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ABSTRACT

Introduction: Beta-blockers are recommended
by the European Society of Cardiology as first-
line antianginal therapy for reducing heart rate
(HR) and symptoms in patients with chronic
coronary syndrome, despite a lack of data
showing superiority to other antianginal agents.
Most patients with angina pectoris require
combination therapy to manage symptoms,
with a second-line agent chosen to manage the
predominant cardiovascular problem. Ivabra-
dine, a selective sinus node If channel inhibitor
shown to reduce HR and protect against anginal
symptoms, has previously demonstrated non-
inferior anti-ischaemic and antianginal efficacy
to beta-blockers.
Methods: This systematic review and meta-
analysis assessed the efficacy and safety of

ivabradine in patients with stable angina pec-
toris who remained symptomatic despite
receiving beta-blockers. Keyword searches of
PubMed, The Cochrane Central Library Regis-
ter, ClinicalTrials.gov, The World Health Orga-
nization International Clinical Trials Registry
Platform (ICTRP) and Google Scholar identified
studies comparing ivabradine plus beta-blockers
with placebo or other first- or second-line
antianginal agents in patients with stable ang-
ina pectoris. No date limits or language restric-
tions were applied. Outcomes were evaluated
after 1 and 4 months of treatment, including
changes in HR, angina attacks, use of short-
acting nitrates, quality of life and safety. Risk of
bias was evaluated on the basis of recommen-
dations of the Cochrane Handbook for System-
atic Reviews of Interventions.
Results: Seven relevant studies were identified
(N = 6821). Ivabradine plus a beta-blocker con-
sistently reduced HR, anginal symptoms and
short-acting nitrate consumption within
1 month of initiating therapy, with continued
reductions for up to 4 months. Furthermore,
ivabradine plus beta-blocker therapy was well
tolerated, with bradycardia rarely reported
(0.1% of patients overall). This study is limited
by the inclusion of only two randomised stud-
ies, which may lead to result interpretation bias.
Conclusions: Ivabradine may be valuable for
tailoring early antianginal treatment when used
in combination with beta-blockers for chronic
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stable angina inadequately controlled by beta-
blockers.

Keywords: Angina pectoris; Beta-blocker; Heart
rate; Ivabradine

Key Summary Points

Why carry out the study?

Controlling the symptoms of angina in
patients with chronic stable angina
remains challenging, with quality of life
and economic consequences for patients.

This systematic review and meta-analysis
evaluated the efficacy and safety of
ivabradine in patients with stable angina
pectoris who remain symptomatic while
receiving beta-blockers.

What was learned from the study?

The combination of ivabradine plus beta-
blocker therapy effectively reduced heart
rate, angina symptoms and the use of
short-acting nitrates from the first month
of treatment and was well tolerated in
real-life clinical practice.

Ivabradine plus beta-blockers may be a
useful antianginal treatment option in
patients with chronic stable angina that is
inadequately controlled with beta-
blocker-based therapy.

INTRODUCTION

Ischaemic heart disease (IHD) is a leading cause
of mortality worldwide [1]. Estimated to affect
almost 71 million people globally in 2017,
angina pectoris (AP) is a common symptom of
IHD [2]. Indeed, angina causes greater disability
than other cardiovascular diseases associated
with IHD, such as heart failure (HF) or
myocardial infarction (MI) [2]. Prognosis in
patients with chronic coronary syndrome is
worsened by the presence of anginal symptoms

in daily life (with or without ischaemia), with
an increased risk of cardiovascular death or MI
compared with ischaemia alone [3].

Heart rate (HR) is an important regulator of
oxygen consumption in myocytes. An increase
in HR increases the number of cardiac cycles per
given time frame and, therefore, cardiac per-
formance and myocardial metabolism [4]. In
contrast, a reduction in HR decreases oxygen
demand and maintains the viability of myo-
cytes, and prolongs diastolic perfusion time and
improves coronary flow velocity reserve, thus
increasing the ischaemic threshold [5]. Ambu-
latory ischaemic episodes in patients with
chronic coronary syndrome are preceded by
elevated HR (i.e. greater than 70 bpm), with the
risk of developing ischaemia related to baseline
HR, as well as the magnitude and duration of
the HR increase [6, 7]. Also, the frequency of
ambulatory ischaemic episodes in patients with
chronic coronary syndrome is related to mean
HR, with an almost twofold increase in the risk
of ischaemia in patients with an HR of 80 bpm
versus 70 bpm [8]. Consequently, a reduction in
HR is recognised as an important target for
managing angina [9] and has been demon-
strated to reduce angina symptoms [5].

In the latest European Society of Cardiology
(ESC) guidelines, a reduction in resting HR to a
target of at most 60 bpm remains an essential
goal in order to reduce ischaemia and angina
when treating patients with chronic coronary
syndrome [10]. Despite a lack of data showing
superiority to other antianginal agents, beta-
adrenergic blocking agents (beta-blockers) are
currently recommended as first-line antianginal
therapy for reducing HR and symptoms in
patients with chronic coronary syndrome [10].
However, many patients with angina pectoris
require combination therapy to manage symp-
toms, and the ESC guidelines recommend
choosing second- and third-line agents on the
basis of the patient’s predominant cardiovas-
cular problem (e.g. high or low HR, low blood
pressure, or ventricular dysfunction) [10].

Ivabradine is a hyperpolarisation-activated
cyclic nucleotide-gated (HCN) channel blocker
that selectively inhibits the ‘funny’ current (If)
in the sinoatrial node [9, 11, 12]; ivabradine is
recommended as an add-on treatment in
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patients with angina and elevated HR or left
ventricular (LV) dysfunction [10]. It reduces HR
and myocardial oxygen demand while increas-
ing both coronary filling time and blood flow,
thus protecting against ischaemia and angina
symptoms [12]. Ivabradine has been shown to
be noninferior to beta-blockers in terms of anti-
ischaemic and antianginal efficacy [13]. Com-
bining ivabradine with a beta-blocker further
reduces HR, myocardial ischaemia and the
symptoms of angina in patients with
stable angina [14, 15]. A previous pooled anal-
ysis of real-world data indicated that ivabradine
was effective and well tolerated in a range of
patients with angina during routine clinical
practice [16], but this analysis included patients
receiving ivabradine with and without con-
comitant beta-blockers.

The current systematic review and meta-
analysis assessed the efficacy and safety of
ivabradine in patients with stable angina pec-
toris who remained symptomatic despite
receiving beta-blocker-based therapy.

METHODS

Study Design

This systematic review and meta-analysis was
conducted and reported according to the Pre-
ferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [17], in
conjunction with Sciencefiles LLC (Ekaterin-
burg, Russia). A systematic search of the pub-
lished literature was used to identify studies that
compared ivabradine plus beta-blocker therapy
with placebo or other first-line (i.e. adrenergic
beta antagonists, calcium channel blockers) or
second-line (i.e. long-acting nitrates, ivabradine
monotherapy, nicorandil, trimetazidine, rano-
lazine) antianginal agents. Use of other
antianginal drugs (i.e. statins, antiplatelet
agents, antihypertensive agents and surgical
interventions for coronary artery disease [CAD])
were permitted as concomitant therapy.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

Search Criteria and Study Selection

Keyword searches were conducted in June 2021
using several databases: PubMed (https://www.
nlm.nih.gov); The Cochrane Central Register of
Controlled Trials (CENTRAL) in the Cochrane
Library (https://www.cochranelibrary.com/
central); The National Institutes of Health
Ongoing Trials Register, ClinicalTrials.gov
(www.clinicaltrials.gov); The World Health
Organization International Clinical Trials Reg-
istry Platform (ICTRP) (https://www.who.int/
ictrp/en/); and Google Scholar (https://scholar.
google.ru/). The search criteria used are shown
in Supplementary Table S1 in the electronic
supplementary material.

Studies of patients with stable angina pec-
toris with HR greater than 70 bpm were inclu-
ded. Excluded were studies of patients with
unstable angina, any serious decompensated
concomitant diseases requiring regular medical
therapy or not in sinus cardiac rhythm. Selec-
tion of studies was completed independently in
duplicate by E. Lantsova and I. Nikitina of
Sciencefiles, with any disagreements resolved
through discussion and consensus or, if
required, arbitrated by a third researcher. No
date limits were applied and publications in any
language were included. Titles and abstracts of
all search hits were reviewed to identify poten-
tially eligible trials for retrieval. Full-text copies
of all retrieved trial reports/publications were
then reviewed to identify final studies for
inclusion. Reasons for exclusion of ineligible
studies were recorded. Duplicate publications
were identified and excluded, and multiple
reports of the same trial were collated into a
single report.

Risk of bias was evaluated by grading each
potential source of bias as high, moderate or
low on the basis of recommendations of the
Cochrane Handbook for Systematic Reviews of
Interventions [18] and the Risk Of Bias In Non-
randomised Studies—of Interventions (ROBINS-
I) tool [19], and summarised by domains. An
additional hand search was performed to iden-
tify published study protocols to check for
selective reporting bias.
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Data Extraction

Data from each relevant study were extracted
manually into an Excel spreadsheet (Windows
MSO 365; Microsoft Corporation, Redmond,
WA, USA). Data were extracted separately by
two individuals, E. Lantsova and I. Nikitina,
with differences resolved by discussion and
consensus, or arbitrated by a third researcher.
Extracted data included study methods (e.g.
duration of trial, details of any run-in period,
date of publication); participants (e.g. number
analysed, subgroups, demographics [age, sex],
clinical characteristics [previous cardiovascular
events, comorbidities, congestive HF class]);
interventions and concomitant medications;
outcomes at 1 and 4 months (i.e. HR, decrease
in HR of greater than 10 bpm or to 70 bpm or
less, improvement in angina functional class,
number of angina attacks per week, units of
short-acting nitrates per week, quality of life
[QoL], adverse events [AEs], bradycardia); and
notes (e.g. trial funding, notable conflicts of
interest).

Outcomes Evaluated

Primary efficacy outcomes of the study were to
determine differences from baseline in HR,
weekly angina attacks and weekly use of short-
acting nitrates after 1 month of ivabradine plus
beta-blocker therapy. Secondary efficacy out-
comes included the aforementioned outcomes
after 4 months of ivabradine plus beta-blocker
therapy, as well as the change from baseline in
functional class of angina (according to Cana-
dian Cardiovascular Society [CCS] Angina
Grading Scale) after 4 months of treatment. QoL
was also assessed using the EuroQol-5D (EQ-5D)
questionnaire and/or a visual analogue scale
(VAS) index. Safety outcomes included the
evaluation of AEs, including the incidence of
bradycardia.

Statistical Analyses

Data from the spreadsheets were transformed
into STATA data sets and analysed using STATA
version 14 (StataCorp LLC; College Station, TX,

USA). Continuous data were presented as
weighted average differences between groups
with 95% confidence intervals (CIs). Categorical
data (frequency of events) were described using
a risk ratio with 95% CI for randomised studies,
or mean ± standard deviation (SD) for obser-
vational studies. Qualitative indicators were
assessed using frequencies and percentage val-
ues, with a P value of less than 0.05 considered
to be statistically significant. Cohen’s stan-
dardized mean differences were used to calcu-
late treatment effect sizes. The characteristics
and risk of bias for each contributing study
(results not shown) were taken into account
when considering treatment effects for indi-
vidual outcomes. Forest plots were used to
visually assess for signs of heterogeneity, and
statistical heterogeneity was assessed using chi-
squared test (threshold P\0.10) and I2 statis-
tics, to quantify inconsistency across studies.

RESULTS

Identified Studies

Of 810 reports identified in the searches, seven
studies including a total of 6821 patients ful-
filled all criteria and were included in the anal-
ysis. The reasons for study exclusion are given
in Fig. 1, and the details of the included studies
are shown in Supplementary Table S2. One of
the included studies was a randomised con-
trolled trial [20], while the remaining six were
prospective, non-interventional studies (Sup-
plementary Table S2). All seven studies were
included in the analysis of HR [15, 20–25], six
studies were evaluable for angina symptoms
[15, 20–23, 25], five studies were evaluable for
weekly use of short-acting nitrates
[15, 20, 22, 23, 25], three studies were evaluable
for QoL [15, 20, 25], six studies were evaluable
for change in CCS classification [15, 20, 22–25]
and five studies were evaluable for safety
[15, 20, 22, 23, 25].

The baseline characteristics of patients
enrolled in the included studies were generally
similar between studies, except in one study
which only enrolled men [24], while weekly
angina attacks and concomitant medications
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varied across studies (Table 1). Overall, patients
had a mean HR of 83 bpm, a mean of two ang-
ina attacks per week and used short-acting
nitrates a mean of 1.8 times per week. The
majority of patients (60–88%) had hypertension
and approximately one-third of patients in
most studies had diabetes mellitus.

The majority of studies were rated as ‘‘low
risk’’ (N = 1) or ‘‘some concerns’’ (N = 4) for bias
risk (Fig. 2; Supplementary Fig. S1).

Primary Efficacy Outcomes

Among the seven evaluable studies, five
demonstrated reduced HR after 1 month of
ivabradine plus beta-blocker therapy
[15, 20, 21, 23, 25]. Statistical analysis of HR
effect size among these five studies revealed a
decrease in HR in all studies (Fig. 3a), with an
overall decrease in HR of 12.6 bpm in patients

receiving ivabradine plus beta-blocker therapy
(P\0.0001).

Among five evaluable studies
[15, 20, 21, 23, 25], treatment with ivabradine
plus a beta-blocker was associated with a pro-
gressive reduction in the mean number of ang-
ina attacks per week at 1 month (Fig. 4a).

Similarly, among three evaluable studies,
consumption of short-acting nitrates during the
first month of treatment was significantly
reduced from baseline (Fig. 5a) [15, 20, 25].
Evaluation of the effect size showed an overall
decrease in the use of short-acting nitrates of
1.25 times per week (P\ 0.0001).

Secondary Efficacy Outcomes

Among six evaluable studies, all showed a
reduction in HR from baseline to 4 months
(Fig. 3b), with four studies showing a decrease in
HR after 1 month of treatment with continued

Fig. 1 QUORUM diagram. CT.gov ClinicalTrials.gov, ICTRP International Clinical Trials Registry Platform
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Table 1 Baseline characteristics

Koester et al.

2010 [22]

(N = 344)

Werdan et al.

2012 [15]

(N = 2330)

Zaky et al.

2013 [24]

(N = 20)

Zarifis et al.

2015 [25]

(N = 2403)

Perings et al.

2016 [23]

(N = 798)

Glezer et al.

2018 [20]

(N = 876)

Kashtalap et al.

2019 [21]

(N = 50)

Age, years 66 ± 11 65.5 ± 10.9 66.4 ± 10.8 66.5 ± 10.9 66.2 ± 11 60.0 ± 9.6 62.4 ± 11.7

Female, % 41 41 0 44 41 49.9 64

CCS classification, %

I 22.7 29 10 37.7 21 0 –

II 52.1 51 45 44.8 54 68.1 –

III 23 19 30 16 22 31.9 –

IV 2.1 1 15 1.5 1 0 –

HR, bpm 84.3 ± 14.6 85 ± 12.3 82 ± 8 81.5 ± 9.7 80.6 ± 11.0 85.1 ± 10.4 86.9 ± 5.7

Angina attacks/week,

n

2.8 ± 3.3 1.7 ± 2.2 – 2.0 ± 2.0 1.3 ± 1.9 4 (2–8)a 4.7 ± 3.7

Use of short-acting

nitrates/week, n

3.7 ± 5.6 2.3 ± 3.3 – 1.4 ± 2.0 1.8 ± 3.0 4 (2–8)a –

Concomitant medications, %

CCBs 20.9 18.0 – 20.1 19.0 17.0 –

Long-acting nitrates 24.4 14.0 35.0 24.0 18.0 50.6 –

ACE inhibitors 53.5 51.0 75.0 28.6 60.0 72.9 94.0

ARBs 16.9 28.0 – 27.6 27.0 9.6 –

Lipid-lowering drugs 20.9 73.0 100.0 63.1 81.0 74.8 94.0

Aspirin/antiplatelet 79.7 80.0 100.0 71.2 78.0 92.6 98.0

Diuretics 39.5 38.0 – 21.4 42.0 14.8 –

Comorbidities, %

Hypertension 83.0 88.0 60.0 69.9 87.0 85.0 76.0

Diabetes mellitus 35.0 33.0 30.0 30.8 34.0 14.8 20.0

COPD 17.7 15.0 – 10.2 10.0 10.2 –

PAD 17.7 9.0 – 14.9 10.0 12.2 –

Depression 11.3 – – 12.3 – 9.1 –

Medical history, %

MI 45.0 36.0 – 31.5 37.0 36.5 –

CABG 22.0 – – 38.5 13.0 4.7 –

PCI 59.0 – – 55.0 4.3 –

Data are mean ± SD, unless where stated otherwise

ACE angiotensin-converting enzyme, ARBs angiotensin II receptor blockers, CABG coronary artery bypass graft, CCBs calcium channel blockers, CCS

Canadian Cardiovascular Society, COPD chronic obstructive pulmonary disease, HR heart rate, MI myocardial infarction, PAD peripheral artery disease,

PCI percutaneous coronary intervention, SD standard deviation
aMedian (25th and 75th percentile)
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HR reduction after 4months [15, 20, 23, 25]. The
overall mean reduction in HR from baseline to
month 4 was 18 bpm (P\0.0001).

The frequency of weekly angina attacks was
significantly reduced from baseline to 4 months
in all five evaluable studies [15, 20, 22, 23, 25].
Four studies showed reductions in weekly
angina attacks after 1 month that continued for
up to 4 months [15, 20, 23, 25]. Statistical
analysis of the effect size revealed the reduc-
tion ranged from 1.1 to 2.3 angina attacks
per week among the individual studies, with an
overall decrease of 1.56 angina attacks per
week after 4 months of treatment (P\ 0.0001)
(Fig. 4b).

Among five evaluable studies, weekly use of
short-acting nitrates was reduced from baseline
to month 4 in all studies [15, 20, 22, 23, 25],
with three studies showing continued reduc-
tions in weekly short-acting nitrates from 1
month through to 4 months [15, 20, 25]. Sta-
tistical evaluation of the treatment effect size
showed an overall decrease in short-acting
nitrate use of 1.58 times per week (P\ 0.0001)
(Fig. 5b).

The combination of ivabradine plus a beta-
blocker was associated with clinical

improvement after 4 months of treatment, as
evidenced by a change in the distribution of
CCS classification among patients. An increase
in the proportion of patients with CCS class I
angina was reported in the six evaluable studies
[15, 20, 22–25], with an overall proportional
increase in patients with CCS class I angina of
42% (Fig. 6).

Improvement in QoL was observed with
ivabradine plus beta-blocker therapy in three
evaluable studies, but formal statistical analysis
of the data was not possible [15, 20, 25]. In the
study by Zarifis et al. [25], the mean ± SD EQ-
5D index score improved at study completion
by 0.3 points compared with baseline (from
0.6 ± 0.3 to 0.9 ± 0.2), while mean ± SD VAS
score improved by approximately 16 points
(from 62.8 ± 16.3 to 78.9 ± 17.0). Similarly, in
the study by Werdan et al. [15] the mean ± SD
EQ-5D index score improved from
0.661 ± 0.267 at baseline to 0.749 ± 0.222 at
1 month and 0.827 ± 0.196 at 4 months. The
mean ± SD VAS score improved from
57.4 ± 18.3 points at baseline to 65.6 ± 16.0
points at 1 month and 72.7 ± 15.4 points at
4 months. Finally, in the study by Glezer et al.
[20], median (interquartile range) VAS patient

Fig. 2 Risk of bias in the included studies
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health status scores improved from 65 (48–78)
points at baseline to 32 (18–47) points at the
end of treatment.

Safety Outcomes

Among five evaluable studies, the overall fre-
quency of AEs ranged from 0.6% to 9.4% across
studies (Table 2). The most common AE was
bradycardia, which was reported in 0.04–1.3%
of patients across studies and in 0.1% of
patients overall. Other AEs were rare, being
reported in no more than 1.8% of patients
across studies.

DISCUSSION

This systematic review evaluated the efficacy
and safety of adjunctive ivabradine in patients
with angina inadequately controlled with beta-
blocker-based therapy. This review was based
largely on data from several prospective, obser-
vational studies, including a variety of settings
in real-life clinical practice. Addition of ivabra-
dine to beta-blocker therapy consistently
reduced HR, anginal symptoms and short-act-
ing nitrate consumption within 1 month of
initiating treatment, with continued improve-
ments for up to 4 months, resulting in

Fig. 3 Reduction in heart rate at a 1 month (heterogeneity I2 = 99.3%) and b 4 months (heterogeneity I2 = 98.5%) after
starting ivabradine plus beta-blocker therapy. CI confidence interval, ES effect size
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improved CCS class after 4 months of therapy.
Furthermore, ivabradine plus beta-blocker
therapy was well tolerated. These data suggest
that ivabradine may play a valuable role in tai-
loring early antianginal treatment, particularly
when used in combination with beta-blockers
in patients with chronic stable angina. Optimi-
sation of early antianginal treatment will ensure
more rapid and effective HR and symptomatic
control with improved tolerability.

The results of this systematic review are
consistent with those of two previously con-
ducted pooled analyses [16, 26]. A pooled

analysis based on five randomised controlled
trials in approximately 2400 patients with
symptomatic stable angina [26] and a pooled
analysis of data from three observational clini-
cal studies in approximately 8500 patients with
symptomatic angina who received ivabradine
for 3–4 months [16] both demonstrated signifi-
cant reductions in the frequency of angina
attacks and the consumption of short-acting
nitrates with ivabradine across a variety of sub-
populations of patients with angina seen in
clinical practice, independent of patient age,
comorbidities and use of beta-blockers.

Fig. 4 Frequency of anginal attacks at a 1 month (overall, P\0.0001 vs. baseline) and b 4 months after starting ivabradine
plus beta-blocker therapy. CI confidence interval, ES effect size
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Despite the advancement and development
of medical therapy and revascularisation tech-
niques during the past decades, controlling the
symptoms of angina is still challenging. Angina
remains prevalent in ambulatory patients with
non-negligible QoL and economic conse-
quences for these patients. For instance, in the
BRIDGE registry, more than 50% of patients
reported monthly angina, with a high preva-
lence of angina equivalents during exercise [27].

Interestingly, the presence of revascularisation
in the patient history was not linked to a better
symptomatic status, 40% of patients reported
deterioration of QoL (which was significantly
higher in recently diagnosed patients) and 78%
reported a negative impact on their employ-
ment. Patients in this registry were treated with
a mean of fewer than two antianginal drugs
[27], which may partially explain the

Fig. 5 Short-acting nitrate consumption at a 1 month (overall, P\0.0001 vs. baseline) and b 4 months (heterogeneity
I2 = 97.9%) after starting ivabradine plus beta-blocker therapy. CI confidence interval, ES effect size
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insufficient control of angina symptoms in
these patients.

In the CLARIFY registry, most patients with
symptomatic angina at baseline were treated
with a mean of two antianginal drugs, pre-
dominantly first-line antianginal therapy (i.e.
beta-blockers and calcium channel blockers)
and long-acting nitrates [28]. However, 50%
remained symptomatic within 1 year of follow-
up, regardless of treatment and the application
of revascularisation procedures (when consid-
ered appropriate by the treating physician) [28].
Moreover, in the placebo-controlled ORBITA
study, more than 50% of patients remained
symptomatic despite more than 90% receiving
triple-combination therapy with a beta-blocker,
calcium channel blocker and a long-acting
nitrate, a 6-week antianginal therapy optimisa-
tion period and undergoing revascularisation
[29–31].

The 2020 ESC chronic coronary syndrome
guidelines confirmed the lack of superiority
evidence among different antianginal classes, as
well as the limited evidence of the benefits of
combining first-line antianginals, with no data
on their use in combination with long-acting
nitrates [10]. The ESC guidelines endorse the
concept of antianginal therapy that is tailored
to the individual patient, their haemodynamic

status and the presence of comorbidities,
recommending the early combination of first-
and second-line antianginal drugs, like ivabra-
dine, in order to achieve fast alleviation of
angina symptoms within 2–4 weeks, if possible
[10]. Optimal medical therapy in angina is
defined by the ESC as one that can provide
efficacy with an excellent tolerability profile to
ensure long-term adherence to therapy [10],
which in this case is for life.

First-line haemodynamic antianginal drugs
are associated with many limitations in terms of
reaching the necessary dose in a real-life setting.
In the CLARIFY registry of more than 33,000
patients with coronary artery disease, 44% of
symptomatic patients maintained resting HR of
70 bpm or higher, despite the majority (75%)
receiving beta-blocker therapy [32, 33]. Of note,
mean beta-blocker dosages in CLARIFY were
35–76% of the maximum recommended levels
[32]. Reaching the beta-blocker target dose is
challenging, even in a clinical study setting like
ORBITA, in which 46% of patients did not reach
the beta-blocker target dose within 6 weeks of
optimising antianginal therapy [31]. The limi-
tations of beta-blocker up-titration as an
approach to reach target HR were further high-
lighted in the CONTROL-2 study [20]. While
such up-titration substantially reduced HR

Fig. 6 Proportion of patients with Canadian Cardiovascular Society class I (CCS-I) angina after 4 months of ivabradine
plus beta-blocker therapy
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(from 83.2 ± 10.9 bpm to 63 ± 8 bpm), and
target HR (55–60 bpm) was achieved in
approximately 50% of patients, adverse events
were frequent, being significantly more com-
mon than in patients in whom the treatment
approach was ivabradine plus beta-blockers
(18.4% vs. 9.4%, P\0.001). Rates of asthma,
dyspnoea, hypotension and fatigue were sig-
nificantly higher in the beta-blocker up-titra-
tion group.

A strategy of early treatment with a combi-
nation of first- and second-line antianginal
agents (like ivabradine) in order to achieve more
rapid control of HR and angina symptoms
seems a more practical approach than first-line
therapy alone, especially in real-life clinical

practice. In this setting, patients represent var-
ied clinical situations and comorbidities, which
may limit the application and effect of beta-
blockers or their combination with calcium
channel blockers or long-acting nitrates. More-
over, while ivabradine has a different primary
mechanism of action to beta-blockers, beta-
blockers may also affect If amplitude and action
potential duration of the nodal cells (via indi-
rect inhibition of cyclic adenosine monophos-
phate generation) [34], possibly providing a
complementary therapeutic effect when the
drugs are used in combination. Ivabradine also
has a good safety profile, does not affect blood
pressure and, unlike beta-blockers, has been
shown to preserve coronary vasodilatation

Table 2 Safety

n (%) Koester et al.
2010 [22]
(N = 344)

Werdan et al.
2012 [15]
(N = 2330)

Zarifis et al.
2015 [25]
(N = 2403)

Perings et al.
2016 [23]
(N = 798)

Glezer et al.
2018 [20]
(N = 876)

ADRs 5 (1.5) 14 (0.6) 31 (1.3) 18 (2.3) NR (9.4)

Serious ADRs 0 0 – 0 –

Bradycardia 1 (0.3) 1 (0.04) 8 (0.3) 3 (0.4) 11 (1.3)

Phosphenes 0 3 (0.13) 3 (0.1) 2 (0.3) 10 (1.1)

Headache 1 (0.3) 3 (0.13) – – 7 (0.8)

Atrial fibrillation – – 2 (0.1) 1 (0.1) –

Dizziness/syncope 2 (0.6) – – 2 (0.3) 10 (1.1)

Palpitations – – – 2 (0.3) –

Gastrointestinal – – – – 8 (0.9)

Cough – – – – 5 (0.6)

Sexual dysfunction – – – – 2 (0.2)

Hypotension – – – – 8 (0.9)

Weakness – – – – 16 (1.8)

Fatigue – – – – 1 (0.1)

Seizures, pain in the

muscles of the legs

– – – – 1 (0.1)

Sleep disorders – – – – 1 (0.1)

Nausea 2 (0.6) – – – –

ADR adverse drug reaction, NR not reported
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during effort [35]. In addition, ivabradine pro-
vides better myocardial perfusion for each HR
bpm reduction than beta-blockers [36], with no
risk of bradycardia, as HR is reduced according
to the patient’s pretreatment HR [37].

There are some limitations of this systematic
review and meta-analysis. Firstly, only two
randomised studies were included in the anal-
ysis. Additionally, the open and observational
design of the included studies may represent a
bias for result interpretation. Risk of this bias
may be partly reduced by the fact that the
intervention’s large clinical effect was observed
within relatively large sample sizes. Our review
focused mainly on real-life, open-label studies
that lacked a placebo-control group, which may
also be perceived as a limitation; however, real-
life studies have been shown to have external
validity, and to provide information that can
complement data from randomised controlled
trials that enrol very selective patient popula-
tions [38]. Real-life data are now considered by
some regulatory agencies as robust enough to
support the regulatory decision-making and
approval process [39]. The average HR of
patients in the studies in this analysis was
between 80.6 and 86.9 bpm, which is the pop-
ulation in whom beta-blocker plus ivabradine
therapy is recommended in the European
guidelines [10]. Therefore, our data should not
be generalised to a patient population with
well-controlled HR during beta-blocker therapy.

CONCLUSIONS

This systematic review and meta-analysis indi-
cated that combination therapy with ivabradine
plus a beta-blocker was effective from the first
month of treatment and was well tolerated in
real-life clinical practice in patients with angina
that was inadequately controlled with beta-
blocker-based therapy, including those with
multiple comorbidities. In addition to guide-
line-recommended treatments, ivabradine plus
beta-blocker therapy may be a useful antiangi-
nal treatment to optimise symptomatic control
in patients with chronic stable angina.
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