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Abstract

Purpose In patients >80 years (octogenarians), there is
an increased incidence of bradycardia due to age-related
alteration of the sinus node, AV node, and the conduction
system. Therefore, the treatment of angina pectoris with
beta-blockers may be limited by bradycardia. The
REDUCTION multicenter study evaluated the efficacy of
ivabradine in stable angina pectoris in everyday practice.
This subgroup analysis evaluated the efficacy and safety of
ivabradine in octogenarians.

Methods A total of 4,954 patients were included in the
REDUCTION study for treatment of stable angina pectoris.
This group included 382 octogenarians (mean age
83 £ 2.9 years) who were followed up over 4 months.
Patients were treated with ivabradine in flexible doses (2.5,
5, or 7.5 mg bid). Heart rate (HR), angina pectoris attacks,
nitrate consumption, overall efficacy, and tolerance were
evaluated.

Results After 4 months of treatment with ivabradine, HR
was reduced by 12.0 £+ 12.0 bpm from 83.0 + 15.4 to
71.0 £ 10.1 bpm (p < 0.0001). Angina pectoris attacks
were reduced from 3.0 4.6 to 0.8 & 1.8 per week
(p < 0.0001). Consumption of nitrates decreased from
42 4+ 5.1 to 1.2 £ 2.7 (p < 0.0001). Four patients repor-
ted suspected adverse drug reactions. In one patient a
syncope occurred. There was no symptomatic bradycardia
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reported. Efficacy and tolerance were assessed as ‘very
good/good’ for 95 and 99%.

Conclusions The results demonstrate that ivabradine
efficiently reduces HR, number of angina attacks, and
nitrate consumption in octogenarian patients. The treat-
ment was safe and well tolerated without relevant
bradycardia.
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Introduction

A high heart rate (HR) can provoke myocardial ischemia
and angina in patients with coronary artery disease [1, 2].
Therefore, HR should be reduced to 55-60 bpm for treat-
ment of angina [3-5]. Various studies demonstrated that a
low resting HR was associated with a low cardiovascular
mortality [5-9].

Ivabradine reduces HR by a selective effect on the sinus
node [10]. In comparison to other HR-lowering agents,
ivabradine has an extremely selective mode of action.
Nearly all other drugs which reduce HR, such as beta-
blockers or calcium channel blockers, act on the sinus
node, the AV node, and the conduction system. This may
lead to deleterious side effects, such as AV block or severe
bradycardia [11]. These effects have particular importance
in elderly patients over 80 years (octogenarians) because in
this group a high incidence of age-related degeneration of
the conduction system can be expected. If octogenarians
receive negative chronotropic drugs, they often react more
sensitive than younger people. For instance, it is a common
clinical observation that elderly people often react sensitive
to small doses of beta-blockers, including the induction of
AV blocks and syncope.
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Since HR reduction in the elderly is associated with
these drawbacks, it appears to be particularly attractive to
target their sinus node as selective as possible.

Octogenarians are usually not included or they are
underrepresented in controlled clinical trials [12-16].
Reasons for this include poor compliance due to cerebro-
vascular disease or Alzheimer’s disease, comorbidities
such as advanced renal or liver failure, inability to perform
exercise tests, or insufficient mobility to attend follow-up
visits. Octogenarians also appear to be underrepresented in
different controlled studies on the effects of ivabradine [7,
17-20]. However, octogenarians are increasingly repre-
sented in common practice of general and internal
physicians.

Clinical trials strictly select patients [21]. Because of
selection and more thorough follow-up, patients in con-
trolled trials do not represent everyday populations [22].
For this reason, there is a need to analyze whether favor-
able data from clinical trials translate into clinical practice.
This was done with the open-label REDUCTION study
[23]. It showed a high degree of efficacy and safety of the
treatment of patients with coronary artery disease with
ivabradine in a patient population of 4,954 patients under
everyday practice conditions [23].

In this subgroup analysis from the REDUCTION study,
we evaluated whether treatment with ivabradine is safe and
efficient in everyday routine practice in octogenarians.

Methods
Design

The study was conducted in a multi-center, prospective,
open-label, non-interventional design. 4,954 patients who
received ivabradine were included in the study. They were
prospectively followed by 1,503 cardiologists, internal
medicine physicians, and general practitioners in private
practice in Germany. All of these filled out a standardized
questionnaire during the treatment and follow-up.

The trial was in accordance with the regulations of the
Declaration of Helsinki and was conducted conform to the
ethical guidelines of the European Independent Ethics
Committee.

Inclusion and exclusion criteria

The inclusion criterion was the necessity for medical
treatment of chronic stable angina pectoris in patients with
stable sinus rhythm.

The following indications were given for treatment with
ivabradine:
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e Initial medical treatment for recurrent stable angina
pectoris.

e Modification of the medical therapy of the patient
during treatment for chronic stable angina pectoris,
induced by drug intolerance/side effects, insufficient
efficacy, or contraindications.

e Expansion of the ongoing therapy for chronic stable
angina pectoris with or without progressive disease.

In the octogenarians, it was recommended to start
therapy with ivabradine 2.5 mg twice daily before a
gradual up-titration to the target dose of 7.5 mg twice
daily. The up-titration of dosage was recommended after
2-4 weeks if the drug was tolerated and if HR was above
the target HR of 55-60 bpm for the treatment of chronic
stable angina pectoris.

Clinical examinations

The patients underwent three clinical controls: at baseline
and after 1 and 4 months of treatment with ivabradine. At
the baseline visit, the general and cardiac history was
taken. Concomitant disease, concomitant therapy, and
cardiac risk factors were evaluated. Blood pressure and HR
were documented. The number of angina pectoris episodes
within the last week and the application of short-acting
nitrates (including nitrate hubs and capsules) were
registered.

The first follow-up examination took place after
2-4 weeks. At this control, the following parameters were
documented: HR, blood pressure, number of angina pec-
toris attacks within the previous week, and the consump-
tion of short-acting nitrates. The dose of ivabradine was
increased if it was appropriate, and the patient was asked
for suspected adverse drug reactions (ADR). At the second
follow-up visit after 4 months, the same controls as after
1 month were repeated. The change of co-medication was
documented, and a final evaluation of efficacy and toler-
ance of ivabradine was performed by the physician. For
this purpose, a scale including ‘very good’, ‘good’, ‘mod-
erate’, or ‘poor’ was used.

Statistical analysis

The statistical analysis included a descriptive analysis
which was performed using SAS® software, version 9.1.
Patients were included if they had valid data from base-
line and all follow-up visits. The changes of the HR and
blood pressure were analyzed with the one-sample ¢ test.
Changes of the occurrence of angina pectoris attacks
and the need for the use of short-acting nitrates were
evaluated by the Wilcoxon signed-rank test. Data are
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expressed as mean = SD. A p value <0.05 was consid-
ered as significant.

Results
Study population

Of the 4,954 patients 382 were octogenarians. The fol-
lowing data refer to this group of octogenarians: 58%
females, 42% males (whereas in the entire REDUCTION
population there were 59% males). Their mean age was
83 + 3 years. 96.6% were aged between 80 and 90 years,
3.4% between 90 and 100 years. 319 patients (84%) had
arterial hypertension and 268 (70%) hypercholesterolemia.
123 (32%) suffered from overweight, and 108 (28%) had
diabetes mellitus. 32 (8%) were smokers or ex-smokers.

History revealed a mean duration of coronary artery
disease in the octogenarian group of 9.0 £ 6.7 years
(whereas this was 5.2 £ 4.9 years in the entire REDUC-
TION group). The duration of recurrent angina pectoris
was with 5.6 £ 5.2 years longer than in the total group
(3.6 & 3.9 years). In 12% of the patients, the duration of
angina pectoris was short (<6 months). The CCS classifi-
cation of the degree of angina pectoris of the patients is
shown in Table 1 [24].

Compared to the general REDUCTION population,
there were less patients with angina grade CCS I, but more
with grade CCS III and IV.

Concomitant diseases, medication, and procedures

There were 129 patients (35%) who had undergone a
percutaneous coronary intervention (PCI) previously. 75
patients (20%) had been treated with coronary artery
bypass surgery (CABG). A PCI or CABG surgery or both
had been performed in 171 of the patients (45%). 132
patients (35%) had a previous myocardial infarction.
Concomitant diseases are listed in Table 2.

Table 1 CCS classification of the angina pectoris grade in the
octogenarians

CCS Percentage of patients
classification [24]  in the general

Percentage of patients
in the octogenarian

REDUCTION group group
Grade [ 26.4 14.4
Grade 11 53.2 50.4
Grade 111 19.6 325
Grade 1V 0.8 2.7

CCS Canadian Cardiovascular Society

Table 2 Concomitant diseases of the octogenarian patients of the
study population

Concomitant disease n Percentage
of patients®
Asthma 27 7.1
Cerebrovascular accident 32 8.4
Chronic obstructive pulmonary disease 128 335
Depression 76 19.9
Hyperthyroidism 17 4.5
Nephropathy 36 9.4
Peripheral artery disease 83 21.7

* Total number of patients n = 382

Before the start of therapy with ivabradine, beta-block-
ers were discontinued in 170 patients [in 110 patients
(65%) for side effects, in 25 (15%) for contraindications,
and in 48 (28%) for insufficient effect]. The mean doses of
beta-blockers besides the ivabradine therapy during the
observation period of the study were metoprolol
78 £+ 46 mg/day, bisoprolol 5 &£ 2 mg/day, -carvedilol
19 £ 7 mg/day, and nebivolol 5 + 0 mg/day. Calcium
channel blockers were discontinued in 17 patients [side
effects in 8 patients (47%), insufficient effect in 12 patients
(71%), and contraindications in 3 patients (18%)], and
glycosides in 15 patients [side effects in 4 patients (27%),
insufficient effect in 12 patients (80%), and glycosides
were applied in standard doses]. Co-medication during the
observation period is shown in Tables 3 and 4.

The dose of ivabradine applied during follow-up is
shown in Table 5.

The dose of ivabradine was increased in 31.6% of the
patients during follow-up (mean 1.7 mg). In one patient
(0.3%) it was reduced. After the observation period, iva-
bradine therapy was continued in 354 (94.4%) of the
patients and discontinued in 21 (5.6%).

Table 3 Cardiovascular medication during the treatment with
ivabradine

Medication n Percentage
of patients
ASA 307 80.4
Statin 213 55.8
ACE inhibitor 210 55.0
Diuretics 171 44.8
Long-acting nitrates 107 28.0
Molsidomine 92 24.1
Calcium channel blockers 85 223
AT-II antagonists 75 19.6
Beta-blocker 44 11.5
Clopidogrel 32 8.4
Glycosides 12 3.1
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Table 4 Non-cardiovascular co-medication

Medication n Percentage
of patients®
Bronchospasmolytics 95 249
Oral antidiabetics 64 16.8
Inhalative corticoids 52 13.6
Antidepressants 46 12.0
Theophylline 33 8.6
L-Thyroxine 28 7.3
Lipid-lowering agents 25 6.5
Insulin 22 5.8
Other 70 18.6

4 Total number of patients n = 327

Table 5 Percentage of patients with different dosages of ivabradine
during follow-up

Dose Starting dose ~ After | month  After 4 months
2.5 (mg bid) 44.5% 25.9% 24.6%

5.0 (mg bid) 55.5% 65.8% 62.2%

7.5 (mg bid) 0.0% 8.3% 13.2%
Average (mg) 7.8 9.1 9.4

bid dose applied twice daily

In four patients, ivabradine was discontinued for into-
lerance or side effects, in 17 patients for other reasons, such
as insufficient efficacy (4 patients), insufficient compliance
(2 patients), or due to independent termination of therapy
by the patient (the reasons include freedom of symptoms).

Heart rate

Between baseline and the third visit after 4 months, the
mean HR was significantly reduced by 12.0 £+ 12.0 bpm
from 83.0 £ 154 to 71.0 £ 10.1 bpm (p < 0.0001)
(Fig. 1). HR reduction in the group with concomitant beta-
blocker therapy was 14.0 £ 10.6 bpm (p < 0.0001), and in
the group with concomitant glycoside therapy, it was
16.6 £ 14.8 bpm (p = 0.0078). In the group with com-
bined beta-blocker and glycoside therapy (n = 4), it was
23.5 £ 11.1 bpm (no p value in n = 4 patients).

Angina pectoris and nitrate consumption

Eighty-one percent of the patients had one or more angina
pectoris attacks per week prior to the start of treatment with
ivabradine. At follow-up after 4 months, the frequency of
angina pectoris attacks had been markedly reduced during
the treatment with ivabradine (3.0 4.6 to 0.8 £ 1.8
attacks per week, p < 0.0001) (Fig. 2). In the group with
concomitant beta-blocker therapy, angina pectoris attacks
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Fig. 1 Heart rate reduction under the treatment with ivabradine over
4 months. Average starting dose was 7.8 mg at baseline, 9.1 mg at the
first month, and 9.4 mg after 4 months. The baseline value shows the
heart rate before the start of therapy with ivabradine
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Fig. 2 Number of angina pectoris episodes in the observation period
of 4 months. Ivabradine had a significant antianginal effect. Values
depicted represent the number of episodes in the week prior to the
respective follow-up visit

were reduced from 2.3 2.2 to 0.6 £ 1.3 attacks per
week, p < 0.0001), in the group with concomitant glyco-
sides from 2.4 £ 22 to 0.2 £ 0.4 attacks per week
(p = 0.0078). In the group with concomitant combined
beta-blocker and glycoside therapy, angina pectoris attacks
were reduced from 2.7 & 3.8 to 0.3 &+ 0.6 attacks per week
(no p value calculated in n = 4 patients).

The need for nitrates (hubs/capsules) between baseline
and the follow-up visit after 4 months was significantly
reduced during the treatment with ivabradine (4.2 + 5.1 to
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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 analysis was reduced under ivabradine treatment

1.2 £ 2.7, p <0.0001) (Fig. 3). In the group with con-
comitant beta-blocker therapy, the need for nitrates was
reduced from 3.1 £3.6 to 1.0+ 2.1 applications,
p < 0.0001), in the group with concomitant glycosides
from 2.0 £ 2.4 to 0.3 £ 0.5 applications (p = 0.06). In the
group with concomitant combined beta-blocker and gly-
coside therapy, the need for nitrates was reduced from
2.3 £ 4.0 to 0.3 &+ 0.6 applications (no p value calculated
in n = 4 patients).

Blood pressure was lowered from 138.0 & 18.0 to
131.0 & 13.5 mmHg (systolic —6.9 £+ 13.6 mmHg) and
from 81.0+ 11.4 to 77.3 £85 mmHg (diastolic
—3.8 &+ 10.0 mmHg) between baseline and the fourth
month of treatment including ivabradine and co-medication.

The efficacy of ivabradine was graded as ‘very good’ in
56.6% of the patients, as ‘good’ in 38.1%, as ‘moderate’ in
4.2%, and as ‘poor’ in 1.1% of the patients.

Adverse events/adverse drug reactions

Four patients (1%) experienced suspected adverse drug
reactions (ADR). One was classified as severe. This was a
syncope in a 92-year-old female 29 days after start of ther-
apy with ivabradine. The event was classified as possibly
related to ivabradine. The three other suspected ADR
included dizziness (n = 2), classified as probably and pos-
sibly related to ivabradine, and tachycardia (n = 1), unlikely
related to ivabradine. There were no clinical sequelae from
any event. Luminous phenomena (phosphenes) were not
reported. There were no bradycardia or AV block reported.
There was no suspected ADR in the group of patients with a
combined therapy with beta-blockers or glycosides.

Physicians graded the patients’ tolerance of ivabradine
as ‘very good’ in 65.0% of the patients, as ‘good’ in 33.7%,
as ‘moderate’ in 0.5%, and as ‘poor’ in 0.8% of the
patients.

Discussion

The main findings from this study are that treatment with
ivabradine is efficient and safe in the complex patient
group with an age beyond 80 years. In this group, which is
naturally prone to bradycardia, ivabradine reduced the HR
in a controlled way and without any critical bradycardia.
This was evident when ivabradine was part of a rate low-
ering monotherapy and also in combination with beta-
blockers or glycosides. Along with the reduced HR, angina
pectoris episodes and nitrate consumption were signifi-
cantly reduced, whereas side effects, such as ophthalmic
symptoms, occurred less frequent than expected from data
of published randomized trials [7, 8, 17-19].

The octogenarian patient group seen in this study, with
its mean age of 83 years, multiple co-morbidities, and co-
medications, can be regarded as a more complex patient
group than that typically seen in clinical trials and in
average in everyday practice. Compared with the total
REDUCTION group, there was a lower number of patients
with angina pectoris grade CCS I and a higher proportion
of those with grade CCS III [23]. History of angina pectoris
was lasting longer, and the rate of myocardial infarctions
was higher [23]. This suggests that the octogenarian group
is a more symptomatic patient group, and that there is more
potential and need to reduce angina symptoms in this group
than in younger patients. In addition, there is a known
reservation of cardiologists to treat octogenarians inter-
ventionally because of the widespread perception that PCI
entails an unfavorable risk—benefit ratio [25, 26]. There-
fore, medical treatment often remains the only therapy and
has a special importance in the treatment of octogenarians.
However, there is a common fear to induce bradycardia or
AV block with beta-blockers, which exert action on both
nodes. In this study, there was no evidence for relevant
bradycardia under ivabradine. Therefore, the substance
appears to be an appropriate therapeutic tool to lower HR
in octogenarians. HR reduction in this age group was
pronounced (approximately 12 bpm), but still comparable
to that seen in previous trials and other populations [7, 17—
19, 27, 28]. Concomitant beta-blocker therapy did not
affect the efficacy or safety of ivabradine. Thus, the high
efficacy and safety of ivabradine in combination with beta-
blockers in this octogenarian group are comparable to that
seen previously in younger patients treated with this
combination [7, 8, 19]. The high efficacy of ivabradine in
combination with beta-blockers is plausible because HR
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reduction by beta-blockers and ivabradine is mediated via
different pathways [10].

Angina pectoris attacks and nitrate consumption were
significantly reduced in the octogenarians. The reduction of
symptoms and the need for antianginal treatment was com-
parable to that seen in other trials [17, 18]. In this study, there
was a small reduction of mean blood pressure at follow-up.
This can be explained by a change of the cardiovascular co-
medication such as ACE inhibitors in a small group of
patients during the observation period. Ivabradine is not
expected to lower the blood pressure [10]. Reduction of
blood pressure is a known cause for reduction of angina
pectoris [29]. Therefore, blood pressure reduction in this
study may have contributed to the reduction of angina pec-
toris and may have been another cause for relief of angina
pectoris beyond the ivabradine effect. However, since blood
pressure reduction in this study was only 7/4 mmHg, the
possible antianginal effect due to reduction of blood pressure
appears small and of minor clinical importance.

The mean ivabradine dose after 4 months of treatment in
this group was only 9.4 mg per day, whereas the maximum
approved dose is 15 mg per day. Therefore, there may be
additional potential to further reduce symptoms in the
octogenarian group by using higher doses. The moderate
dosage in this study may reflect the natural caution of
physicians with the handling of novel drugs and the res-
ervations using negative chronotropic agents in the very
elderly in fear of iatrogenic bradycardia.

Suspected adverse events were unexpectedly rare in the
octogenarian population compared to that in other con-
trolled trials with predominantly younger patients [7, 17—
19]. This suggests an excellent tolerance of the drug under
everyday conditions in octogenarians. Suspected adverse
drug reactions occurred in 1.0% of the patients despite a
wide range of concomitant medical therapy, possible drug
interference, and potentially changed pharmacodynamics
in the advanced age [30]. Adverse reactions may have been
underrecognized because they may present atypically or
hypo-symptomatically in the elderly patients [30]. In
addition, a blunted appreciation of symptoms becomes
more common in the very elderly patients. This may lead to
underreporting of adverse events. Interestingly, there were
no ophthalmic events, such as phosphenes, reported in the
octogenarians. This difference to other trials may be
explained by the kind of questionnaire used in the present
study. Patients were interviewed in an open mode for side
effects and not specifically for visual sensations. A previ-
ous study revealed that individuals report visual symptoms
four times more often if they are aware of the possibility
that they can occur [31]. It may be assumed that patients in
clinical trials were more aware of phosphenes than those in
everyday practice and therefore had a higher sensitivity to
detect and report them.
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Considering the low rate of adverse reactions, it is
comprehensible that the tolerance of ivabradine was graded
as ‘very good’ or ‘good’ in the majority of patients.
Therefore, the favorable tolerance seen in other trials was
maintained in this complex patient group.

Study limitations

The major limitation is the open label, observational, non-
interventional study design. This design may lead to an
overestimation of the antianginal effects of ivabradine.
However, it most closely follows the conditions of every-
day practice. An additional limitation is the lack of a pla-
cebo control group. However, regarding the recent
subanalyses from the BEAUTIFUL trial, it appears to be
unethical to perform a study with placebo in the subgroup
with severe angina and high HR [32].

It was almost impossible to exclude severe nocturnal
bradycardia without the performance of a Holter ECG.
Holter ECGs were not routinely performed in these patients
because this study was performed in an everyday practice
setting, and there was no clinical indication to perform
Holter ECGs in all patients.

There was a large group of patients who was treated
previously with a beta-blocker and had the treatment
stopped. Therefore, a selection bias due to forced with-
drawal of beta-blockers and the prescription of ivabra-
dine as a new treatment option cannot be completely
ruled out. However, the study also shows that another
group of octogenarians can receive beta-blockers without
problems and can be treated with the combination of
beta-blockers and ivabradine with additional clinical
benefit.

Since the maximum dose of 7.5 mg bid was only
reached in 13% of the patients, and the mean HR after
4 moths was still at 71 bpm, there appears to be further
potential to increase the efficacy of the treatment. This
suggests that the full therapeutic potential of the drug is
underestimated in this trial. However, with the low dose
used in this trial, side effects, which rather occur at higher
doses, may also have been underestimated.

Conclusions

Ivabradine significantly reduces HR in the complex octo-
genarian patient group. This is associated with a reduction
of angina pectoris episodes and nitrate consumption under
everyday practice conditions. Treatment was safe without
any critical bradycardia. That was also the case together
with beta-blocker or glycoside co-medication. Adverse
reactions were rare. Therefore, ivabradine appears to be a
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favorable treatment option for the complex octogenarian
patients with angina pectoris.
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