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Abstract: Heart rate is an important indicator of health and disease and the modulation of heart
rate can help to improve cardiovascular outcomes. Besides B-blockers, Ivabradine is a well-
established heart rate modulating drug that reduces heart rate without any hemodynamic effects.
This consensus document was developed with the help of expert opinions from cardiologists across
India on effective heart rate management in routine clinical practice and choosing an appropriate

ARTICLE HISTORY Ivabradine-based therapy considering the available scientific data and guideline recommendations.
Based on the discussion during the meetings, increased heart rate was recognized as a significant
Received: September 12, 2022 predictor of adverse cardiovascular outcomes among patients with chronic coronary syndromes
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and heart failure with reduced ejection fraction making heart rate modulation important in these
Accepted: January 10, 2023

subsets. Ivabradine is indicated in the management of chronic coronary syndromes and heart fail-

DpoI- ure with reduced ejection fraction for patients in whom heart rate targets cannot be achieved de-
10.2174/1573403X19666230320105623 spite guideline-directed B-blocker dosing or having contraindication/intolerance to B-blockers. A
prolonged release once-daily dosage of Ivabradine can be considered in patients already stabilized

@ CrossMark on Ivabradine twice-daily. Ivabradine/B-blocker fixed-dose combination can also be considered to

reduce pill burden. Two consensus algorithms have been developed for further guidance on the appro-
priate usage of Ivabradine-based therapies. Ivabradine and p-blockers can provide more pronounced clin-
BY ical improvement in most chronic coronary syndromes and heart failure with reduced ejection fraction

patients with a fixed-dose combination providing an opportunity to improve adherence.

Keywords: Expert opinion, consensus, Ivabradine, -blocker, chronic coronary syndromes, heart failure with a reduced ejec-
tion fraction.

1. INTRODUCTION deaths (272 per 100000 population) is substantially higher
than the global average of 235 per 100000 population [1]. It
is well-established that the coronary artery disease (CAD)
burden in Indian population is rising at a quick pace result-
ing in 4 times higher hospitalization rates due to complica-
tions of CAD compared to other ethnicities and 5-10-fold
higher admission rates in young individuals (<40 years) [2].
As per the 2019 European Society of Cardiology (ESC)
Guidelines, new and more precise terminology has been pro-
posed for stable CAD as chronic coronary syndromes (CCS)
[3]. The rising prevalence of heart failure (HF) is another
challenge, with the world being home to an estimated 64.3

Cardiovascular disease (CVD) is one of the prevalent
causes of the increasing non-communicable disease burden
worldwide. A recent Global Burden of Disease (GBD) up-
date reported a steep rise in the prevalence from 1990 (271
million) to 2019 (523 million) and a gradual rise in the num-
ber of CVD deaths currently accounting for a total of 18.6
million in 2019 [1]. Notably, India’s contribution to CVD
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million individuals affected by HF [4]. The HF has recently
been classified into three major types depending on the left
ventricular ejection fraction (LVEF): HF with reduced ejec-
tion fraction of <40% (HFrEF), HF with a mildly reduced
ejection fraction of 41-49% (HFmrEF) and HF with a pre-
served ejection fraction of >50% (HFpEF). The incidence of
HFrEF as per the Trivandrum Heart Failure Registry
(THFR) was around 62% of the total HF population, indicat-
ing that HFTEF is the predominant type of HF observed in
the Indian population which was also associated with the
highest mortality [5]. The probable reason for it is the early
and high incidence of CAD which was also the aetiological
factor in almost 75% of patients in THFR. Also, the mean
heart rate (HR) observed in the patients with HFrEF was 99
beats per minute (bpm) despite 65% of them being on -
blockers. HR is the core indicator/marker of life and in a
normal adult, HR ranges between 60 and 100 bpm. HR is the
most important factor affecting myocardial oxygen demand
and an increase in heart rate increases the myocardial oxygen
requirement. Generally, abnormalities in HR are considered
one of the independent risk factors associated with the inci-
dence of CVD and CVD-related morbidities, mortality and
adverse clinical outcomes [6-9]. Therefore, a crucial and
fundamental aspect of the management of CVDs is to target
the modulation of HR through appropriate therapies availa-
ble. Achieving the target HR is one of the important goals,
especially in the management of patients with CCS and
HFrEF. With regards to HR management in CCS and
HFrEF, there is a lack of Indian consensus on what should
be the appropriate strategy in routine clinical settings. Con-
sidering this background, a consensus document was formu-
lated to help physicians understand the significance of high
HR in CCS and HFrEF and how HR modulating agents like
Ivabradine can be helpful. The document will also aid in
choosing appropriate Ivabradine-based therapy for effective
HR management in routine clinical practice. To develop the
consensus document, a core committee of 8 cardiologists
was formulated and the methodology was finalized in a na-
tional meeting. Each of these 8 cardiologists conducted zonal
meetings to discuss and seek an opinion from other expert
cardiologists from different parts of India. Compilation of
discussion points and opinions based on the national and
zonal meetings was done to prepare a consensus document.
The points for discussion included the significance of HR
modulation in CVD, the role of Ivabradine as HR modulat-
ing agent, HR targets in CCS and HFrEF, and the role of
Ivabradine/B-blocker combination in CCS and HFrEF. This
consensus report was reviewed and finalized by the core
committee members.

2. SIGNIFICANCE OF HEART RATE MODULATION
INCVD

Based on consistent evidence from epidemiological stud-
ies, elevated HR or resting HR (RHR) is considered a vital
indicator of disease and mortality both in the general popula-
tion and in patients with CCS and HFrEF [6]. Emerging evi-
dence suggests that Indians have a higher HR with an aver-
age RHR of around 81 bpm as reported by the India Heart
study and BEAT survey [10, 11]. The possible factors asso-
ciated with high RHR include high prevalence (62.42%) of
sympathetic overactivity (SO) and smaller heart chamber
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size as compared to western cohorts wherein high HR is re-
quired to maintain the cardiac output [12, 13]. This imbal-
ance between sympathetic and parasympathetic activity has
been implicated in the observed associations between raised
RHR and adverse cardiac outcomes [14, 15]. Likewise, ob-
servations from previous epidemiological studies also indi-
cated that elevated RHR was associated with increased risk
of hospitalization, cardiovascular (CV) and all-cause mor-
tality among patients with CVD [15, 16]. The BEAUTIFUL
(morBidity-mortality EvAlUaTion of the If inhibitor Ivabra-
dine in patients with coronary disease and left-ventricULar
dysfunction) trial demonstrated that patients with HR >70
bpm as compared to those with HR <70 bpm were at a sig-
nificantly higher risk for CV death (34%), hospitalizations
for HF (53%), hospitalization for myocardial infarction (MI)
(46%) and coronary revascularization (38%) [16]. Moreover,
every 5 bpm increase in HR increased the risk of CV death
by 8%, hospitalization for HF by 16%, hospitalization for MI
by 7% and coronary revascularization by 8% [16], highlight-
ing the consequences of inadequate HR control in patients
with CCS. A retrospective real-world data involving patients
with HFrEF showed that at the time of diagnosis and follow-
up an elevated RHR (>70 bpm) was strongly associated with
an increased risk of adverse outcomes, including a 36% in-
crease in mortality, 25% increase in annual all-cause hospi-
talization time and 51% increase in annual hospitalization
time due to HF [17]. With respect to discharge HR, Habal et
al. demonstrated that elevated HR (>90 bpm) at discharge in
patients with HF was associated with increased risk of all-
cause and CV mortality at one-year with 26% increased in-
cidence of one-month re-hospitalization due to worsening
HF and 29% higher risk of CVD within one-month post-
discharge [18]. Overall the evidence suggests that elevated
HR acts as a risk marker as well as a risk factor across the
CV disease continuum and reduction of HR to the optimal
levels can help to improve prognostic outcomes in patients
with CCS and HFrEF [19].

Key Consensus Recommendations 1

Significance of high RHR as a risk marker and a risk factor

. High RHR is a simple yet important predictor of adverse CV events
across the CV continuum.

. In general, high RHR can be considered a risk marker in the healthy
population and CCS patients whereas, in patients with CCS and
systolic dysfunction, HFTEF patients, high RHR is a risk factor.

. In patients with CCS and HFrEF, controlling RHR is of utmost
importance, which can be achieved with the help of B-blockers and
Ivabradine.

. In individuals having high RHR without any evidence of cardiac
disorders or risk factors, lifestyle modification rather than drugs can
be considered.

3. ROLE OF IVABRADINE AS AN HR MODULATING
AGENT IN CCS AND HFREF

Ivabradine is a selective HR-reducing agent that inhibits
the HR regulating channel responsible for the cardiac pace-
maker current, I(f). Ivabradine has a negative chronotropic
effect on the sino-atrial node and it is a pure HR-lowering
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agent with distinct benefits in HFrEF. This unique feature
also contributes to the overall favorable safety profile of
Ivabradine with the absence of significant side effects asso-
ciated with other HR-reducing therapies. Among patients
with CCS, Ivabradine reduces oxygen demand in myocytes,
reduces energy requirements, and reduces ischemia and an-
gina; whereas in HFrEF, it improves coronary perfusion,
reduces the load on the heart muscle, improves heart muscle
functioning and prevents worsening of HF [20]. Ivabradine is
available in India as twice-daily immediate-release and once-
daily sustained-release formulations as monotherapy and
also in a fixed-dose combination (FDC) with metoprolol and
carvedilol. Ivabradine is indicated for the management of
chronic stable angina pectoris with normal sinus rhythm and
heart rate >60 bpm and in chronic HF patients (NYHA class
II to 1V) with systolic dysfunction and heart rate >75 bpm as
an add-on to B-blockers. Additionally, it can also be a useful
agent for HR reduction in patients with contraindica-
tion/intolerance to B-blockers. The recommended starting
dose of Ivabradine is 5 mg twice daily [21]. In the PROFI-
CIENT (PROlonged Release Formulation of Ivabradine
OnCe-Dally in HEart Rate ManagemeNT) study, HR was
effectively maintained with Ivabradine OD dosage among
those who shifted from Ivabradine twice-daily dose [22].
Once-daily dose thus can effectively maintain the HR, which
may aid in improving treatment compliance. The key contra-
indications associated with the use of Ivabradine include
hypersensitivity to Ivabradine, cardiac arrhythmias, acute
myocardial infarction, severe hypotension (<90/50 mmHg),
pretreatment resting heart rate <60 bpm [21], sick sinus syn-
drome, sino-atrial block, acute HF, pacemaker dependence,
unstable angina, atrioventricular block (second/third degree),
atrial fibrillation or other cardiac arrhythmias, severe hepatic
insufficiency, stroke, pregnancy, lactating women, concomi-
tant treatment with strong CYP3A4 inhibitors, CV and non-
CV QT prolonging agents, potassium-depleting diuretics and
non-dihydropyridine calcium channel blockers like verapam-
il or diltiazem. The most common adverse events associated
with Ivabradine are luminous phenomena (phosphenes) and
bradycardia. They are dose-dependent and related to the
pharmacological effect of the drug [23]. No dose adjust-
ments are necessary for patients with mild hepatic impair-
ment, however, ivabradine should be cautiously used in
patients with moderate hepatic impairment. Ivabradine is
contraindicated in patients with severe hepatic impairment
(Child-Pugh C). No dosage adjustment of ivabradine is
needed for patients who have mild, moderate, or severe renal
insufficiency or creatinine clearance >15mL/min [21, 23].

3.1. Spectrum of Clinical Evidence with Ivabradine in
CCS

Numerous studies have demonstrated the efficacy and
safety of Ivabradine in CCS as a monotherapy and combina-
tion therapy with other antianginal agents, including B-
blockers [23]. Ivabradine has anti-anginal and anti-ischemic
effects regardless of age, sex, severity of angina, revasculari-
zation status or comorbidities [23]. The BEAUTIFUL study
demonstrated a comprehensive benefit of Ivabradine use in
patients with stable CAD and LV dysfunction with reduced
rates of hospitalization, the need for coronary revasculariza-
tion and hospitalization for CV events in patients among
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baseline HR of >70 bpm [16]. In addition, a subgroup analy-
sis involving patients who had angina at baseline, [vabradine
administration significantly reduced CV death, MI and hos-
pitalization for HF by 24% and reduced hospitalization for
MI by 42% as compared to placebo [24]. On the contrary,
SIGNIFY (Study assessInG the morbidity-mortality beNefits
of the If inhibitor Ivabradine in patients with coronarY artery
disease) trial did not report any benefit of Ivabradine in re-
ducing the risk of CV death or nonfatal MI among patients
with stable CAD, LVEF >40% and HR >70 bpm [25]. Pos-
sible reasons for the lack of benefit seen in SIGNIFY trial
could be 1) higher mean age (65.0 years) of the study popula-
tion; ii) higher initiation and maintenance dose regimen of
Ivabradine (10 mg twice-daily) in 47% of patients aged <75
years may have increased risk of bradycardia events; iii)
concurrent use of verapamil or diltiazem with Ivabradine
was associated with increased nonfatal MI and ~3-fold in-
creases in plasma Ivabradine levels [25, 26].

3.2. Guideline Recommendations in CCS

As per the 2019 ESC guidelines on CCS, Ivabradine
should be considered as a second-line treatment to reduce
angina frequency and improve exercise tolerance in subjects
who cannot tolerate or have contraindications to or whose
symptoms are not adequately controlled by B-blockers, cal-
cium channel blockers (CCB) and long-acting nitrates. In
selected patients, the combination of a B-blocker or a CCB
with Ivabradine may be considered for first-line treatment
based on HR [3]. The ESC 2021 HF guidelines recommend-
ed Ivabradine in HFrEF patients with persistence of CCS
symptoms and HR >70 bpm in sinus rhythm despite using
guideline-recommended/maximally tolerated doses of f-
blockers [27].

3.3. Spectrum of Clinical Evidence with Ivabradine in
HFrEF

Ivabradine has also been extensively studied in the set-
ting of HFrEF, with SHIFT (Systolic Heart Failure Treat-
ment with the If Inhibitor Ivabradine Trial) being the major
randomized, double-blind, multicentre placebo-controlled
trial involving 6558 patients with HFrEF on background B-
blocker therapy and HR >70 bpm [28]. The study reported a
significant benefit of Ivabradine use in terms of HR reduc-
tion and subsequent reduction of the primary composite end-
point of CV death or hospitalization for worsening HF by
18%. Patients with the highest pre-intervention HR (HR >77
bpm) had the greatest reduction in HR with Ivabradine and
also the largest reduction in the primary composite endpoint
of CV death or hospital admission for worsening HF [28].
An evaluation of the impact of background B-blocker dose
on response to Ivabradine among patients with systolic HF,
sinus rthythm and HR >70 bpm revealed that HR reduction
with Ivabradine is independent of the dose of B-blocker but
dependent on RHR [29]. A study by Borer ef al. demonstrat-
ed that the addition of Ivabradine to a background guideline-
based HF therapy reduced the risk of re-hospitalizations
among patients with moderate-to-severe HF and LV systolic
dysfunction [30]. The need for second and third hospitaliza-
tion was also significantly reduced for HF during a median
follow-up of 22.9 months. In addition, a post-hoc analysis of
SHIFT indicated a 30% reduction in the risk of re-
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hospitalization in the vulnerable phase (during one-month
post-discharge following HF hospitalization) [30]. These
studies confirmed the benefit of Ivabradine therapy in reduc-
ing the risk of re-hospitalization for HF. Ivabradine is devoid
of a negative inotropic effect and also does not share the
blood-pressure-lowering  effects of [-blockers, renin-
angiotensin-aldosterone system (RAAS) blockers. Thus,
treatment with Ivabradine might be relatively manageable
due to fewer chances of adverse effects in the days or weeks
following hospitalization [31].

3.4. Guideline Recommendations in HFrEF

The ESC 2021 and 2022 American HF guidelines have
recommended Ivabradine for patients with symptomatic sta-
ble chronic HFrEF in sinus rhythm whose HR is >70 bpm
and who are on maximum tolerated dose of B-blockers and
other guideline-directed medical therapies (GDMT) [27, 32].
Similarly, the American College of Cardiology (ACC) 2021
consensus decision pathway for HFrEF recommends a 2.5-
5mg twice-daily dosage of Ivabradine in patients with
HFrEF (EF <35%) having sinus rhythm with RHR >70 bpm
despite maximally tolerated B-blocker dose with NYHA
class II or III symptoms [33]. Moreover, the Heart Failure
Association of ESC in the 2021 consensus document has
provided HFTEF patient profiles suitable for Ivabradine use
which include patients with low blood pressure (BP) and
high HR >70 bpm; patients with low BP and HR 60-70 bpm;
patients with normal BP and high HR >70 bpm [27]. These
HFTrEF patient profiles need to be treated with target [-
blocker doses before initiating Ivabradine.

Key Consensus Recommendations 2

Benefits of HR reduction in patients with CCS and HFrEF and role
of Ivabradine

. High RHR is often treated with B-blockers, Ivabradine or a com-
bination of both, depending upon the tolerance of the patients or
the presence of any contraindications to B-blockers in patients
with CCS and HFrEF.

. Ivabradine has remarkable HR-lowering properties and is not as-
sociated with negative inotropic effects or hypotension.

. Ivabradine is a useful add on to first-line antianginal agents in
patients with CCS and in patients with HFrEF who are on guide-
line-recommended/maximally tolerated doses of B-blockers and
having sinus rates >70/min.

. Ivabradine can also be used for reducing HR in CCS and HFrEF
patients who have contraindications for using B-blockers like
asthma and chronic obstructive pulmonary disease.

. Ivabradine is indicated to reduce the heart rate in patients with
HFrEF having low BP with high HR where B-blocker up-titration
is not possible.

. In elderly patients, a lower dose of Ivabradine 2.5 mg can be con-
sidered to reduce the risk of bradycardia.

4. ACHIEVING TARGET HR: UNMET NEED IN CCS
AND HFrEF

Similar to the targets given for BP management various
guidelines have also provided targets for HR to be achieved
in the management of CCS and HFrEF. The ACC 2021 ex-

100

€200323214735

Mohan et al.

pert consensus decision pathway suggested titration of
Ivabradine to an HR of 50-60 bpm in patients with HFrEF
[33]. In the settings of CCS, the ESC 2019 guidelines sug-
gest an HR goal of 55-60 bpm [3]. Achieving these target
HR goals is important in the management of patients with
CCS and HFrEF. However, evidence from multiple studies
suggests that the target HR is not achieved in the majority of
patients with CCS or HFrEF even after receiving guideline-
recommended therapy at optimal doses. The contributing
factors for this unmet need of achieving target HR with
available therapies may include inadequate attention to HR
as a modifiable treatment target, physician’s inertia to up-
titrate HR modulating treatments or the addition of other
promising anti-anginal agents due to the fear of side effects
[15]. Observations from Euro Heart Survey showed that
more than half of the patient population had baseline HR
>70 bpm and of these, around 40% of patients receiving [3-
blockers had RHR >70 bpm [15]. Similar trends were ob-
served among patients included in the CLARIFY (prospeC-
tive observational LongitudinAl Reglstry oF patients with
stable coronary artery disease) registry wherein 41% of pa-
tients receiving B-blockers had an HR >70 bpm [34, 35]. The
scenario of HR management among CCS patients in India is
even more worrying, with the average HR at baseline being
significantly greater (76.1 vs. 68.0 bpm), the prevalence of
HR >70 bpm higher (82.2% vs. 48.5%) and a very low pro-
portion of patients achieving HR goal <60 bpm (2.5% vs.
22.9%) as compared to western cohorts [35]. Similar trends
were observed in the Asian HF registry wherein Asians, in-
cluding Indian patients, demonstrated a high average RHR
(Asian population - 80 bpm and Indian population - 81 bpm)
[36]. A study by Rao et al. has also reported a mean HR of
96 bpm at baseline among patients with systolic HF [37].
For achieving the desired HR goals, it is important to opti-
mize the doses of HR-lowering agents, especially -
blockers, at the maximum tolerated doses. However, land-
mark trials and subsequent observational studies assessing 3-
blockers in patients with HFrEF showed low rates of patients
achieving maximally tolerated target dose of [-blockers.
Moreover, the study suggested a need for optimal dose titra-
tion of B-blockers to maintain optimal HR [38]. In a real-
world study, sub optimal B-blocker dosage was attributed to
the prevalent predictors of lower usage commonly witnessed
in non-trial settings like low BP, presence of chronic ob-
structive pulmonary disease and older age. In the same
study, there was also a significant proportion of patients hav-
ing elevated HR despite being on guideline-directed f-
blocker dose [39]. Also, in the post-discharge settings, the
OPTIMIZE-HF (Organized Program to Initiate Lifesaving
Treatment in Hospitalized Patients with Heart Failure) regis-
try has reported a high mean HR (76 bpm) at the time of
discharge among patients hospitalized with HF, in spite of a
major proportion of the population being on -blocker thera-
py. In addition, patients receiving P-blocker doses in the
range of 50-99% of the target doses had high HR at dis-
charge [40]. Similarly, the Norwegian Heart Failure Registry
reported that a high proportion of patients who had an HR
>70 bpm were not treated with or/did not tolerate the target
dose of B-blockers. The study additionally suggested that
increased efforts should be made to further increase the p-
blocker dose and treatment with Ivabradine could be consid-
ered among patients with an HR >70 bpm [41]. It is also im-
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portant to understand the relationship between achieving f3-
blocker dose vs. achieving HR targets. The OBTAIN (Out-
comes of Beta-Blocker Therapy After MI) registry reported
the impact of different doses of B-blocker on one-year post-
MI survival in real-world settings wherein patients receiving
>12.5% to 25% of the target dose had improved survival
outcomes compared with those receiving no f-blockers and
other B-blocker dose targets (>0% to 12.5%, >25%-50%,
>50%) [42]. In another study where the relationship between
HF mortality and B-blocker dose and RHR reported that
RHR at visit 2 has independently improved prognosis but f3-
blocker dose did not. Moreover, the study demonstrated that
in patients with an HR of 58-64 bpm, the prognosis was bet-
ter as compared to those with an HR of >65 bpm [43]. Thus,
although achieving the target B-blocker dose is important
focusing also on achieving the target HR would be a promis-
ing approach to improve outcomes in patients with CCS and
HFrEF.

Key Consensus Recommendations 3

HR targets to be achieved and management options in CCS and
HFrEF

. In CCS patients, one should try to achieve an HR target of 55-60
bpm with the help of HR-lowering agents like B-blockers, calcium
channel blockers and Ivabradine.

. In HFrEF patients, to maintain the cardiac output in the desired
range, a higher HR target of 55-65 bpm should be considered with
the help of HR-lowering agents like -blockers and Ivabradine.

. Ideally, in HFTEF patients, the first choice of treatment for HR
lowering should be [-blockers up-titrated to guideline-
recommended/maximally tolerated doses.

. If B-blockers are not tolerated or there are contraindications for their

use, in such cases of HFrEF Ivabradine should be preferred.

5. IVABRADINE/B-BLOCKER COMBINATION FOR
HR MANAGEMENT

Combination therapy has the advantage of better adher-
ence to treatment, and reduced cost. Several previous studies
have confirmed that fixed-dose combinations (FDCs) im-
proved BP and cholesterol with similar rates of adverse
events compared to individual components of drugs [44].
Additionally, FDCs in hypertension have been shown to
reduce the risk of hospitalization with better treatment effi-
cacy and greater BP reduction with a lower risk of CVD
[45]. The Trivandrum Heart Failure Registry has also sug-
gested that the use of combination therapy may help in better
GDMT initiation and long-term adherence among patients
with HFrEF [5]. In such scenario, FDC of Ivabradine and -
blockers may be particularly beneficial. Ivabradine acts on
the hyperpolarization-activated cyclic nucleotide-gated
channels and B-blockers reduce the sympathetic tones; there-
fore a combination of both these drugs can help to achieve
better HR reduction than individual agents. A combination
therapy of Ivabradine and B-blocker in small doses can be
quite useful. The rationale for combining PB-blockers and
Ivabradine is that their cardiac actions are synergic and not
limited to sinus node. Combining a fB-blocker with Ivabra-
dine can improve myocardial perfusion both at rest and dur-
ing exercise which is associated with increased stroke vol-
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ume and maintenance of cardiac output. Thus, Ivabradine
perfectly complements the action of B-blockers (Fig. 1) [46,
47]. Ivabradine is available as a FDC with metoprolol and
carvedilol in India. Ivabradine/metoprolol FDC is indicated
as substitution therapy for the symptomatic treatment of
chronic stable angina with normal sinus rhythm who were
already controlled on metoprolol and Ivabradine. Ivabra-
dine/carvedilol FDC is indicated as substituted therapy in
adult patients with normal sinus rhythm already controlled
by Ivabradine and carvedilol taken concomitantly at the
same doses level for the symptomatic treatment of chronic
stable angina pectoris in CAD patients and for the treatment
of chronic HF (NYHA class II-IV) with systolic dysfunction.

5.1. Clinical Evidence of Ivabradine/p-Blocker Combina-
tion in CCS

Evidence from various clinical trials supports the benefits
of using a combination therapy of Ivabradine and B-blockers
in the management of HR among patients with CCS [23].
Glezer et al. reported an effective reduction of HR and im-
provement in clinical outcomes, including a higher propor-
tion of patients being angina-free with Ivabradine/p-blocker
combination therapy as compared to B-blocker up-titration
among patients with CAD [48]. Additionally, this combina-
tion showed good tolerability, safety and more pronounced
clinical improvement in comparison to -blocker up-titration
[48]. Observations from another trial reported an effective
reduction of HR, anginal attacks and nitrate use along with
the enhanced quality of life (QOL) in patients with stable
angina receiving Ivabradine/B-blocker combination therapy
[49]. Furthermore, FDC of Ivabradine/metoprolol adminis-
tered twice-daily over a period of 4-months was found bene-
ficial in the reduction of HR, angina symptoms and im-
proved Canadian Cardiovascular Society (CCS) score, main-
ly attributable to the increased medication adherence among
patients with stable angina [50]. The benefits seen with this
combination were regardless of age, CAD duration, CCS
class, comorbidities, previous MI or history of revasculariza-
tion [51]. Another study by Tardiff et al. showed that a com-
bination of Ivabradine and B-blocker in patients with ischem-
ic heart disease is more effective in improving exercise tol-
erance [52]. Similarly, a combination of Ivabradine and bi-
soprolol reduced angina symptom scores and improved ejec-
tion fraction in patients with stable angina when compared
with bisoprolol alone [53]. Collectively, these evidences
suggest that Ivabradine in combination with B-blockers is
efficacious and well tolerated in CCS with the FDC provid-
ing an additional benefit of improving adherence.

5.2. Clinical Evidence of Ivabradine/p-Blocker Combina-
tion in HFrEF

As seen in CCS, clinical evidence from several studies
has demonstrated the efficacy and safety of Ivabradine/p-
blocker combination among patients with HFrEF. In a post-
hoc analysis of the SHIFT study, the subgroup of patients
receiving carvedilol with Ivabradine demonstrated improve-
ments in CV outcomes and was found safe in HFrEF patients
with an RHR >70 bpm [54]. In a study evaluating the effect
of early treatment with Ivabradine combined with B-blockers
vs. B-blockers alone in patients hospitalized with HFrEF
(ETHIC-AHF), Ivabradine/B-blocker combination therapy
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Fig. (1). Synergic and complementary actions of Ivabradine and B-blocker Adapted from: Katsi et al [46] and Volterrani ez al [47].
HR: heart rate, BP: blood pressure, RAAS: renin-angiotensin-aldosterone system, LVED: left ventricular end-diastolic, LVES: left ventricular end-systolic. (4
higher resolution / colour version of this figure is available in the electronic copy of the article).

demonstrated a significant reduction in HR, more proportion
of patients achieving HR <70 bpm with improvement in
LVEF at 12 months compared to those receiving B-blockers
alone [55]. Furthermore, in the OPTIMIZE-HF program,
combination therapy of B-blocker and Ivabradine started in
hospitalized patients with HF resulted in 55% reduced risk of
overall mortality and re-hospitalization and helped to
achieve the target B-blocker dose [56]. In another study,
chronic HFrEF patients treated with a combination of
Ivabradine/carvedilol resulted in lower RHR, better exercise
capacity and achieved higher doses of B-blocker more rapid-
ly than patients without Ivabradine [57]. The CARVIVA-HF
(CARVedilol, Ivabradine or their Combination on Exercise
Capacity in Patients with Heart Failure) trial has demonstrat-
ed that the combination of carvedilol and Ivabradine im-
proved exercise tolerance and QOL after 12 weeks of treat-
ment [58]. Those patients who either fail to achieve a signifi-
cant reduction in HR with B-blockers, decreased exercise
capacity or with intolerance to higher doses of B-blockers
will be ideal candidates for the addition of Ivabradine [59].
The FDC of Ivabradine/B-blocker can further help in reduc-
ing pill burden and improve adherence among HFrEF pa-
tients who are already fraught with polypharmacy [60].

Key Consensus Recommendations 4

Role of Ivabradine/f}-blocker combination in CCS and HFrEF

. Ivabradine in combination with B-blockers effectively lowers HR
and can exert other beneficial effects on the myocardium which are

synergic and complementary to -blockers.

. FDC therapy can help to reduce pill burden, improve compliance
with less chances of prescription errors and adverse effects.

. A FDC of Ivabradine and B-blocker can be initiated in adult patients
with normal sinus rhythm as substitution therapy who are already
receiving and their HR is controlled with both the agents given in-
dividually.
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. It is not recommended to use Ivabradine plus B-blockers FDC as a
first-line treatment. A clinician should titrate the dose of B-blockers
and Ivabradine individually and once the patient is stable then
should opt for combination therapy.

. In patients receiving stable doses of Ivabradine and B-blockers other
than metoprolol and carvedilol, prolonged release Ivabradine can be
used in place of Ivabradine immediate-release formulation.

. In stabilized HFTEF patients with high HR at the time of discharge,

Ivabradine and B-blocker can be co-administered and further up-
titration can be done with careful monitoring of HR.

6. PROPOSED CONSENSUS ALGORITHMS

The comprehensive discussions between panel experts in
all the meetings highlight the promising role of Ivabradine
and its combination with B-blockers among patients with
CCS and HFrEF. Based on the available evidence and guide-
line recommendations, this expert group has devised two
algorithms that will help the treating physician to choose an
appropriate Ivabradine-based therapy for managing patients
with CCS (Fig. 2) and HFrEF (Fig. 3) in their day-to-day
clinical practice.

CONCLUSION

Heart rate is an important risk marker as well as a risk
factor for CVD and its modulation can help to improve CV
outcomes. A significant proportion of Indian patients with
CCS and HFrEF have high RHR despite using B-blocker.
Moreover, the up-titration of B-blockers to higher doses in
patients with CCS and HFrEF may not always be achieved,
mainly due to intolerance. Ivabradine is a well-established
add on therapy available as twice-daily and once-daily pro-
longed release formulation which significantly reduces HR
and exerts other beneficial effects on the myocardium. The
combination of Ivabradine/B-blocker provides synergistic
and complimentary effects in CCS and HFrEF thereby



Expert Consensus on Ivabradine-based Therapy for Heart Rate Management €200323214735 Current Cardiology Reviews, 2023, Vol. 19, No. 5

Patient with symptomatic CAD and HR >60 bpm on
maximally tolerated BB dose in sinus rhythm

¥

v
Add Ivabradine 5 mg BD and reassess HR in 4 weeks]
\
A \ Vv

HR <55 bpm or
symptoms of bradycardia

N N Y

Reduce dose by 2.5 mg Maintain current dose Increase dose by 2.5 mg
and monitor HR or discontinue and monitor HR until HR upto 7.5 mg BD and monitor
if already on 2.5 mg ) is stabilized HR until HR is stabilized
Y 2
Once HR is stabilized Once HR is stabilized
. ——
v v v v
Vv Vv Vv Vv
If adherence is an issue  If adherence is an issue If adherence is an issue  If adherence is an issue
v L, 4 v L 4
Shift to Ivabradine 5 mg + Shift to Ivabradine 10 mg Shift to Ivabradine 7.5 mg + Shift to Ivabradine 15 mg
Metoprolol/Carvedilol FDC 0D + BB Metoprolol/Carvedilol FDC 0D + BB
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significantly reducing HR, and improve QOL with FDC hav-

ing the potential to reduce pill burden and improve adher-
ence.

LIST OF ABBREVIATIONS

HR = Heart Rate

HFrEF = Heart Failure with Reduced Ejection Fraction
BB = pB-Blocker

BD = Twice-Daily

OD = Once-Daily

FDC = Fixed-Dose Combination

CONSENT FOR PUBLICATION
Not Applicable.

FUNDING

This initiative was funded by Lupin Limited, India.

CONFLICT OF INTEREST

Vivek Kolapkar, R V Lokesh Kumar and Kamlesh Patel
are employees of Lupin Limited, India. All other authors
have nothing to disclose.

ACKNOWLEDGEMENTS

Authors thank Tejal Vedak of Sqarona Medical Commu-
nications LLP for medical writing assistance which was
funded by Lupin Limited.

REFERENCES

[1] Roth GA, Mensah GA, Johnson CO, et al. Global burden of cardi-
ovascular diseases and risk factors, 1990-2019. J Am Coll Cardiol
2020; 76(25): 2982-3021.
http://dx.doi.org/10.1016/j.jacc.2020.11.010 PMID: 33309175

[2] Sreeniwas KA, Sinha N. Cardiovascular disease in India: A 360
degree overview. Med J Armed Forces India 2020; 76(1): 1-3.
http://dx.doi.org/10.1016/j.mjafi.2019.12.005 PMID: 32020960

[3] Knuuti J, Wijns W, Saraste A, et al. 2019 ESC Guidelines for the
diagnosis and management of chronic coronary syndromes. Eur
Heart J 2020; 41(3): 407-77.
http://dx.doi.org/10.1093/eurheartj/ehz425 PMID: 31504439

[4] Groenewegen A, Rutten FH, Mosterd A, Hoes AW. Epidemiology
of heart failure. Eur J Heart Fail 2020; 22(8): 1342-56.
http://dx.doi.org/10.1002/ejht. 1858 PMID: 32483830

[5] Harikrishnan S, Jeemon P, Ganapathi S, et al. Five-year mortality
and readmission rates in patients with heart failure in India: Results
from the Trivandrum heart failure registry. Int J Cardiol 2021; 326:

139-43.
http://dx.doi.org/10.1016/j.ijcard.2020.10.012 PMID: 33049297

[6] Jensen MT. Resting heart rate and relation to disease and longevi-
ty: past, present and future. Scand J Clin Lab Invest 2019; 79(1-2):
108-16.
http://dx.doi.org/10.1080/00365513.2019.1566567 PMID:
30761923

[7] Benetos A, Rudnichi A, Thomas F, Safar M, Guize L. Influence of
heart rate on mortality in a French population: role of age, gender,
and blood pressure. Hypertension 1999; 33(1): 44-52.
http://dx.doi.org/10.1161/01.HYP.33.1.44 PMID: 9931080

[8] Jouven X, Zureik M, Desnos M, Guérot C, Ducimetié¢re P. Resting
heart rate as a predictive risk factor for sudden death in middle-
aged men. Cardiovasc Res 2001; 50(2): 373-8.

104

€200323214735

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Mohan et al.

http://dx.doi.org/10.1016/S0008-6363(01)00230-9
11334841

Hamill V, Ford I, Fox K, et al. Repeated heart rate measurement
and cardiovascular outcomes in left ventricular systolic dysfunc-
tion. Am J Med 2015; 128(10): 1102-1108.¢6.
http://dx.doi.org/10.1016/j.amjmed.2015.04.042 PMID: 26044936
Kaul U, Wander GS, Sinha N, ef al. Self-blood pressure measure-
ment as compared to office blood pressure measurement in a large
Indian population; the India Heart Study. J Hypertens 2020; 38(7):
1262-70.
http://dx.doi.org/10.1097/HJH.0000000000002410
32195821

Rao D, Balagopalan JP, Sharma A, Chauhan VC, Jhala D. BEAT
survey: A cross-sectional study of resting heart rate in young (18-
55 Year) hypertensive patients. J Assoc Physicians India 2015;
63(5): 14-7. PMID: 26591139

Sengupta SP, Burkule N, Bansal M, ef a/. Normative values of
cardiac chamber dimensions and global longitudinal strain in Indi-
ans: The Indian normative data of echocardiography analyzed (IN-
DEA) study. Int J Cardiovasc Imaging 2021; 37(3): 871-80.
http://dx.doi.org/10.1007/s10554-020-02060-8 PMID: 33047178
Padmanabhan TNC, Dani S, Chopra VK, Guha S, Vasnawala H,
Ammar R. Prevalence of sympathetic overactivity in hypertensive
patients — A pan India, non-interventional, cross sectional study.
Indian Heart J 2014; 66(6): 686-90.
http://dx.doi.org/10.1016/j.ihj.2014.10.421 PMID: 25634406

Aune D, Sen A, 6’Hartaigh B, et al. Resting heart rate and the risk
of cardiovascular disease, total cancer, and all-cause mortality — A
systematic review and dose-response meta-analysis of prospective
studies. Nutr Metab Cardiovasc Dis 2017; 27(6): 504-17.
http://dx.doi.org/10.1016/j.numecd.2017.04.004 PMID: 28552551
Daly CA, Clemens F, Lopez Sendon JL, et al. Inadequate control
of heart rate in patients with stable angina: Results from the Euro-
pean Heart Survey. Postgrad Med J 2010; 86(1014): 212-7.
http://dx.doi.org/10.1136/pgm;j.2009.084384 PMID: 20354044

Fox K, Ford I, Steg PG, Tendera M, Robertson M, Ferrari R. Heart
rate as a prognostic risk factor in patients with coronary artery dis-
ease and left-ventricular systolic dysfunction (BEAUTIFUL): A
subgroup analysis of a randomised controlled trial. Lancet 2008;
372(9641): 817-21.
http://dx.doi.org/10.1016/S0140-6736(08)61171-X PMID: 18757091
Kurgansky KE, Schubert P, Parker R, et al. Association of pulse
rate with outcomes in heart failure with reduced ejection fraction:
A retrospective cohort study. BMC Cardiovasc Disord 2020; 20(1):
92.

http://dx.doi.org/10.1186/s12872-020-01384-6 PMID: 32101141
Habal MV, Liu PP, Austin PC, et al. Association of heart rate at
hospital discharge with mortality and hospitalizations in patients
with heart failure. Circ Heart Fail 2014; 7(1): 12-20.
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.113.000429
PMID: 24297690

Ferrari R, Fox K. Heart rate reduction in coronary artery disease
and heart failure. Nat Rev Cardiol 2016; 13(8): 493-501.
http://dx.doi.org/10.1038/nrcardio.2016.84 PMID: 27226153
Koruth JS, Lala A, Pinney S, Reddy VY, Dukkipati SR. The clini-
cal use of ivabradine. J Am Coll Cardiol 2017; 70(14): 1777-84.
http://dx.doi.org/10.1016/j.jacc.2017.08.038 PMID: 28958335

Tse S, Mazzola N. Ivabradine (Corlanor) for heart failure: The first
selective and specific I f Inhibitor. P&T 2015; 40(12): 810-4.
PMID: 26681903

Mullasari A, Mahajan A, Chanana BB, et al. Efficacy and safety of
ivabradine once-daily prolonged-release versus twice-daily imme-
diate-release formulation in patients with stable chronic heart fail-
ure with systolic dysfunction: A randomized, double-blind, phase 3
non-inferiority (PROFICIENT) study. Cardiol Ther 2020; 9(2):
505-21.

http://dx.doi.org/10.1007/s40119-020-00200-8 PMID: 33006062
Kaski JC, Gloekler S, Ferrari R, ef al. Role of ivabradine in man-
agement of stable angina in patients with different clinical profiles.
Open Heart 2018; 5(1): e000725.
http://dx.doi.org/10.1136/openhrt-2017-000725 PMID: 29632676
Fox K, Ford I, Steg PG, Tendera M, Robertson M, Ferrari R. Rela-
tionship between ivabradine treatment and cardiovascular out-
comes in patients with stable coronary artery disease and left ven-

PMID:

PMID:



Expert Consensus on Ivabradine-based Therapy for Heart Rate Management

(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

tricular systolic dysfunction with limiting angina: A subgroup
analysis of the randomized, controlled BEAUTIFUL trial. Eur
Heart J 2009; 30(19): 2337-45.
http://dx.doi.org/10.1093/eurheartj/ehp358 PMID: 19720635

Fox K, Ford I, Steg PG, Tardif JC, Tendera M, Ferrari R. Ivabra-
dine in stable coronary artery disease without clinical heart failure.
N Engl J Med 2014; 371(12): 1091-9.
http://dx.doi.org/10.1056/NEJMoa1406430 PMID: 25176136
Giavarini A, de Silva R. The role of ivabradine in the management
of angina pectoris. Cardiovasc Drugs Ther 2016; 30(4): 407-17.
http://dx.doi.org/10.1007/s10557-016-6678-x PMID: 27475447
McDonagh TA, Metra M, Adamo M, et al. 2021 ESC guidelines
for the diagnosis and treatment of acute and chronic heart failure.
Eur Heart J 2021; 42(36): 3599-726.
http://dx.doi.org/10.1093/eurheartj/ehab368 PMID: 34447992
Swedberg K, Komajda M, Bohm M, et al. Ivabradine and out-
comes in chronic heart failure (SHIFT): A randomised placebo-
controlled study. Lancet 2010; 376(9744): 875-85.
http://dx.doi.org/10.1016/S0140-6736(10)61198-1 PMID: 20801500
Swedberg K, Komajda M, Béhm M, et al. Effects on outcomes of
heart rate reduction by ivabradine in patients with congestive heart
failure: is there an influence of beta-blocker dose?: Findings from
the SHIFT (Systolic Heart failure treatment with the I(f) inhibitor
ivabradine Trial) study. J Am Coll Cardiol 2012; 59(22): 1938-45.
http://dx.doi.org/10.1016/j.jacc.2012.01.020 PMID: 22617188
Borer JS, Bshm M, Ford I, et al. Effect of ivabradine on recurrent
hospitalization for worsening heart failure in patients with chronic
systolic heart failure: the SHIFT Study. Eur Heart J 2012; 33(22):
2813-20.

http://dx.doi.org/10.1093/eurheartj/echs259 PMID: 22927555
Komajda M, Tavazzi L, Swedberg K, et al. Chronic exposure to
ivabradine reduces readmissions in the vulnerable phase after hos-
pitalization for worsening systolic heart failure: A post-hoc analy-
sis of SHIFT. Eur J Heart Fail 2016; 18(9): 1182-9.
http://dx.doi.org/10.1002/ejhf.582 PMID: 27210035

Heidenreich PA, Bozkurt B, Aguilar D, er al 2022
AHA/ACC/HFSA guideline for the management of heart failure: A
report of the american college of cardiology/american heart associ-
ation joint committee on clinical practice guidelines. Circulation
2022; 145(18): €895-¢1032.
http://dx.doi.org/10.1161/CIR.0000000000001063 PMID: 35363499
Maddox TM, Januzzi JL Jr, Allen LA, et al. 2021 update to the
2017 ACC expert consensus decision pathway for optimization of
heart failure treatment: answers to 10 pivotal issues about heart
failure with reduced ejection fraction. J Am Coll Cardiol 2021;
77(6): 772-810.

http://dx.doi.org/10.1016/j.jacc.2020.11.022 PMID: 33446410

Steg PG, Ferrari R, Ford I, et al. Heart rate and use of beta-
blockers in stable outpatients with coronary artery disease. PLoS
One 2012; 7(5): e36284.
http://dx.doi.org/10.1371/journal.pone.0036284 PMID: 22570699
KauL U, Natrajan S, Dalal J, Saran RK. Prevalence and control of
cardiovascular risk factors in stable coronary artery outpatients in
India compared with the rest of the world: An analysis from inter-
national CLARIFY registry. Indian Heart J 2017; 69(4): 447-52.
http://dx.doi.org/10.1016/j.ihj.2017.05.014 PMID: 28822509

Lam CSP, Teng THK, Tay WT, et al. Regional and ethnic differ-
ences among patients with heart failure in Asia: the Asian sudden
cardiac death in heart failure registry. Eur Heart J 2016; 37(41):
3141-53.

http://dx.doi.org/10.1093/eurheartj/ehw331 PMID: 27502121

Rao MS, Mandal S. Epidemiologic surveillance on quality of life in
patients with systolic heart failure after treatment with the selective
heart rate inhibitor ivabradine. J Pract Cardiovasc Sci 2017; 3(2): 100-2.
http://dx.doi.org/10.4103/jpcs.jpcs_8 17

Bhatt AS, DeVore AD, DeWald TA, Swedberg K, Mentz RJ.
Achieving a maximally tolerated B-blocker dose in heart failure pa-
tients. J Am Coll Cardiol 2017; 69(20): 2542-50.
http://dx.doi.org/10.1016/j.jacc.2017.03.563 PMID: 28521892
Ibrahim NE, Gaggin HK, Turchin A, et al. Heart rate, beta-blocker
use, and outcomes of heart failure with reduced ejection fraction.
Eur Heart J Cardiovasc Pharmacother 2019; 5(1): 3-11.
http://dx.doi.org/10.1093/ehjcvp/pvy011 PMID: 29490032

€200323214735

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Current Cardiology Reviews, 2023, Vol. 19, No. 5

DeVore AD, Mi X, Mentz RJ, et al. Discharge heart rate and f-
blocker dose in patients hospitalized with heart failure: Findings
from the OPTIMIZE-HF registry. Am Heart J 2016; 173: 172-8.
http://dx.doi.org/10.1016/j.ahj.2015.10.026 PMID: 26920611
Eriksen-Volnes T, Westheim A, Gullestad L, Slind EK, Grundtvig
M. B-blocker doses and heart rate in patients with heart failure: Re-
sults from the national norwegian heart failure registry. Biomed
Hub 2020; 5(1): 1-10.

http://dx.doi.org/10.1159/000505474 PMID: 32775329

Goldberger JJ, Subacius H, Marroquin OC, ef al. One-year land-
mark analysis of the effect of beta-blocker dose on survival after
acute myocardial infarction. J Am Heart Assoc 2021; 10(14):
¢019017.

http://dx.doi.org/10.1161/JAHA.120.019017 PMID: 34227397
Cullington D, Goode KM, Clark AL, Cleland JGF. Heart rate
achieved or beta-blocker dose in patients with chronic heart failure:
Which is the better target? Eur J Heart Fail 2012; 14(7): 737-47.
http://dx.doi.org/10.1093/eurjhf/hfs060 PMID: 22622001

Webster R, Murphy A, Bygrave H, Ansbro E, Grobbee DE, Perel
P. Implementing fixed dose combination medications for the pre-
vention and control of cardiovascular diseases. Glob Heart 2020;
15(1): 57.

http://dx.doi.org/10.5334/gh.860 PMID: 32923350

Rea F, Corrao G, Merlino L, Mancia G. Early cardiovascular pro-
tection by initial two-drug fixed-dose combination treatment vs.
monotherapy in hypertension. Eur Heart J 2018; 39(40): 3654-61.
http://dx.doi.org/10.1093/eurheartj/ehy420 PMID: 30060044

Katsi V, Skalis G, Kallistratos MS, et al. Ivabradine and metopro-
lol in fixed dose combination: When, why and how to use it. Phar-
macol Res 2019; 146: 104279.
http://dx.doi.org/10.1016/j.phrs.2019.104279 PMID: 31108185
Volterrani M, Iellamo F. Complementary and synergic role of
combined beta-blockers and ivabradine in patients with chronic
heart failure and depressed systolic function: A new therapeutic op-
tion? Card Fail Rev 2016; 2(2): 130-6.
http://dx.doi.org/10.15420/cfr.2016:12:1 PMID: 28785467

Glezer M, Vasyuk Y, Karpov Y. Efficacy of ivabradine in combi-
nation with beta-blockers versus uptitration of beta-blockers in pa-
tients with stable angina (CONTROL-2 Study). Adv Ther 2018;
35(3): 341-52.

http://dx.doi.org/10.1007/s12325-018-0681-5 PMID: 29508153
Werdan K, Ebelt H, Nuding S, Hopfner F, Hack G, Miiller-Werdan
U. Ivabradine in combination with beta-blocker improves symp-
toms and quality of life in patients with stable angina pectoris: Re-
sults from the ADDITIONS study. Clin Res Cardiol 2012; 101(5):
365-73.

http://dx.doi.org/10.1007/s00392-011-0402-4 PMID: 22231643
Divchev D, Stockl G. Treatment of stable angina with a new fixed-dose
combination of ivabradine and metoprolol: Effectiveness and tolerabil-
ity in routine clinical practice. Cardiol Ther 2017; 6(2): 239-49.
http://dx.doi.org/10.1007/s40119-017-0099-1 PMID: 29116618
Divchev D, Stockl G. Effectiveness and impact on adherence of a
new fixed-dose combination of ivabradine and metoprolol in a
wide range of stable angina patients in real-life practice. Cardiol
Ther 2019; 8(2): 317-28.
http://dx.doi.org/10.1007/s40119-019-00145-7 PMID: 31410662
Tardif JC, Ponikowski P, Kahan T. Effects of ivabradine in patients
with stable angina receiving p-blockers according to baseline heart
rate: an analysis of the ASSOCIATE study. Int J Cardiol 2013;
168(2): 789-94.

http://dx.doi.org/10.1016/j.ijcard.2012.10.011 PMID: 23138014
Amosova E, Andrejev E, Zaderey I, Rudenko U, Ceconi C, Ferrari
R. Efficacy of ivabradine in combination with Beta-blocker versus
uptitration of Beta-blocker in patients with stable angina. Cardio-
vasc Drugs Ther 2011; 25(6): 531-7.
http://dx.doi.org/10.1007/s10557-011-6327-3 PMID: 21830063
Bocchi EA, Bohm M, Borer JS, ef al. Effect of combining ivabra-
dine and B-blockers: Focus on the use of carvedilol in the shift
population. Cardiology 2015; 131(4): 218-24.
http://dx.doi.org/10.1159/000380812 PMID: 25968495

Hidalgo FJ, Carrasco F, Castillo JC, et al. Early therapy with beta
blockers plus ivabradine versus beta blockers alone in patients hos-
pitalised with heart failure and reduced ejection fraction (ETHIC-

105



Current Cardiology Reviews, 2023, Vol. 19, No. 5

[56]

[57]

106

AHF Study): Results at one-year follow-up. Int J Clin Cardiol
2017; 4: 093.

http://dx.doi.org/10.23937/2378-2951/1410093

Lopatin YM, Cowie MR, Grebennikova AA, ef al. Optimization of
heart rate lowering therapy in hospitalized patients with heart fail-
ure: insights from the optimize heart failure care program. Int J
Cardiol 2018; 260: 113-7.
http://dx.doi.org/10.1016/j.ijcard.2017.12.093 PMID: 29622423
Bagriy AE, Schukina EV, Samoilova OV, et al. Addition of
ivabradine to B-blocker improves exercise capacity in systolic heart
failure patients in a prospective, open-label study. Adv Ther 2015;
32(2): 108-19.

http://dx.doi.org/10.1007/s12325-015-0185-5 PMID: 25700807

€200323214735

[58]

[59]

[60]

Mohan et al.

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;
151(2): 218-24.

http://dx.doi.org/10.1016/j.ijcard.2011.06.098 PMID: 21764469
Zugck C, Martinka P, Stockl G. Ivabradine treatment in a chronic
heart failure patient cohort: Smptom reduction and improvement in
quality of life in clinical practice. Adv Ther 2014; 31(9): 961-74.
http://dx.doi.org/10.1007/s12325-014-0147-3 PMID: 25160945
Bhatt AS, Choudhry NK. Evidence-based prescribing and
polypharmacy for patients with heart failure. Ann Intern Med 2021;
174(8): 1165-6.

http://dx.doi.org/10.7326/M21-1427 PMID: 34181442



	Expert Consensus on Ivabradine-based Therapy for Heart Rate Managementin Chronic Coronary Syndrome and Heart Failure with Reduced EjectionFraction in India
	Abstract:
	1. INTRODUCTION
	2. SIGNIFICANCE OF HEART RATE MODULATIONIN CVD
	3. ROLE OF IVABRADINE AS AN HR MODULATINGAGENT IN CCS AND HFREF
	4. ACHIEVING TARGET HR: UNMET NEED IN CCSAND HFrEF
	5. IVABRADINE/Β-BLOCKER COMBINATION FORHR MANAGEMENT
	Fig. (1).
	6. PROPOSED CONSENSUS ALGORITHMS
	CONCLUSION
	Fig. (2).
	Fig. (3).
	LIST OF ABBREVIATIONS
	CONSENT FOR PUBLICATION
	FUNDING
	CONFLICT OF INTEREST
	ACKNOWLEDGEMENTS
	REFERENCES



