Heart Failure Association (HFA) of the ESC. Eur J Heart Fail. 2012
Aug; 14(8):803-69

36. Montalescot G, Sechtem U, Achenbach S, et al. 2013 ESC guidelines on the management
of stable coronary artery disease: the Task Force on the management of stable coronary artery
disease of the European Society of Cardiology. Eur Heart J. 2013 Oct;34(38):2949-3003.

37. Andrikopoulos G, Pastromas S, Kartalis A, et al. Inadequate heart rate control is
associated with worse quality of life in patients with coronary artery disease and chronic
obstructive pulmonary disease. The RYTHMOS study. Hellenic J Cardiol. 2012 Mar;
53(2):118-26.

38. Majewski S, Slomka S, Zielinska-Wyderkiewicz E, et al. Heart rate lowering efficacy and
respiratory safety of ivabradine in patients with obstructive airway disease. Am J Cardiovasc
Drugs. 2012 Jun 1; 12(3):179-88.

39. Tavazzi L, Swedberg K, Komajda M, Bohm M, Borer JS, Lainscak M, Robertson M, Ford
I; SHIFT Investigators. Clinical profiles and outcomes in patients with chronic heart failure
and chronic obstructive pulmonary disease: an efficacy and safety analysis of SHIFT study.
Int J Cardiol. 2013 Dec 10; 170(2):182-8.

40. Kosmala W, Holland DJ, Rojek A, et al. Effect of If-channel inhibition on hemodynamic
status and exercise tolerance in heart failure with preserved ejection fraction: a randomized

trial. J] Am Coll Cardiol. 2013 Oct 8; 62(15):1330-8.

This article is protected by copyright. All rights reserved.



41. Orea-Tejeda A, Balderas-Muiioz K, Castillo-Martinez L, et al. Effect of ivabradine on
endothelial function in diastolic and right heart failure patients. Cardiol Res Pract. 2013;
2013:603913

42. Khoueiry Z, Roubille C, Nagot N, et al. Could heart rate play a role in pericardial
inflammation? Med Hypotheses. 2012 Oct; 79(4):512-5.

43. Roubille F, Tournoux F, Roubille C, et al. Management of pericarditis and myocarditis:
could heart-rate-reducing drugs hold a promise? Arch Cardiovasc Dis. 2013 Dec;
106(12):672-9.

44. Celik O, Atasoy M, Ertiirk M, et al. Single dose ivabradine versus intravenous metoprolol
for heart rate reduction before coronary computed tomography angiography (CCTA) in
patients receiving long-term calcium channel-blocker therapy. Acta Radiol. 2013 Sep 23.
[Epub ahead of print]

45. Pichler P, Pichler-Cetin E, Vertesich M, et al. Ivabradine versus metoprolol for heart rate
reduction before coronary computed tomography angiography. Am J Cardiol. 2012 Jan 15;
109(2):169-73.

46. Bayraktutan U, Kantarci M, Gundogdu F, et al. Efficacy of ivabradin to reduce heart rate
prior to coronary CT angiography: comparison with beta-blocker. Diagn Interv Radiol. 2012
Nov- Dec; 18(6):537-41.

47. Guaricci Al, Maffei E, Brunetti ND, et al. Heart rate control with oral ivabradine in
computed tomography coronary angiography: a randomized comparison of 7.5mg vs 5mg
regimen. Int J Cardiol. 2013 Sep 20; 168(1):362-8.

48. Nair AS, Gopal TV. Ivabradine in sepsis. J Anaesthesiol Clin Pharmacol. 2013 Oct;
29(4):570-1.

49. Nuding S, Ebelt H, Hoke RS, et al. Reducing elevated heart rate in patients with multiple
organ dysfunction syndrome by the I (f) (funny channel current) inhibitor ivabradine: MODI
()Y trial. Clin Res Cardiol. 2011 Oct; 100(10):915-23.

50. Zhang R, Haverich A, Striiber M, et al. Effects of ivabradine on allograft function and
exercise performance in heart transplant recipients with permanent sinus tachycardia. Clin
Res Cardiol. 2008

Nov; 97(11):811-9.

51. Zhang R, Bobylev D, Stiefel P, et al. Lasting reduction of heart transplant tachycardia with
ivabradine is effective and well tolerated: results of 48-month study. Clin Res Cardiol. 2012

Aug; 101(8):631-6.

This article is protected by copyright. All rights reserved.



