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Abstract

Purpose The anti-anginal efficacy of the selective If

inhibitor ivabradine has been demonstrated in controlled

clinical trials. However, there is limited information about

the safety and efficacy of a combined treatment of ivabradine

with beta-blockers, particularly outside of clinical trials in

every day practice. This analysis from the REDUCTION

study evaluated the safety and efficacy of a combined ther-

apy of beta-blockers and ivabradine in every day practice.

Methods In this multi-center study 4,954 patients with

stable angina pectoris were treated with ivabradine in every

day routine practice and underwent a clinical follow-up for

4 months. 344 of these patients received a co-medication

with beta-blockers. Heart rate (HR), angina pectoris epi-

sodes, nitrate consumption, overall efficacy and tolerance

were analyzed.

Results After 4 months of treatment with ivabradine HR

was reduced by 12.4 ± 11.6 bpm from 84.3 ± 14.6 to

72.0 ± 9.9 bpm, p \ 0.0001. Angina pectoris episodes

were reduced from 2.8 ± 3.3 to 0.5 ± 1.3 per week,

p \ 0.0001. Consumption of short-acting nitrates was

reduced from 3.7 ± 5.6 to 0.7 ± 1.7 units per week,

p \ 0.0001. Five patients (1.5%) reported adverse drug

reactions (ADR). The most common ADR were nausea and

dizziness (\0.6% each). There was no clinically relevant

bradycardia. Efficacy and tolerance were graded as ‘very

good/good’ for 96 and 99% of the patients treated.

Conclusion Ivabradine effectively reduces heart rate and

angina pectoris in combination with beta-blockers and is

well tolerated by patients in every day practice.

Keywords Ivabradine � Coronary artery disease �
Angina pectoris

Introduction

A high heart rate can induce myocardial ischemia and

angina pectoris symptoms in patients with coronary artery

disease [1–3]. Therefore, recent guidelines for the treat-

ment of stable angina pectoris recommend to reduce heart

rate to 55–60 bpm [4–6]. Various studies in different

populations have shown that a low heart rate at rest is

associated with low total and cardiovascular mortality

[7–9]. Recently, the BEAUTIFUL study demonstrated the

importance of resting heart rate on cardiovascular events in

a prospective manner in patients with coronary artery dis-

ease [10, 11].

Ivabradine reduces heart rate by its specific action on the

sinus node [12]. It inhibits the If current of pacemaker cells

with subsequent exclusive heart rate reduction [13]. Beta-

blockers, in contrast, act via beta-receptors in various

organs. Therefore, they exhibit various effects beside heart

rate reduction. Since beta-blockers and ivabradine act via
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different pathways on the sinus node, they act in comple-

mentary and at least by partially additive mechanisms.

There are several clinical scenarios which raise the

desire to use beta-blockers and ivabradine simultaneously.

These are, for instance, the patients that are still symp-

tomatic or have an insufficient heart rate reduction after

high dose of beta-blocker therapy or the patients who tol-

erate only small doses of beta-blocker and gets side effects

with higher doses. Subpopulations from two recently

published trials indicated that beta-blocker therapy and

ivabradine can be combined [10, 14]. However, the data

were evaluated under clinical trial conditions and a variety

of patients with co-morbidities, such as advanced renal

insufficiency or a low heart rate were excluded. On the

other hand, also patients with normal findings, such as a

normal left-ventricular function were excluded in the

BEAUTIFUL trial [10, 11].

Patients in controlled clinical trials do not represent

every day populations because they are subject to a sub-

stantial selection and are more thoroughly followed-up

[15]. In most cases, the patients, who consent to participate

in a controlled clinical study have a better compliance than

the common patient treated in every day routine practice.

Multi-morbid patients and patients with polytherapy are

often excluded from controlled clinical trials [16, 17].

Therefore, there is the need for evaluating whether favor-

able results from clinical studies measure up in every day

practice. The open-label REDUCTION study demonstrated

the efficacy and safety of the treatment of patients with

chronic stable angina pectoris with ivabradine in a large

patient population of 4,954 patients under every day

practice conditions [18].

In this subgroup analysis from the REDUCTION study,

we evaluated whether a combined therapy of ivabradine

and beta-blockers is safe and efficient in every day routine

practice.

Methods

Design

The study was conducted as a multi-center, prospective,

open-label, non-interventional study. 4,954 patients who

were treated with ivabradine were included and were pro-

spectively followed by 1,503 general practitioners, internal

medicine physicians, and cardiologists in private practice

in Germany. All investigating physicians filled out a

standardized questionnaire during the treatment of the

patient.

The study is in accordance with the Declaration of

Helsinki and was conducted in agreement with the ethical

guidelines of the European Independent Ethics Committee.

Inclusion and exclusion criteria

Patients were included if they were in sinus rhythm and if

there was a need for symptomatic treatment of chronic

stable angina pectoris.

The patients had the following differential indications

for treatment with ivabradine:

• initial medical therapy for chronic stable angina

pectoris;

• change in the patient’s medical treatment during

therapy for chronic stable angina pectoris because of

drug intolerance/side effects, insufficient efficacy or

contraindication;

• supplementation of the ongoing medical regimen for

stable angina pectoris with or without concomitant

disease.

Treatment was initiated with ivabradine 5 mg twice

daily. Increase in dose was possible after 2–4 weeks up to a

target dose of 7.5 mg twice daily.

A lower dose of 2.5 mg of ivabradine twice daily was

suggested in patients with the following features: Age

C75 years, renal insufficiency with a creatinine clearance

\15 ml/min, heart rate continuously \50 bpm during

treatment, or symptomatic bradycardia.

Clinical examinations

Three clinical visits were performed: one at baseline and

one after approximately 1 and 4 months of ivabradine

treatment. At the first visit, the general and the cardiac

history were documented. Cardiac risk factors, concom-

itant disease and other therapies were recorded. Heart

rate and blood pressure were measured. The number of

angina pectoris attacks within the week prior to the visit

and the use of short-acting nitrates (nitrate capsules and

hubs) were registered. The participating cardiologists

optionally performed an electrocardiogram (ECG) at

each visit.

The first follow-up examination was done after 2–4

weeks. At this time, blood pressure, heart rate, number

of angina pectoris episodes within the last week and the

consumption of short-acting nitrates were recorded.

The dose of ivabradine was changed when necessary,

and suspected adverse drug reactions (ADRs) were

evaluated. The second control visit followed after

approximately 4 months. At this time, the same clinical

controls as after 4 weeks were performed. In addition,

the change in concomitant therapy was recorded and a

final grading of the efficacy and tolerance of ivabradine

therapy was compiled according to the physician’s

assessment using a scale including ‘very good’, ‘good’,

‘moderate’ or ‘poor’.
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Statistical analysis

A descriptive statistical analysis was performed, assisted

by SAS� software, version 9.1. Patients were considered if

they had valid data from all visits. The changes in blood

pressure and heart rate were calculated using the one

sample t test. Differences in the numbers of angina pectoris

episodes and in the necessity to use anti-anginal drugs were

evaluated by the Wilcoxon’s signed rank test. Values are

expressed as mean ± SD. A p \ 0.05 was considered to be

significant.

Results

Study population

Of the 4,954 patients 344 were treated with ivabradine and

beta-blockers. The following data refer to this group with

beta-blockers. 59% of the patients were male, 41% female.

The mean age was 66 ± 11 years. 285 patients (83%)

had arterial hypertension and 279 (81%) hypercholester-

olemia, 169 (49%) suffered from overweight, 121 (35%)

had diabetes mellitus and 73 (21%) were smokers or

ex-smokers.

The mean duration of coronary artery disease in the

group was 6.3 ± 6.2 years. The mean duration of the his-

tory of angina pectoris was 4.2 ± 4.6 years. The CCS

classification of angina pectoris of the patients is given in

Table 1 [19].

Concomitant diseases, medication and procedures

In general, patients were pretreated with a beta-blocker and

ivabradine was given on top. A previous percutaneous

coronary intervention (PCI) had been performed in 194

(59%) of the patients. 71 patients (22%) had already been

treated with coronary artery bypass surgery (CABG). A

PCI or CABG surgery or both had been performed in 223

(66%) of the patients. 149 patients (45%) had a previous

myocardial infarction.

Concomitant diseases were present in 215 patients

(63%). They are specified in Table 2.

The most frequently used beta-blockers were metoprolol

(41%), bisoprolol (27%), carvedilol (9%) and nebivolol

(9%). The average daily doses of these were metoprolol

99.0 mg, bisoprolol 5.7 mg, carvedilol 22.5 mg, nebivolol

5.1 mg. During the observation period, the beta-blockers

were stopped in 30 patients and reduced in dose in 15

patients. The main reasons for stop or reduction in beta-

blockers included fatigue, depression and respiratory

symptoms. In two patients, dose was increased and 28

patients received de novo beta-blockers.

The dose of ivabradine during follow-up is given in

Table 3.

Therapy with ivabradine beside the beta-blocker was

discontinued in 18 of 344 patients (5.4%). In five patients,

intolerance was reported. In one patient, there was a sinus

bradycardia with a heart rate around 40 bpm. After dis-

continuation of the drug, all side effects were reversible

without any clinical sequelae. Three patients discontinued

for insufficient effect, two patients for insufficient com-

pliance, and eight patients discontinued independently on

their own intention without reported reason or other rea-

sons such as being symptom free.

Co-medication beside the beta-blocker and ivabradine

treatment during the observation period was given in 330

patients (96%). This is shown in Tables 4 and 5.

Table 1 CCS classification of angina pectoris grade in the study

population

CCS classification [19] Percentage of patients

Grade I 22.7

Grade II 52.1

Grade III 23.0

Grade IV 2.1

CCS Canadian Cardiovascular Society

Table 2 Concomitant diseases of the patients

Concomitant disease n Percentage

of patientsa

Asthma bronchiale 12 3.5

Cerebrovascular event 17 4.9

Chronic kidney disease 11 3.2

Depression 39 11.3

Hyperuricemia 52 15.1

Chronic obstructive pulmonary disease 71 20.6

Peripheral artery disease 61 17.7

a Total number of patients: n = 344

Table 3 Percentage of patients with different doses of ivabradine

during 4 months follow-up

Dose Starting

dose

After

1 month

After

4 months

2.5 (mg bid) 26.6% 13.0% 10.9%

5.0 (mg bid) 73.4% 70.8% 69.0%

7.5 (mg bid) 0.0% 16.1% 20.1%

Average total daily dose (mg) 8.7 10.2 10.5

bid dose applied twice daily
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Heart rate and ECG parameters

The heart rate was reduced by 12.4 ± 11.6 bpm from

84.3 ± 14.6 to 72.0 ± 9.9 bpm between baseline evalua-

tion and the second follow-up visit after 4 months

(p \ 0.0001) (Fig. 1).

No marked changes were seen in the ECG parameters,

e.g. PQ-, QRS- and QTc periods as far as available. Rel-

evant, but physiological changes were only observed in RR

interval and in the uncorrected QT according to the

reduction of heart rate.

Angina pectoris and nitrate consumption

77% of the patients had one or more angina pectoris epi-

sodes per week prior to the initiation of therapy with iva-

bradine. At the time of follow-up visit 4 months later, the

frequency of angina pectoris episodes had been signifi-

cantly reduced under ivabradine therapy (from 2.8 ± 3.3 to

0.5 ± 1.3 attacks per week, p \ 0.0001) (Fig. 2).

The consumption of nitrates (hubs and capsules) in the

time between baseline and the follow-up visit after

4 months was significantly reduced in association with the

treatment with ivabradine (3.7 ± 5.6 to 0.7 ± 1.7,

p \ 0.0001) (Fig. 3).

The systolic mean blood pressure was reduced from

139.8 ± 18.0 to 130.2 ± 12.6 mmHg between baseline

and the fourth month of treatment including ivabra-

dine, beta-blockers and anti-hypertensive co-medication

(-9.7 ± 14.9 mmHg). Diastolic mean blood pressure was

reduced from 82.9 ± 10.7 to 77.5 ± 7.3 mmHg between

the baseline visit and the follow-up after 4 months of

treatment (-5.4 ± 9.8 mmHg).

The treating physicians regarded the efficacy of ivabr-

adine as very good in 51.5% of the patients, as good in

44.6%, as moderate in 3.3% and as poor in 0.6% of the

patients.

Adverse events/ADR

Eight suspected ADR were reported in five patients (1.5%

of 344 patients, none of these were classified as severe).

Most commonly were nausea (5 episodes in 2 patients) and

dizziness (3 episodes in 2 patients). None of the patients

complained about luminous phenomena (phosphenes). One

patient developed headache. Cardiac ADR was reported in

one patient with sinus bradycardia. This resolved without

any sequel after discontinuation of ivabradine. There were

no other cardiac side effects. There were no serious adverse

events and no death.

Seven ADR were related to ivabradine in four patients

(mainly gastrointestinal symptoms), one event was regar-

ded to be definitively related (bradycardia), three probably

related to ivabradine, three possibly related, and one was

not evaluable.

Table 4 Cardiovascular medication before and during the therapy

with the combination of ivabradine and beta-blocker

Medication n Percentage of patients

ACE inhibitor 184 53.5

Acetylsalicylic acid 274 79.7

AT-II-antagonists 58 16.9

Calcium channel blockers 72 20.9

Clopidogrel 71 20.6

Diuretics 136 39.5

Long-acting nitrates 84 24.4

Molsidomine 51 14.8

Statin 224 65.1

Ticlopidine 1 0.3

Table 5 Non-cardiovascular medication

Medication n Percentage of patientsa

Antidepressants 31 9.0

Bronchospasmolytics 32 9.3

Inhalative corticoids 15 4.4

Insulin 33 9.6

L-Thyroxine 30 8.7

Oral anti-diabetics 69 20.1

Theophylline 14 4.1

Other 70 20.3

a Total number of patients: n = 344

Fig. 1 Heart rate reduction under the combined treatment with

ivabradine and beta-blocker in an observation period of 4 months.

Average starting dosage was 8.7 mg at baseline, 10.2 mg at first

month and 10.5 mg after 4 months. The given baseline value

represents the heart rate under the therapy with beta-blockers before

the start of therapy with ivabradine
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The patient’s tolerance of ivabradine was graded as very

good in 63.2% of the patients, as good in 36.2%, as

moderate in 0.6% and as poor in 0.0% of the patients.

Discussion

Frequently, there is a discrepancy between the results of

controlled clinical trials and the experience made in every

day clinical practice [16]. This is partially due to specific

patient selection in randomized clinical trials. Thus,

observational data bases can give valuable additional

information for the clinical use of a ‘new drug’. Therefore,

this study evaluated the efficacy, safety and tolerance of

ivabradine in combination with beta-blocker therapy

deliberately under every day routine conditions.

The main finding from this study is that treatment with

ivabradine in combination with beta-blockers is efficient

and safe in the broad spectrum of patients in every day

practice. On top of beta-blocker therapy, ivabradine

achieved an additional heart rate reduction without induc-

tion of any critical bradycardia. Angina pectoris and nitrate

consumption were further markedly reduced, whereas

adverse effects, such as phosphens, occurred less frequent

than expected from randomized and non-randomized trials

[11, 14, 20].

This is the first study which covers the entire spectrum

of patients seen in every day practice. The two other

published trials, BEAUTIFUL and ASSOCIATE, which

included patients with ivabradine and beta-blockers in

selected groups of patients, suggested, that beta-blockers

and ivabradine can be combined [11, 14]. However, both

studies excluded a variety of patients. The BEAUTIFUL

trial excluded all patients with an EF above 40% and

included also patients without angina symptoms [11]. The

ASSOCIATE trial included 30% of patients who had no

angina pectoris in the run-in period, excluded patients with

left bundle branch block, high grade renal insufficiency and

disability to exercise [14]. In contrast to our study, the

mean heart rate of the ASSOCIATE population was lower

with 67 bpm at baseline [14]. These inclusion and exclu-

sion criteria led to the evaluation of a population, which

does not include all patient groups seen in daily practice.

Insofar, our study extends the evaluation of ivabradine in

combination with beta-blockers to new patient groups and

provides information about patients not evaluated and

described previously in the literature.

In our patient population, the heart rate reduction of

12 bpm under ivabradine was significant and occurred

mainly at the first 4 weeks of treatment. The finding of

further heart rate reduction by ivabradine, despite a pre-

existing and ongoing beta-blocker therapy was consistent

with that from the BEAUTIFUL trial, in which heart rate

was reduced by 8 bpm [11]. One reason for the more

pronounced heart rate reduction in the present trial can be a

higher baseline heart rate in this study compared to that in

the BEAUTIFUL trial.

Fig. 2 Number of angina pectoris episodes at baseline and at follow-up.

Ivabradine reduced the number of angina pectoris episodes significantly.

Values depicted represent the number of episodes in the week prior to the

respective visit

Fig. 3 Nitrate use at baseline and at follow-up at 4 months. The total

number of nitrate spray and capsule consumption during the week

prior to evaluation was significantly reduced under ivabradine

treatment
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However, the average heart rate of 72 bpm reached in

our study was still relatively high for a population with

chronic angina pectoris. One explanation for this effect

may be underdosing of ivabradine. The average dose after

4 months was only 10.5 mg, whereas 15 mg would have

been the maximum approved dose. This underdosage

phenomenon has also been seen in other trials, such as

the BEAUTIFUL trial, and may be related to a general

and natural reservation of doctors to up-titrate novel

drugs maximally. Because ivabradine was not maximally

up-titrated, its effect on angina relief might have been

underestimated in this trial and there may be more thera-

peutic potential than demonstrated yet.

Beta-blockers were not maximally dosed in this trial

either, i.e. the mean dose of metoprolol was only 99 mg/

day. This phenomenon is also well known from other trials,

from common clinical practice, and from various surveys

in patients with stable angina pectoris, heart failure and

status post-myocardial infarction [21–23].

Despite the recommendation to up-titrate beta-blockers

to full dosages, data in clinical practice usually show

substantial underdosing of beta-blockers, with dosages

B50% than the dosages that randomized trials have proved

to be effective [21].

In the BEAUTIFUL trial, for instance, approximately

half of the patients did not reach the target dose of the beta-

blocker, for reasons, such as fatigue, dizziness, bradycar-

dia, hypotension, and sexual dysfunction [24].

In the present study, this effect could partially be

explained by reduced tolerability of higher doses of beta-

blockers. Therefore, in patients who do not tolerate higher

doses of beta-blockers or in whom sufficient symptom

relief and heart rate reduction with beta-blockers cannot be

achieved, the combination with ivabradine appears to be an

appropriate therapeutic option. In clinical practice, the

patient group, which raises physicians’ reservations against

high-dose beta-blockers, include a wide variety of indi-

viduals with comorbidities [25, 26]. Apart from that there

are patients that still have symptoms despite an optimal

dose of beta-blockers. Regarding the large number of

patients, in which the treating physician rather aims to a

medium beta-blocker dose than to a high dose, or observes

an insufficient anti-anginal effect with high doses, there

appears to be a large therapeutic potential for the combi-

nation therapy with ivabradine to improve symptoms and

to reach the recommended heart rate of 55–60 per min as a

goal for the treatment of angina pectoris [4–6].

The blood pressure in our study was slightly reduced

between baseline and the two follow-up visits. This cannot

be explained by an ivabradine effect because ivabradine

has been shown in multiple trials to have virtually no effect

on blood pressure [27, 28].

In fact, the decrease in blood pressure can most likely be

explained by the use of additional co-medication, such as

calcium channel blockers or ACE inhibitors. The reduction

in the blood pressure can also contribute to the relief of

angina pectoris, so that the ivabradine effect may be

overestimated [29]. However, the reduction in blood

pressure was moderate and the whole reduction was com-

pletely within the normal blood pressure range, and,

therefore, most likely irrelevant for the reduction in the

angina attacks. Thus, after having taken this effect into

account, exclusive heart rate reduction by ivabradine still

appears to be the major factor for relief of symptoms.

Suspected ADR in this group were present in five

patients (1.5%). These were mostly related to gastrointes-

tinal discomfort or dizziness. There was one cardiac

adverse reaction (0.3%), which consisted of a sinus bra-

dycardia that disappeared after discontinuation of the iva-

bradine medication. The low rate of adverse events is in

agreement with the results from other studies, such as the

BEAUTIFUL trial [11, 27, 30]. This result suggests a high

tolerance of ivabradine in combination with beta-blockers

and also with various co-medications under every day

conditions.

Visual adverse reactions, such as phosphens were not

reported in this study. This is lower than expected from

other trials, which reported 0.5–2% of phosphens [11, 14].

The lower rate of phosphens reported in this trial may be

explained by the fact that the patients were interviewed in

an open mode for side effects, and were not specifically

asked for visual effects in the sense of phosphens. Previous

studies showed that the rate of phosphens reported by

specifically informed individuals has been four times

higher compared with that reported by subjects who were

unaware of it [31]. It is suggestive, that patients in clinical

studies are more informed, and therefore aware of phos-

phens than those in every day practice. Hence, it can be

assumed that they report it more frequently than patients do

on their own intention in every day practice.

When considering the overall low rate of ADR in the

study group with beta-blockers and ivabradine, it is com-

prehensible that the vast majority of the treating physicians

considered the tolerance of ivabradine as excellent or very

good.

Study limitations

A major limitation of this study is the open-label, obser-

vational non-interventional design. This can generate a bias

to overestimate the clinical benefits of ivabradine; how-

ever, it closely represents every day practice reality. A

further limitation is the short follow-up period of only

4 months.
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When considering that the mean heart rate achieved in

this study after 4 months was still rather high with 72 bpm,

and that only 20% of the patients received the maximum

dose of ivabradine of 7.5 mg twice daily, there was

potential to increase the ivabradine dose, and potentially its

beneficial effect, too. Thus, the therapeutic potential of

ivabradine in this group appears not completely utilized

and the clinical benefits may still remain underestimated.

On the other hand, the relatively low dose may cause an

underestimation of the adverse effects, which typically

occur more often at higher doses.

The reduction in blood pressure as a probable result of

the change of co-medication may also have reduced angina

pectoris and may lead to overestimation of the ivabradine

effect.

Conclusions

Ivabradine effectively reduces heart rate in combination

with beta-blockers. This is associated with a marked

reduction in angina pectoris attacks and nitrate consump-

tion in every day practice.

Ivabradine in combination with beta-blockers was safe

and well tolerated by the majority of patients without any

relevant bradycardia. A combination of ivabradine with

beta-blockers appears to be a reasonable treatment option

for patients with chronic stable angina pectoris.
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