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ABSTRACT

Introduction: Dosing frequency is an important
factor influencing medication compliance in
patients with heart failure (HF), which in turn is
imperative in achieving the desired therapeutic
outcome. Here we assessed the efficacy and safety
of ivabradine prolonged-release (PR) once-daily
(test) vs. ivabradine immediate-release (IR) twice-
daily (reference) formulations in patients with
stable chronic HF with systolic dysfunction.
Methods: Patients with sinus rhythm and heart
rate (HR) C 50 bpm, left ventricular ejection
fraction B 40% (HF with reduced ejection frac-
tion), on guideline-based standard care, receiv-
ing a stable dose of ivabradine IR 5/7.5 mg twice
daily for C 1 month were enrolled in this ran-
domized, double-blind, phase 3 non-inferiority
study. Patients were randomly assigned 1:1 to
ivabradine PR (10 mg/15 mg) based on the
ivabradine IR dosage or continued ivabradine IR
(5 mg/7.5 mg). The primary endpoint was
change in resting ECG HR from baseline to the

end of 3 months, assessed by 12-lead ECG.
Safety assessments and 24-h Holter HR moni-
toring (in a subgroup of patients) were also
performed. Non-inferiority was concluded if the
upper limit of the 95% CI of the difference
between the test and reference was less than the
margin of 6.5 bpm in the per-protocol set.
Results: A total of 169 out of 180 randomized
patients (93.9%) completed the study (PR = 84;
IR = 85). The least-square mean (standard error
[SE]) for change in HR from baseline to 3 months
was 0.76 (1.188; 95%CI-1.59:3.11) in ivabradine
PR vs. ivabradine IR, which was within the pre-
specifiedmargin of 6.5 bpm, confirming the non-
inferiority of ivabradine PR. The change from
baseline to 3 months was comparable between
the treatment groups for 24-h Holter ECG moni-
toring (p = 0.3701),meanHR awake (p = 0.3423),
and mean HR asleep (p = 0.1501). Thirty-nine
treatment-emergent adverse events (TEAEs) were
reported; themajority inbothgroupswereofmild
or moderate severity and were subsequently
resolved. Seven serious adverse events were
reported (ivabradinePR = 2; ivabradine IR = 5), of
which one was fatal (ivabradine IR group). The
bradycardia events reported were comparable
between groups.
Conclusion: Ivabradine PR was found to be
non-inferior to ivabradine IR in the manage-
ment of patients with stable CHF, with a com-
parable safety profile. Once-daily ivabradine PR
effectively maintained the HR in patients shif-
ted from the ivabradine IR twice-daily regimen,
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and thus may aid in improving treatment
compliance.
Trial Registration: CTRI/2018/04/
013464 (Trial Registered Prospectively on
24/04/2018)

Keywords: Heart failure; Heart rate;
Immediate-release; Ivabradine; Once-daily;
Prolonged-release systolic dysfunction

Key Summary Points

Why carry out this study?

Heart failure management involves
multidrug treatment with different dosage
regimens.

Dosing frequency is an important factor
influencing medication compliance in
patients with heart failure.

The PROFICIENT study was designed to
assess the non-inferiority of the new
ivabradine prolonged-release (PR) once-
daily formulation compared with the
conventional immediate-release (IR)
twice-daily formulation with regard to the
efficacy and safety parameters in patients
with stable chronic heart failure with
systolic dysfunction.

What was learned from the study?

The once-daily PR formulation of
ivabradine was found to be non-inferior to
twice-daily ivabradine IR, when added to
background guideline-based medical
treatment, in patients with stable chronic
heart failure.

The safety profile was comparable between
the treatment groups.

Change in heart rate was comparable
between the treatment groups as
measured by 24-hr Holter monitoring
(mean 24-hr HR, mean awake HR and
mean asleep HR).

Once-daily ivabradine PR effectively
maintained the heart rate in patients
shifted from the ivabradine IR twice-daily
regimen, and thus may aid in improving
treatment compliance.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12932993.

INTRODUCTION

Heart failure (HF) is rapidly emerging as a global
health issue, with an estimated prevalence
of[ 37.7 million individuals [1]. It is often
associated with shorter life expectancy and poor
quality of life, and imposes a substantial burden
on the health-care system. The prevalence of HF
in India is also on the rise, as it remains doubly
burdened by increased risk factors for tradi-
tional cardiovascular disease (CVD) and persis-
tence of pre-transitional diseases such as
rheumatic heart disease, untreated congenital
heart disease, endomyocardial fibrosis, and
anemia [2]. The current estimates of the inci-
dence of HF in India vary widely from 1.3 to 23
million [3].

Angiotensin-converting enzyme inhibitors/
angiotensin receptor antagonists, b-blockers,
angiotensin II receptor blocker-neprilysin inhi-
bitors, and mineralocorticoid receptor antago-
nists are the mainstay of therapy for HF with
reduced ejection fraction (HFrEF; EF\40%),
which accounts for 60% of HF cases in adults.
These agents play a fundamental role in modi-
fying the course of systolic HF and are widely
used in conjunction with diuretics to alleviate
symptoms and signs of congestion [4–8].

However, despite clear guideline recom-
mendations, target doses of these important

506 Cardiol Ther (2020) 9:505–521

https://doi.org/10.6084/m9.figshare.12932993
https://doi.org/10.6084/m9.figshare.12932993


therapies are often underused in clinical prac-
tice. This may be attributed to the increased risk
of adverse reactions such as low blood pressure
and renal dysfunction, in addition to negative
chronotropism associated with the up-titration
of these agents in response to persistently ele-
vated heart rate (HR) [9]. Moreover, b-blockers
may have other undesired actions on the heart,
including an effect on myocardial contractility,
in addition to their attenuating impact on HR
[10].

Ivabradine continues to be an important
therapy to achieve desirable HR in patients with
HF since its US Food and Drug Administration
(FDA) licensing in 2015 and European Medici-
nes Agency (EMA) approval in 2012 [11]. Ivab-
radine exerts an inhibitory effect on the If of the
sinoatrial node by reducing its diastolic depo-
larization slope, leading to a reduction in HR
without affecting myocardial contractility or
relaxation, ventricular repolarization, or
intracardiac conduction. At a dose that induces
comparable reductions in HR, b-blockers may
depress left ventricular (LV) contractile function
and increase diastolic time, whereas ivabradine
does not affect maximal LV pressure increase
(LV dP/dtmax) but increases diastolic time to a
greater extent [12].

Several placebo-controlled, multicenter clin-
ical studies have shown the effect of ivabradine
in the treatment of a variety of CVD including
coronary artery disease (CAD) with LV systolic
dysfunction, chronic HF (CHF), and CAD
without clinical HF [10, 13–16]. The recent
J-SHIFT study showed that systolic blood pres-
sure remained unchanged when the HR was
reduced with ivabradine. This maintenance of
hemodynamics during HR reduction is essential
to achieving future cardiac reverse remodeling
and better survival [17, 18].

Compliance with the medical regimen is
important in the optimal management of HF,
and medication dosing frequency has an
important effect on medication adherence.
According to the World Health Organization,
only 50% of chronically ill patients adhere to
their prescribed medications in developed
countries, and this rate is lower in developing
countries [19, 20]. Patients with better medica-
tion compliance have reported greater

treatment effectiveness and fewer HF symptoms
and subsequent consequences such as hospi-
talizations and death [21]. Moreover, patients
were found to be more compliant with once-
daily compared with twice-daily or thrice-daily
treatment regimens [22, 23].

Ivabradine is currently available as immedi-
ate-release (IR) tablets in strengths of 2.5 mg,
5 mg, and 7.5 mg, for twice-daily dosing. A
prolonged-release (PR) formulation with once-
daily dosing compared with the currently
available twice-daily IR formulation may help
not only in decreasing fluctuations in plasma
drug concentrations (results presented else-
where) and achieving the desired therapeutic
objective, but also in increasing patient
compliance.

Hence we designed the PROlonged Release
Formulation of Ivabradine OnCe-DaIly in HEart
Rate ManagemeNT (PROFICIENT) study to
assess the non-inferiority of the new once-daily
ivabradine PR compared with the conventional
twice-daily IR formulation in the efficacy
(change in HR from baseline to 3 months,
assessed by 12-lead electrocardiogram [ECG]
recordings) and safety parameters in patients
with stable chronic HF with systolic dysfunc-
tion. The 24-h ambulatory HR with Holter
monitoring was also assessed in a subgroup of
patients.

METHODS

Patients

Patients (men and women aged 18–70 years,
inclusive) with systolic HF, New York Heart
Association (NYHA) functional class II or III
symptoms for C 6 weeks, on guideline-based
standard care for stable CHF [4], receiving a
stable dose of ivabradine IR 5 mg/7.5 mg twice
daily for C 1 month were enrolled in the PRO-
FICIENT study. Patients had to be in ECG-doc-
umented sinus rhythm with resting HR
(C 50 beats per minute [bpm.]) and left ven-
tricular ejection fraction (LVEF) B 40% and
willing to participate in the study.

Major exclusion criteria were as follows: recent
myocardial infarction, coronary
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revascularization, stroke, or transient ischemic
attack (B 3 months), orwith a transplantedheart,
implanted pacemaker, implantable cardioverter
defibrillator, or cardiac resynchronization ther-
apy; permanent atrial fibrillation or flutter or any
other cardiac arrhythmias which could interfere
with the functionof the sinoatrialnode; sick sinus
syndrome, sinoatrial block, congenital longQTor
treatment with QT-prolonging medications, sec-
ond degree and complete atrioventricular block;
stroke or transient cerebral ischemia within pre-
vious B 3 months prior to screening; unstable or
acuteHF, unstable angina; severe or uncontrolled
hypertension (systolic blood pressure
[SBP] C 190 mmHg or diastolic BP
[DBP] C 110 mmHg), uncontrolled hypotension
(SBP B 90 mmHg or DBP B 50 mmHg); hospital-
ization for worsening HF (NYHA class II or
higher) B 3 months prior to screening; or sched-
uled for coronary revascularization, or likely to
require surgery for valvular disease during the
study period. Pregnant or lactating women, or
patients with any condition that did not justify
their participation in the study as judged by the
investigator; with any contraindication to the
study drug or its excipients; or who had partici-
pated in any other clinical study in the past
3 months before screening were excluded from
the study.

The study protocol and amendments were
approved by the respective institutional ethics
committee of each site (full list of institutional
review boards [IRBs] is included as supplemen-
tary material). The study was carried out per the
protocol and in compliance with the Interna-
tional Council for Harmonisation Guideline for
Good Clinical Practice, Declaration of Helsinki,
Schedule Y (amended version, 2013) of the
Central Drugs Standard Control Organization,
Ministry of Health and Family Welfare,
Government of India, and ethical guidelines for
biomedical research on human participants,
Indian Council of Medical Research. Written
informed consent was obtained from all
patients before enrollment. Additional consent
was obtained from patients who participated in
the 24-h Holter ECG monitoring subgroup
analysis. This study is registered at Clinical Tri-
als Registry—India (CTRI/2018/04/013464 [trial
registered prospectively on 24/04/2018]).

Study Design, Randomization,
and Blinding

PROFICIENT was a randomized, double-blind,
double-dummy, multicenter, phase 3 non-infe-
riority study conducted from May 2018 through
April 2019 and included patients from 21 cen-
ters across India (Appendix 1). The study con-
sisted of six visits (Fig. 1).

Upon confirming the eligibility of inclusion
at the screening visit (visit 1), ivabradine IR
5 mg or 7.5 mg (Coralan�, Servier Laboratories,
France) was administered to all patients during
the run-in period (8 days; visit 2). The eligible
patients were randomly allocated (day 0; visit 3)
to treatment groups (1:1 ratio) using a central-
ized interactive web response system, to receive
either once-daily ivabradine PR (Abbott
Healthcare Pvt Ltd, India), 10 mg or 15 mg, or
twice-daily ivabradine IR 5 mg or 7.5 mg, based
on their baseline ivabradine doses of 5 mg or
7.5 mg twice daily.

The patients took the first dose on the day
following randomization. A simple randomiza-
tion technique with a unique number was fol-
lowed. During the treatment period (day 16 to
day 90), patients continued the assigned study
treatment. The end-of-study (EOS) visit (visit 6;
day 91) followed the last dose on the 90th day.

The test (ivabradine PR) and the reference
product (ivabradine IR) differed in appearance,
shape, smell, taste, packaging, and dosing regi-
men; hence, to maintain the blinding, a double-
dummy approach was followed. Each patient
was administered an identical number of tablets
(i.e. four tablets) daily. This ensured that the
patients randomized to either of the dosing
regimens (test or reference) received at least one
placebo tablet at each dosing. Patients ran-
domized to the ivabradine PR group received
two placebo tablets during any one dosing. The
study drug administrator was trained in drug
handling, administration, accountability, stor-
age, and medication allocation. Patients who
were willing to participate in the 24-h ECG
Holter subgroup analysis underwent 24-h Hol-
ter ECG monitoring on day 1 and day 90. A
patient diary was provided to all patients for
recording dosing details to monitor
compliance.
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The PROFICIENT trial committee was
responsible for the clinical and scientific con-
duct of the study.

Outcomes

Efficacy
The primary endpoint was the change in resting
HR from baseline to the end of 3 months

between the ivabradine PR and ivabradine IR
groups. The resting HR was measured in beats
per minute (bpm) by automated, calibrated,
standard 12-lead ECG [RMS Enterprises, Recor-
ders and Medicare Systems (P) Ltd.] supplied to
all the sites. The mean resting HR was measured
at each visit based on three consecutive ECG
recordings, within 30 min after 10 min of initial
rest in the supine position. Analysis of the 24-h

Fig. 1 CONSORT flow diagram of study design
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ECG recordings was performed using the
instrument software yielding HR (bpm), PQ/PR
interval (ms), QRS interval (ms), QT interval
(ms), RR interval (ms), and QTc interval (ms) [all
machine-read]. The machine-read QTc interval
was calculated using Bazett’s/Fridericia’s
formula.

24-Hour Holter ECG Monitoring
The 24-h average HR was also assessed using
Holter ECG monitoring (awake and sleep). The
continuous recordings were obtained through-
out a 24-h period before randomization and
visit 6 (day 91) in a subset of 50 patients. All
Holter recordings were read using the dedicated
RMS system [RMS Enterprises, Recorders, and
Medicare Systems (P). Ltd]. The 24-h Holter
ECG recordings were analyzed by experienced
Holter technicians and cardiologists who were
blinded to study treatment allocation and to
temporal sequences of recording.

Safety
Safety outcomes included the incidence and
severity of adverse events (AE), serious adverse
events (SAEs), and treatment-emergent adverse
events (TEAEs). The incidence of hospitaliza-
tions for worsening HF, other CV reasons, and
mortality rates were also assessed at the end of
3 months, compared to baseline.

Covariates
Demographic characteristics, laboratory
parameters (hematology, blood biochemistry),
vital signs, medical history, concomitant medi-
cation, self-reported smoking, and alcohol
consumption status were assessed.

The clinical significance of the ECG, safety,
comorbid conditions, and hematology/bio-
chemistry parameters were assessed by the
investigator or designated personnel, and the
abnormality based on examination or labora-
tory values, if any, was specified.

Statistical Methods
The safety analysis set consisted of all patients
who received at least one dose of study medi-
cations. The full analysis set included all
patients in the safety analysis who had data for

at least one post-baseline assessment of any
efficacy measurement. The per-protocol analysis
set consisted of all patients who were included
in the FA analysis set and did not present any
major protocol violation. The Holter group set
consisted of all patients who consented and for
whom 24-h Holter ECG monitoring was
performed.

Considering the active drug in both treat-
ment groups, the assumption was that the HR
from baseline to end of treatment would be
maintained within the range of values defined
for 5 mg or 7.5 mg ivabradine IR ([ 50 and
B 75). For the same, a sample size of 72 was
estimated assuming an absolute inferiority
margin of 6.5 bpm, standard deviation (SD) of
12, and effect size of 0.54, with 90% power to
establish non-inferiority between the groups
using the one-sided test at a 95% confidence
interval (CI). An additional 18 patients per
group were enrolled considering a dropout rate
of 20%.

All analyses were carried out as two-sided on
a 5% level of significance and 95% CI. Analysis
of covariance (ANCOVA) with treatment as
factor and baseline as a covariate was used for
treatment comparison. Continuous variables
are summarized using mean (SD) and categori-
cal variables as number (percentage) of patients
within each level. The primary objective was to
test the non-inferiority of ivabradine PR com-
pared with the ivabradine IR tablet by the non-
inferiority absolute margin (d) of 6.5 bpm, at
one-sided alpha (a) of 0.025. Non-inferiority
was concluded if the upper limit of the 95% CI
of the difference for mean change in HR from
baseline to 3 months between the PR and IR
groups was less than the pre-specified margin of
6.5 bpm. The Holter subgroup analysis was
performed similarly to the primary analysis but
was not statistically powered. The change in HR
(measured by automated 12-lead ECG) vs. HR
measured by 24-h Holter ECG (24-h, awake, and
sleep) was assessed as an exploratory endpoint
to understand the trends if any. The statistical
analysis was carried out using the most recent
SAS� (Statistical Analysis Software) system ver-
sion 9.4. (SAS Institute Inc., Cary, NC, USA).
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RESULTS

Of the 188 patients enrolled, 180 (95.7%) were
randomized (1:1) to either the ivabradine PR
(n = 90) or ivabradine IR (n = 90) group. The
safety population included 179 (99.4%) patients
(89 in the ivabradine PR group and 90 in the IR
group), and the per-protocol analysis set com-
prised 160 patients (80 in the ivabradine PR
group and 80 in the IR group). A total of 169
patients (93.9%) completed the study (Fig. 1).
The most common reason for study non-eligi-
bility or non-randomization was run-in failure.

Demographic and baseline characteristics
were well-balanced between the groups
(Table 1). The mean ± SD age of the study
population was 54.0 ± 10.02 years. The HF was
of ischemic cause in 143 (79.9%) patients. A
total of 24.6% of the study population had
previous congestive cardiac failure, and 15.1%
had previous myocardial infarction.

All patients were on a stable dose of ivabra-
dine IR 5 mg or 7.5 mg twice daily for more
than 1 month. A total of 169 patients were
receiving ivabradine 5 mg, and ten patients
were receiving 7.5 mg. Post-randomization, 83
(93.3%) patients were on ivabradine PR 10 mg
once daily, and 86 (95.6%) patients were on
ivabradine IR 5 mg twice daily, while 6 (6.7%)
and 4 (4.4%) patients were on 15 mg PR once
daily and 7.5 mg IR twice daily, respectively.
The most commonly used concomitant medi-
cations were diuretics (147 [82.1%]), b-blockers
(131 [73.2%]), lipid-modifying agents (131
[73.2%]), and agents acting on the renin–an-
giotensin system (122 [68.2%]) (Table 2).

Efficacy

The mean HR at baseline was 62.8 ± 9.47 bpm
in the ivabradine PR group and
63.6 ± 8.85 bpm in the ivabradine IR group,
which was comparable (Table 3). After 3 months
of treatment, the mean change from baseline in
resting HR was 1.1 ± 8.42 bpm in the ivabra-
dine PR group vs. 0.0 ± 7.99 bpm in the ivab-
radine IR group (p = 0.5225). The least-square
mean (standard error [SE]) change in HR from
baseline to 3 months was 0.76 (1.188; 95% CI

-1.59: 3.11) in the ivabradine PR vs. IR groups,
which was well within the pre-specified margin
of 6.5 bpm, confirming the non-inferiority of
ivabradine PR (per-protocol analysis set). No
age- or gender-specific effects were observed on
actual or change from baseline to 3 months in
resting HR due to the study treatment.

Table 1 Demographic and disease characteristics at base-
line—safety set

Parameter Ivabradine
prolonged-release
(N = 89)

Ivabradine
immediate-release
(N = 90)

Age, years

Mean (SD) 55.0 (9.25) 53.0 (10.69)

Gender, n (%)

Male 68 (76.4%) 68 (75.6%)

Female 21 (23.6%) 22 (24.4%)

Race, n (%)

Asian 89 (100.0%) 90 (100.0%)

Body mass index, kg/m2

Mean (SD) 24.3 (3.73) 24.9 (4.17)

LVEF (%)a

Mean (SD) 33.8 (5.72) 31.9 (6.70)

NYHA classb

Class II 78 (87.6%) 78 (86.7%)

Class III 11 (12.4%) 12 (13.3%)

Comorbidities ([ 10%)

Diabetes

mellitus

14 (15.7%) 14 (15.6%)

Type 2

diabetes

mellitus

16 (18.0%) 10 (11.1%)

Hypertension 42 (47.2%) 29 (32.2%)

SD standard deviation, LVEF left ventricular ejection
fraction
a Based on 2D echocardiography
b New York Heart Association (NYHA) Functional
Classification
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Holter Subgroup

There was no significant difference at the base-
line or after 3 months between the groups in
terms of resting HR, mean 24-h HR, mean HR
(awake), or mean HR (asleep) (Table 4). Change
from baseline (reduction in HR) to 3 months
was comparable between the treatment groups
for 24-h Holter ECG monitoring (least square
mean [SE] -2.20 [2.410]; 95% CI -7.19:2.78;
p = 0.3701), mean HR awake (least square mean
[SE] -2.25 [2.319]; 95% CI -7.04:2.55;
p = 0.3423), and mean HR asleep (least square
mean [SE] -4.01 [2.696]; 95% CI -9.59:1.56;
p = 0.1501).

Further, the HR (at baseline and 3 months,
and change from baseline) was comparable
within the treatment groups for 12-lead ECG vs.
different parameters of Holter ECG. A stable HR
was seen in both groups as assessed by inter-
parameter comparison of mean 24-h Holter

monitoring, mean awake, and mean asleep HR
values within the treatment groups.

Safety

The safety profile of ivabradine PR was compa-
rable to that of ivabradine IR.

A total of 39 TEAEs were reported in 29
(16.2%) patients within the study cohort
(Table 5). In both the PR and IR groups, the
majority of TEAEs were unrelated to the study
drugs. In the PR group, two events of brady-
cardia in two (2.2%) patients, one event of sinus
bradycardia in one (1.1%) patient, and one
event of nausea in one (1.1%) patient were
possibly related to the ivabradine PR treatment.
In the IR group, one event of cardiac failure in
one (1.1%) patient and two events of sinus
bradycardia in two (2.2%) patients were possi-
bly related, and one event of abdominal dis-
comfort in one (1.1%) patient, one event of
dizziness in one (1.1%) patient, and an event of
dyspnea in one (1.1%) patient were probably
related to the ivabradine IR treatment. The
bradycardia events reported were comparable
between groups. The drug was discontinued in
two patients due to bradycardia and one patient
due to nausea in the PR group; the drug was
interrupted in one patient due to an inguinal
hernia. In the ivabradine IR group, an event of
cardiac failure led to the discontinuation of the
drug in one patient.

Two SAEs were reported in two patients
receiving ivabradine PR (gastritis and inguinal
hernia); one SAE was moderate, while the other
was severe. Neither was considered to be drug-
related, and both were resolved. A total of five
SAEs (cardiac failure, cardiac congestive failure,
lower respiratory tract infection, dizziness, and
dyspnea) were reported in three patients in the
ivabradine IR group, of which two SAEs were
unrelated, while one SAE in a patient was pos-
sibly and two SAEs in a patient were probably
related to the ivabradine IR treatment. All five
SAEs were severe in nature. The SAE of cardiac
failure was fatal, while the remaining four SAEs
were resolved.

One patient in the IR group was hospitalized
due to worsening of HF.

Table 2 Concomitant medication (in[ 30% patients)—
safety set (N = 179)

Therapeutic class Ivabradine
prolonged-
release
(N = 89)

Ivabradine
immediate-
release (N = 90)

Diuretics 71 (79.8%) 76 (84.4%)

b-blocking agents 67 (75.3%) 64 (71.1%)

Lipid modifying

agents

70 (78.7%) 61 (67.8%)

Agents acting on

the renin-

angiotensin

system

61 (68.5%) 61 (67.8%)

Antithrombotic

agents

58 (65.2%) 46 (51.1%)

Cardiac therapya 28 (31.5%) 30 (33.3%)

Drugs for acid

related disorders

28 (31.5%) 28 (31.1%)

a Including drugs like digoxin, trimetazidine, isosorbide
mononitrate, sacubitril, nicorandil, glyceryl trinitrate,
hydralazine-isosorbide dinitrate, isosorbide dinitrate
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No clinically significant worsening of visual
symptoms was recorded during the study. Fur-
ther, no clinically significant abnormalities
were observed in any of the laboratory param-
eters in patients in either of the groups during
the study.

The mean proportion of patients who com-
plied with the study drug (as assessed by means
of pill counts) was 98.61 ± 2.21% in the

ivabradine PR group and 98.44 ± 2.05% in the
ivabradine IR group.

DISCUSSION

Our study provides evidence that the once-daily
PR formulation of ivabradine is non-inferior to
the ivabradine IR twice-daily regime, when

Table 3 Change in resting HR parameter from baseline to 3 months in ivabradine PR and ivabradine IR groups (per-
protocol analysis set)

Visit Ivabradine
prolonged
release

Ivabradine
immediate
release

Overall
(N = 175)

Change from baseline

Ivabradine
prolonged
release

Ivabradine
immediate
release

Overall
(N = 175)

Baseline visit

No. 80 80 160

Mean (SD) 62.8 (9.47) 63.6 (8.85) 63.2 (9.15) – – –

Median 60.8 62.2 61.7 – – –

IQR

(Q1:Q3)

54.3:69.3 57.2:69.3 55.7:69.3 – – –

Range

(min:

max)

50.3:85.7 50.7:91.7 50.3:91.7 – – –

3 months

No. 80 80 160 80 80 160

Mean (SD) 64.9 (9.35) 63.7 (9.59) 63.8 (9.44) 1.1 (8.42) 0.0 (7.99) 0.6 (8.20)

Median 62.8 62.2 62.5 0.8 0.3 0.7

IQR

(Q1:Q3)

56.5:68.8 57.0:68.3 56.7:68.5 -2.7:5.8 -6.2:4.2 -4.8:4.8

Range

(min:

max)

49.7:88.0 49.0:93.3 49.0:93.3 -25.7:21.3 -16.0: 23.0 -25.7:23.0

LSM (SE) 0.95a (0.840) 0.19a (0.840)

95% CI for

estimate

-0.71:2.61b -1.47:1.84b

SD standard deviation, IQR inter-quartile range, LSM least square mean, SE standard error
a The estimates and 95% confidence interval for the individual treatment groups were computed using two-sided test at
alpha = 0.05 level of significance
b The upper limit of 95% CI is less than 6.5
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added to background guideline-based medical
treatment, in patients with stable CHF. The
safety profile was comparable between the
treatment groups. Thus, patients stabilized on
an ivabradine twice-daily regimen of 5 mg or
7.5 mg can be shifted to an ivabradine once-
daily regimen to effectively maintain HR, with
potentially added convenience and treatment
compliance.

Heart failure is a common, debilitating con-
dition that is associated with a complex drug
regime and comorbidities frequently requiring
lifelong management. High medication burden
is often observed in patients with HF, which
may be attributed to multidrug treatment with
multiple dosing regimens. This polypharmacy
and high pill burden may be overwhelming for
patients, resulting in medication noncompli-
ance. While compliance can be a multifaceted
process, dosing frequency plays a critical role in
improving compliance, contributing to the
effectiveness of the regimen [22, 24, 25]. Inter-
estingly, a large meta-analysis concluded that a
once-daily regimen may lead to significantly

better compliance than twice-daily dosing
[24, 26]. Bae and colleagues used evidence from
administrative claims to assess medication
compliance with antidiabetic, antihyperlipi-
demic, antiplatelet, or cardiac agent treatment
in more than one million patients. They
observed a significantly higher medication
possession ratio (MPR) with a once-daily versus
twice-daily regimen, with mean MPR of 0.66
and 0.57 (p\ 0.01), respectively [27]. Moreover,
clinical effectiveness with a once-daily regimen
may be no lower than with multiple daily dos-
ing [28, 29].

The 2017 guideline on the management of
HF stipulates the role of ivabradine in chronic
HF NYHA class II–IV with systolic dysfunction
in patients in sinus rhythm and whose HR is
C 75 bpm, in combination with standard ther-
apy including b-blockers or when b-blocker
therapy is contraindicated or not tolerated
[11, 30]. Ivabradine is also indicated for the
symptomatic treatment of chronic stable ang-
ina pectoris in adults with CAD with normal
sinus rhythm and HR C 70 bpm who are unable

Table 4 Actual and change from baseline between 12-lead ECG (bpm) and Holter ECG monitoring (bpm) in ivabradine
PR and ivabradine IR groups—Holter group population (N = 32)

HR
measurement

Treatment n Baseline
(bpm)

3 month
(bpm)

Change from
baseline

95% CIa p value

Resting HR value Ivabradine

PR

17 62.2 ± 8.47 60.5 ± 8.14 -1.7 ± 5.82 -4.09:4.08 0.9973

Ivabradine IR 15 59.9 ± 7.01 59.0 ± 6.59 -0.9 ± 6.49

Mean 24-h HR Ivabradine

PR

14 66.0 ± 9.22 66.3 ± 7.45 0.0 ± 6.90 -7.19:2.78 0.3701

Ivabradine IR 15 64.4 ± 5.97 67.5 ± 7.36 3.2 ± 6.83

Mean HR awake Ivabradine

PR

14 65.1 ± 14.01 67.4 ± 7.73 1.7 ± 9.91 -7.04:2.55 0.3423

Ivabradine IR 15 66.7 ± 6.33 69.9 ± 7.80 3.4 ± 6.09

Mean HR asleep Ivabradine

PR

14 62.0 ± 11.37 61.1 ± 9.42 -0.8 ± 7.08 -9.59:1.56 0.1501

Ivabradine IR 15 60.4 ± 5.33 64.4 ± 8.86 3.6 ± 7.34

HR heart rate, bpm beats per minute, CI confidence interval, IR immediate release, PR prolonged release
a 95% CI for treatment effect for change from baseline. Treatment effects for change in HR from baseline between the
groups were analyzed using an ANCOVA model with treatment as factors and baseline HR as covariate
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Table 5 Treatment-emergent adverse events—safety set

Condition Ivabradine prolonged-release (N = 89) Ivabradine immediate-release (N = 90)

No. of events n (%) No. of events n (%)

Gastrointestinal disorders

Dysphagia 0 0 1 1 (1.1)

Abdominal discomfort 1 1 (1.1) 1 1 (1.1)

Diarrhea 1 1 (1.1) 0 0

Gastritis 1 1 (1.1) 0 0

Inguinal hernia 1 1 (1.1) 0 0

Nausea 2 2 (2.2) 0 0

Infections and infestations

Lower respiratory tract infection 0 0 1 1 (1.1)

Gingivitis 1 1 (1.1) 0 0

Nasopharyngitis 1 1 (1.1) 0 0

Cardiac disorders

Cardiac failure 0 0 1 1 (1.1)

Cardiac failure congestive 0 0 1 1 (1.1)

Bradycardia 2 2 (2.2) 1 1 (1.1)

Sinus bradycardia 2 2 (2.2) 3 3 (3.3)

General disorders and administration site conditions

Face edema 0 0 1 1 (1.1)

Fatigue 0 0 2 2 (2.2)

Non-cardiac chest pain 0 0 1 1 (1.1)

Pyrexia 0 0 1 1 (1.1)

Peripheral swelling 1 1 (1.1) 0 0

Investigations

Lipids abnormal 0 0 1 1 (1.1)

Lipids increased 1 1 (1.1) 0 0

Musculoskeletal and connective tissue disorders

Neck pain 1 1 (1.1) 0 0

Periarthritis 1 1 (1.1) 0 0

Nervous system disorders

Dizziness 1 1 (1.1) 1 1 (1.1)

Renal and urinary disorders
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to tolerate b-blockers or for whom b-blockers are
contraindicated, or is indicated in combination
with b-blockers in patients inadequately con-
trolled with an optimal b-blocker dose [31].

In this PROFICIENT study, we assessed the
non-inferiority of a new PR once-daily formu-
lation of ivabradine compared with the con-
ventional IR twice-daily dosage formulation
with regard to the maintenance of stable HR for
a period of 3 months in patients with
stable CHF with systolic dysfunction. An earlier
study had indicated the comparative bioavail-
ability of ivabradine PR and ivabradine IR under
fed conditions, which is the recommended
dosing condition for ivabradine (results pre-
sented elsewhere).

A total of 180 patients were enrolled in the
study. The demographic and baseline charac-
teristics were comparable between the two
treatment groups, with men constituting the
major proportion of enrolled patients. All
patients presented with stable HFrEF as a rele-
vant medical condition. Approximately 79% of
patients had ischemic conditions, while a small
proportion of patients (32%) presented a non-
ischemic condition.

The reduction in HR with ivabradine has
been shown to improve clinical outcomes in
patients with HF beyond the improvements
observed with b-blockers [10, 13–16]. Ivabradine
selectively and specifically inhibits the pace-
maker If ionic current, which acts on the
sinoatrial node, resulting in a reduction in HR.

In our study, the primary efficacy analysis met
the statistical criteria for non-inferiority of
ivabradine PR relative to the ivabradine IR
comparator, providing relatively robust evi-
dence of a treatment effect on the primary
endpoint of change in resting HR from baseline
to the end of 3 months, as assessed by standard
12-lead ECG.

We also wanted to understand whether there
was any sex- or gender-based impact on the
change in HR from baseline to 3 months, which
was found to be comparable between the
groups. This data corroborated the published
literature reporting that the effect of ivabradine
was seen in patients regardless of the predefined
subgroup [10, 32].

Evidence shows that HR variability as depic-
ted by 24-h Holter monitoring, daytime HR,
and nighttime HR may be associated with
prognostic outcomes [33]. Kurtoglu et al.
reported an improvement in the time domain
indices of HR variability in patients with non-
ischemic dilated cardiomyopathy after 8 weeks
of treatment with ivabradine. This improve-
ment was sustained both when awake and while
asleep. This was attributed to the prolonged
diastole leading to the improved cardiac blood
supply and LV filling, beneficial effects on LV
remodeling and reduced sympathetic influence,
and enhanced vagal tone, leading to an
improvement in sympathovagal balance [34].
Hence, in the subpopulation with HF, we also
assessed the baseline HR and the effect of

Table 5 continued

Condition Ivabradine prolonged-release (N = 89) Ivabradine immediate-release (N = 90)

No. of events n (%) No. of events n (%)

Renal failure 0 0 1 1 (1.1)

Respiratory, thoracic, and mediastinal disorders

Dyspnea 0 0 1 1 (1.1)

Cough 2 2 (2.2) 1 1 (1.1)

Skin and subcutaneous tissue disorders

Pruritus 0 0 1 1 (1.1)

TEAEs treatment emergent adverse events; Patients may have reported more than one event

516 Cardiol Ther (2020) 9:505–521



ivabradine PR and IR on resting, 24-h, awake,
and asleep HR. Our data indicate that the
change in HR from baseline to 3 months, as
assessed by the resting, 24-h, awake, and asleep
HR, was comparable between the groups (sta-
tistically nonsignificant). Considering the pos-
sibility of variation in resting HR based on the
time and condition of the recordings, an
attempt was also made in this study to under-
stand whether 24-h Holter parameters (awake,
asleep, or 24-h average HR) responded similarly
to resting HR. Stable HR was noted in both
groups as assessed by mean 24-h Holter, mean
awake, and mean asleep HR monitoring.

No new safety concerns were reported in the
study. The overall rates of AEs were similar
between the ivabradine PR and IR groups. None
of the events in either treatment group were
unexpected, and all the events were consistent
with the published literature [10, 13–16, 32].
Further, the study medications did not worsen
the clinical conditions associated with visual
signs or symptoms during the study period.
Both study drugs were well-tolerated. These
results indicate that ivabradine PR has an
acceptable safety profile, similar to ivabradine
IR.

Ivabradine has been shown to substantially
reduce the incidence of cardiovascular death or
hospitalization for worsening HF compared
with placebo in patients with HF and LV systolic
dysfunction, already receiving guideline-based
HF therapy [35]. In this study, hospitalization
for worsening HF, all-cause mortality, and
mortality due to CV was reported for only one
patient in the IR group, though the same was
not observed in any patient in the PR group.

The study has a few limitations. The Holter
subgroup analysis was not statistically powered;
hence the subgroup findings need to be sub-
stantiated in a larger group. Further, long-term
studies in a larger population are needed to
assess the effect of ivabradine PR formulation
on HF outcomes, though the effect of ivabra-
dine in terms of benefits such as decreasing
hospitalization rates is well-documented [36].
Moreover, although no unwarranted safety
concerns were observed in this study, longer
follow-up is needed in a larger population to
gain insights in the real-life clinical setting.

CONCLUSION

Ivabradine PR was found to be non-inferior to
ivabradine IR in the management of patients
with stable CHF with systolic dysfunction, as
assessed by the change in HR from baseline to
the end of 3 months. Ivabradine once daily
(10 mg/15 mg) effectively maintained the HR in
these patients who were shifted from a twice-
daily regimen of 5 mg or 7.5 mg, which may
ensure convenience and compliance with
treatment. Ivabradine PR and IR exhibited
comparable safety profiles and similar effects
with respect to the maintenance of HR on
resting, asleep, awake, and 24-h HR. No new
safety concerns were reported. Overall, the
results support the use of ivabradine once-daily
PR as an alternative to the conventional twice-
daily ivabradine IR formulation and could
improve treatment compliance. Considering
the alarming burden of HF and stable angina in
India, clinicians must emphasize the impor-
tance of medication compliance with adequate
treatment measures, to achieve better control of
the disease.
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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.

14. Fox K, Ford I, Steg PG, et al. Heart rate as a prog-
nostic 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(9641):817–21.

15. Fox K, Ford I, Steg PG, et al. Ivabradine for patients
with stable coronary artery disease and left-ven-
tricular systolic dysfunction (BEAUTIFUL): a ran-
domised, double-blind, placebo-controlled trial.
Lancet. 2008;372(9641):807–16.
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