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and are recommended as the first-line drug. They have numer-
ous actions on the heart, including a decrease in myocardial 
contractility, blood pressure (BP) and HR, and anti-arrhythmic 
effects. Among them, the lowering effect of β-blockers on HR 
may contribute to the improvement in long-term outcomes. A 
meta-analysis for the efficacy of β-blockers in chronic HF 
demonstrated that a reduction in HR by 5 beats/min decreased 
the risk of death by 18%.10 However, the use of β-blockers 
remains suboptimal in patients with HF, because of their 

levated heart rate (HR) is an independent risk factor for 
cardiovascular outcomes in various heart diseases, 
including heart failure (HF).1,2 There are many hypo-

thetical mechanisms through which elevated HR might directly 
affect cardiovascular risk, mostly related to increased myocar-
dial oxygen demand,3 energy depletion,4 accelerated athero-
sclerosis,5 and increased risk of plaque rupture.6 Beta-blockers 
have been proved to reduce morbidity and mortality in patients 
with HF and reduced left ventricular ejection fraction (LVEF)7–9 
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Background:  Elevated heart rate (HR) is an independent risk factor for cardiovascular outcomes in various cardiac 
diseases, including heart failure (HF).

Methods and Results:  Randomized placebo-controlled study was conducted to evaluate the effects of ivabradine, 
an If inhibitor, on the resting HR in 126 Japanese symptomatic HF patients with left ventricular ejection fraction ≤35%, 
resting HR ≥75 beats/min in sinus rhythm, and stable, optimal background treatment. Patients were randomly allo-
cated into 3 groups: placebo; starting dose of ivabradine 2.5 mg twice daily (BID; 2.5 mg group); 5 mg BID group. The 
dose was increased up to 7.5 mg BID according to dose-adjustment criteria. After the 6-week treatment, the reduc-
tions in resting HR were significant in both the 2.5-mg (16.6±8.1 beats/min) and 5-mg (16.4±9.6 beats/min) groups 
(P<0.0001 for both groups) compared with placebo (1.7±8.7 beats/min). The most frequent side effect of ivabradine 
was phosphenes, but all were mild. Treatment was discontinued in 1 patient due to HF in the 5 mg group.

Conclusions:  Ivabradine starting at 2.5 or 5 mg BID effectively reduced resting HR in Japanese HF patients. 
Ivabradine at the starting dose of 2.5 mg BID could be safer than 5 mg BID.    (Circ J  2016; 80: 668 – 676)
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controlled, parallel-group clinical trial in patients with HF and 
reduced LVEF. The study was carried out between December 
2013 and February 2015 in 73 institutions in Japan. Eligible 
patients were Japanese men and women who met the follow-
ing criteria: age ≥20 years, resting HR ≥75 beats/min in sinus 
rhythm, stable symptomatic chronic HF of NYHA functional 
class II or higher, LVEF ≤35%, and under optimal, stable 
treatment according to the Japanese Guideline for Treatment 
of Chronic Heart Failure (JCS 2010).27

The main exclusion criteria were congenital heart disease; 
myocardial infarction within 2 months; persistent atrial fibril-
lation or atrial flutter; sick sinus syndrome; sinoatrial node 
block or 2nd- or 3rd-degree atrioventricular block; atrioven-
tricular pacing operative for ≥40% of the day or with backup 
pacing rate ≥60 beats/min; severe or uncontrolled hyperten-
sion or symptomatic hypotension; moderate or severe hepatic 
disease; severe renal disease; and anemia. Medications includ-
ing non-dihydropyridine calcium-channel blockers, class I 
antiarrhythmics, and moderate or strong inhibitors of cyto-
chrome P450 3A4 were not allowed at the inclusion or during 
the study.

The study conformed to the principles outlined in the Dec-
laration of Helsinki and was approved by the ethical commit-
tee or review board of each institution. All patients provided 
written consent before randomization.

Randomization and Masking
After an observation period of 2 weeks to enable confirmation 
of the inclusion and exclusion criteria, patients were randomly 
allocated to 3 treatment groups: placebo group; starting dose 
of ivabradine 2.5 mg BID (2.5 mg group); 5 mg BID (5 mg 
group) at 1:1:1. A dynamic allocation method by resting HR 
and the dose of β-blocker was used to balance the baseline 
covariates. The patients and investigators were masked to the 
treatment allocation. All the study drugs (ivabradine (1.25, 
2.5, 5 and 7.5 mg) and placebo) were tablets of the same color 
and size, which was confirmed before the start of the study.

Procedure
As depicted in Figure 1, the study consisted of a 2-week obser-
vation period, 6-week treatment period, and 2-week follow-up 

contraindications and side effects.11

Editorial p 594

Ivabradine is a specific inhibitor of the If current in the 
sinoatrial node, and its oral administration can selectively 
reduce HR without affecting cardiac conductivity, contractil-
ity, repolarization or BP.12,13 In the SHIFT study, a random-
ized placebo-controlled trial in 6,505 patients with HF, LVEF 
≤35%, and resting HR ≥70 beats/min under stable, optimal 
conventional therapy, ivabradine significantly decreased HR 
and reduced the risk of cardiovascular death or hospitalization 
for worsening HF by 18% compared with placebo.14 It also 
reduced the risk of rehospitalization for worsening HF,15 and 
improved LV remodeling and quality of life.16,17 A subgroup 
analysis demonstrated that ivabradine improved various effi-
cacy endpoints, including all-cause mortality and cardiovas-
cular mortality, in patients with resting HR ≥75 beats/min, 
which led to its approval in Europe for treatment of patients 
with resting HR ≥75 beats/min.18 In addition, ivabradine was 
effective, irrespective of the dose and type of β-blocker,19,20 
for patients with severe chronic HF (LVEF ≤20% and/or New 
York Heart Association [NYHA] functional class IV),21 chronic 
obstructive pulmonary disease,22 renal dysfunction (estimated 
glomerular filtration rate <60 ml/min/1.73 m2),23 left bundle 
branch block,24 higher age,25 or low BP.26

The SHIFT study included Asian patients, but not Japanese 
patients. Therefore, efficacy and safety have not been con-
firmed in these patients. Specifically, in the SHIFT study, the 
starting dose of ivabradine was 5 mg twice daily (BID) and the 
dose was adjusted in the range of 2.5, 5, or 7.5 mg BID 
depending on HR and tolerability. In Japan, the lower starting 
dose of 2.5 mg BID may need to be evaluated. Therefore, the 
purpose of this study was to examine the efficacy, focusing on 
the reduction in resting HR, and safety of ivabradine in 
Japanese patients with HF and reduced LVEF.

Methods
Study Design and Patients
This was a multicenter, randomized, double-blind, placebo-

Figure 1.    Study design consisted of a 2-week observation period, 6-week treatment period, and 2-week follow-up period without 
study treatment. Patients who met the entry criteria were randomized into the placebo, 2.5-mg, or 5-mg groups at 1:1:1. The dos-
age was adjusted according to dose-adjustment criteria at each 2-week visit during the treatment period.
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used for all analyses. Differences in the reduction in resting 
HR between the ivabradine groups and the placebo group 
were analyzed by the Dunnett-Hsu method28 at 6 weeks and 
analysis of covariance (ANCOVA) at the other time points. 
NYHA functional class and the changes in BNP and NT-
proBNP at 6 weeks from baseline were analyzed by Wilcoxon 
rank-sum test. SBP and DBP at 6 weeks from baseline were 
analyzed using t-test. Other parameters were tested by chi-
square test for categorical variables and analysis of variance 
(ANOVA) for continuous variables.

Based on the assumption that the differences in the least 
mean square of the reductions in resting HR between ivabradine 
and placebo would be 11.8 and that the standard deviation 
would be 12.0 for both the 2.5 and 5 mg groups according to 
the SHIFT study subgroup of resting HR ≥75 beats/min,18 the 
estimated number of patients required for the present study 
was 40 per group (120 patients in total) using the Dunnett-Hsu 
method (two-tailed) with α=5% and power of test at 95%.

Results
The study patient flow is shown in Figure 2. The 126 study 
patients were randomly assigned to 3 treatment groups (42 
patients per group). Of these, 1 patient in the placebo group 
was excluded because the study drug was not dispensed, and 
the remaining 125 patients were analyzed for safety. Of them, 
3 patients (1 in the 2.5 mg group and 2 in the 5 mg group) were 
excluded for violation of the major inclusion criteria, and the 
remaining 122 patients were analyzed for efficacy.

Table 1 summarizes the baseline characteristics of the 
patients in the placebo and ivabradine groups. The mean age 
was 59.0±13.1 years, and 108 (85.7%) patients were male. 

period without study drug treatment. During the treatment 
period, the starting dose was 2.5 or 5 mg BID of ivabradine or 
matching placebo. The dose was adjusted at each 2-week visit 
in the range of 1.25–7.5 mg BID in the 2.5 mg group and 
2.5–7.5 mg BID in the 5 mg group according to the dose-
adjustment criteria; the dose was increased if the resting HR 
was higher than 60 beats/min, maintained if between 50 and 
60 beats/min, decreased if lower than 50 beats/min or the patient 
had signs or symptoms related to bradycardia, and discontin-
ued if lower than 50 beats/min or the patient had signs or 
symptoms related to bradycardia with the lowest dose. All 
patients were followed until 2 weeks after the treatment.

Efficacy
The primary endpoint was the reduction in resting HR from 
baseline at the 6-week treatment. The secondary endpoints 
were change in NYHA functional class, LVEF, and concentra-
tions of plasma B-type natriuretic peptide (BNP), and N-ter-
minal fragment of pro-BNP (NT-proBNP) from baseline. All 
HRs were analyzed in a central laboratory based on the 
12-lead electrocardiogram (ECG) data. BNP and NT-proBNP 
were also measured in a central laboratory.

Safety
All adverse events (AEs) were recorded during the treatment 
and follow-up periods. The 12-lead ECG, vital signs including 
pulse rate, systolic BP (SBP), diastolic BP (DBP), and respira-
tory rate, and laboratory tests including hematological, bio-
chemical, and urine tests were measured at each visit.

Statistical Analysis
SAS 9.3 software (SAS Institute Inc, Cary, NC, USA) was 

Figure 2.    Study patient flow. Screened patients entered the 2-week observation period for confirmation of the inclusion or exclu-
sion criteria.
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below target doses were hypotension and dizziness. There 
were no significant differences in the baseline characteristics 
of the 3 groups of patients.

The distribution of the final dose of ivabradine demon-
strated that the majority of patients (73.8% in the 2.5-mg and 
84.6% in the 5-mg group) were on the highest dose of 7.5 mg 
BID at 6 weeks (Figure 3). The final mean doses at 6 weeks 
were similar between the 2.5-mg and 5-mg groups (6.5±1.8 mg 
BID vs. 7.1±1.1 mg BID, P=0.4160).

The resting HR was 82.7±7.4 beats/min and the LVEF was 
28.4±5.1%. The cause of HF was ischemic in 54 (42.9%) 
patients. Over 90% of patients were in NYHA functional class 
II, and the rest were class III. An angiotensin-converting 
enzyme inhibitor or angiotensin-receptor blocker was used in 
89 (70.6%) patients, and a β-blocker in 117 (92.9%) patients. 
Of the 117 patients having a β-blocker, 74 (63.3%) were 
treated with at least 50% of the target doses defined by the 
guideline,28 and 41 (35.0%) were at the target doses. The major 
reasons for patients not receiving β-blocker therapy or being 

Table 1.  Baseline Characteristics of the Study Patients

Placebo  
(n=42)

Ivabradine
P value*2.5-mg group 

(n=42)
5-mg group  

(n=42)

Age (years)   59.4±12.7   57.7±13.0   60.0±13.9 0.7009

Sex (male) 34 (81.0%) 37 (88.1%) 37 (88.1%) 0.5580

BMI (kg/m2) 24.3±4.3 25.8±5.7 24.6±4.6 0.3526

Cause of HF

    Ischemic 19 (45.2%) 15 (35.7%) 20 (47.6%) 0.5063

    Non-ischemic 23 (54.8%) 27 (64.3%) 22 (52.4%)

Medical history

    Hypertension 21 (50.0%) 20 (47.6%) 23 (54.8%) 0.8007

    Myocardial infarction 14 (33.3%) 12 (28.6%) 12 (28.6%) 0.8601

    Diabetes 17 (40.5%) 24 (57.1%) 22 (52.4%) 0.2899

    Atrial fibrillation or flutter 4 (9.5%)   5 (11.9%) 0 0.0810

NYHA functional class

    II 38 (92.7%) 38 (90.5%) 39 (92.9%) 0.9047

    III 3 (7.3%) 4 (9.5%) 3 (7.1%)

    IV 0 0 0

LVEF (%) 28.5±4.9 28.3±5.6 28.4±4.9 0.9685

Resting heart rate (beats/min) 81.5±7.4 83.2±6.5 83.4±8.2 0.4468

Blood pressure

    Systolic (mmHg) 113.2±16.9 121.7±21.2 119.5±16.2 0.0961

    Diastolic (mmHg)   70.3±10.4   73.0±12.4   72.5±12.1 0.5593

BNP (pg/ml)   188.4±189.6   178.3±149.5   252.0±346.3 0.3331

NT-proBNP (pg/ml)   1,134.9±1,506.7 1,103.6±958.8　   1,638.4±2,624.2 0.3297

Medications

    ACEI 16 (38.1%) 20 (47.6%) 21 (50.0%) 0.5103

    ARB 14 (33.3%) 10 (23.8%)   8 (19.0%) 0.3095

    ACEI or ARB 30 (71.4%) 30 (71.4%) 29 (69.0%) 0.9625

    β-blocker** 39 (92.9%) 39 (92.9%) 39 (92.9%) 1.0000

    MRA 22 (52.4%) 27 (64.3%) 19 (45.2%) 0.2090

    Diuretic 32 (76.2%) 36 (85.7%) 35 (83.3%) 0.5009

    Digitalis 0 4 (9.5%) 4 (9.5%) 0.1182

Dose of β-blocker

    0% of target dose** 3 (7.1%) 3 (7.1%) 3 (7.1%) 0.9654

    0–<50% of target dose 14 (33.3%) 14 (33.3%) 15 (35.7%)

    50–<100% of target dose 13 (31.0%)   9 (21.4%) 11 (26.2%)

    100% of target dose 12 (28.6%) 16 (38.1%) 13 (31.0%)

Devices

    CRT 2 (4.8%)   6 (14.3%) 0 0.0238

    ICD 1 (2.4%) 0 1 (2.4%) 0.6017

Data are shown as n (%) or mean ± SD. *Chi-square test for categorical variables and analysis of variance for contin-
uous variables: not significant, P≥0.05 (two-sided test). **For patients receiving carvedilol or bisoprolol; target daily 
dose 20 mg/day for carvedilol and 5 mg/day for bisoprolol. ACEI, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin-receptor blocker; BID, twice daily; BMI, body mass index; BNP, B-type natriuretic peptide; CRT, cardiac 
resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator; NYHA, New York Heart Asso-
ciation; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal 
fragment of pro-BNP.
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Figure 3.    Distribution of the final dose of ivabradine in the 2.5-mg and 5-mg groups. BID, twice daily.

Figure 4.    Change in resting heart 
rate in the placebo, 2.5-mg, and 
5-mg groups during the 6-week 
treatment period and at the time 
of 2-week follow-up. Data are 
shown as mean ± SD. The resting 
heart rate in the follow-up period 
was measured at 2 weeks after 
treatment completion or discon-
tinuation. *ANCOVA: not significant, 
P≥0.05 (two-sided test). **Dunnett-
Hsu method: not significant, P≥0.05 
(two-tailed test). bpm, beats/min.
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doses of ivabradine and its reduction was also similar among 
the final ivabradine doses of 2.5, 5, and 7.5 mg BID at 6 weeks 
(Table 2).

Table 3 summarizes the secondary endpoints. The increase 
in LVEF by ivabradine was 5.4±7.0% in the 2.5-mg group and 
6.4±9.9% in the 5-mg group, both of which were statistically 
significant (P=0.0472 and 0.0359, respectively) compared 
with the placebo group (2.5±6.0%). Both the plasma BNP and 
NT-proBNP levels in the 5-mg group significantly increased 
compared with the placebo or 2.5-mg group. NYHA func-
tional class did not change (data not shown).

Safety
Table 4 summarizes the AEs with an incidence ≥5% observed 
in any of the groups. The incidence of AEs was 54.8% in the 
2.5-mg group and 64.3% in the 5-mg group, which was sig-
nificantly higher than in the placebo group (29.3%). The most 
frequent AE was phosphenes (2.4% in placebo group, 9.5% in 
the 2.5-mg group and 21.4% in the 5-mg group, P=0.0213). In 
6 of 9 cases of phosphenes in the 5-mg group, the AE occurred 
with the initial dose, but no cases of phosphenes were observed 

Efficacy
Resting HR decreased from 81.5±7.4 beats/min at baseline to 
79.8±9.4 beats/min at 6 weeks (vs. baseline, P=0.0759) in the 
placebo group, from 82.8±6.1 beats/min to 66.4±7.2 beats/min 
(vs. baseline, P<0.0001) in the 2.5-mg group, and from 
83.3±8.4 beats/min to 66.8±8.8 beats/min (vs. baseline, P<0.0001) 
in the 5-mg group (Figure 4). The reduction in resting HR at 
6 weeks from baseline (ie, the primary endpoint) was 16.6± 
8.1 beats/min in the 2.5-mg group, and 16.4±9.6 beats/min in 
the 5-mg group, both of which were significantly (P<0.0001 
for both groups) greater than in the placebo group (1.7± 
8.7 beats/min). During the treatment period, the reductions in 
resting HR were significantly greater in both ivabradine 
groups than in the placebo group. At 2 weeks, the reduction 
was greater in the 5-mg group than in the 2.5-mg group 
(13.6±7.8 beats/min vs. 9.3±9.6 beats/min, P<0.0001). How-
ever, it did not differ between the ivabradine groups at the 
other time points during the treatment period. At the end of the 
follow-up period, the resting HRs were similar among the 3 
groups and returned to the baseline level.

Resting HR at 6 weeks did not differ according to the final 

Table 2.  Resting Heart Rates According to the Final Dose of Ivabradine

Final dose n
Resting heart rate (beats/min)

At baseline At 6 weeks Change

1.25 mg BID   1 84 81 −3

2.5 mg BID   5 81.2±7.0 66.0±9.0 −15.2±7.8

5 mg BID 11 77.6±2.8 62.0±4.7 −15.4±5.5

7.5 mg BID 62 84.0±7.5 67.1±8.0 −17.0±9.2

Data are shown as number of patients or mean ± SD. BID, twice daily.

Table 3.  Secondary Endpoints in Study of Ivabradine in Japanese HF Patients

Placebo group  
(n=41)

Ivabradine

2.5-mg group (n=41) 5-mg group (n=40)

LVEF (%)

    At baseline 28.5±4.9 28.4±5.6 28.6±4.8

    At 6 weeks 31.0±8.8 33.8±8.7   35.0±10.4

    Change   2.5±6.0   5.4±7.0   6.4±9.9

        P-value (vs. baseline)* 0.0114 <0.0001　 0.0003

        P-value (vs. placebo)* – 0.0472 0.0359

        P-value (vs. 2.5-mg group)* – – 0.6035

BNP (pg/ml)

    At baseline   188.4±189.6   181.3±150.1   239.2±349.7

    At 6 weeks   184.2±208.3   181.7±210.0   277.8±318.5

    Change   −4.2±56.6       2.6±124.6     40.0±192.8

        P-value (vs. baseline)** 0.4709 0.8742 0.0105

        P-value (vs. placebo)** – 0.7055 0.0040

        P-value (vs. 2.5-mg group)** – – 0.0519

NT-proBNP (pg/ml)

    At baseline   1,134.9±1,506.7 1,124.3±961.2　   1,539.0±2,649.7

    At 6 weeks   1,148.5±1,650.2   1,006.1±1,120.5   1,656.5±2,842.5

    Change     13.7±363.6 −118.2±688.4        64.8±1,091.7

        P-value (vs. baseline)** 0.2174 0.1836 0.0634

        P-value (vs. placebo)** – 0.5718 0.0227

        P-value (vs. 2.5-mg group)** – – 0.0204

Data are shown as mean ± SD. *t-test; not significant, P≥0.05 (two-sided test). **Wilcoxon rank-sum test; not signifi-
cant, P≥0.05 (two-sided test). Abbreviations as in Table 1.
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by ivabradine treatment in our study. In the SHIFT study, 
ivabradine improved NYHA functional class, even though the 
improvement was small,14 so our result might also be attribut-
able to the limitations of our study described above.

All AEs in the present study were similar to those reported 
previously in the SHIFT study.14 The incidence of phosphenes 
was 9.5% (4 of 42 patients) in the 2.5-mg group and 21.4% (9 
of 42 patients) in the 5-mg group, which was higher than in 
the previous study (2.8%).14 All cases of phosphenes were 
observed in patients with ivabradine 5 mg BID or higher, and 
were mild and improved during the study. The reasons for 
higher incidence of phosphenes are not identified, so further 
studies with larger numbers of patients and longer duration of 
treatment are needed to clarify this point. Bradycardia was not 
reported as an AE in this study; however, the HR in 1 patient 
decreased to less than 50 beats/min at 2 consecutive visits 
(40 beats/min at 2 weeks and 45 beats/min at 4 weeks) in the 
5-mg group and ivabradine was discontinued at 4 weeks 
according to the dose-adjustment criteria. HF was reported as 
an AE in 6 patients from the ivabradine groups (1 from the 
2.5-mg group, 5 from the 5-mg group). All these AEs were 
observed in patients with ivabradine 5 mg BID or higher. Of 
these, 2 patients needed hospitalization and were judged as 
serious AE. Nasopharyngitis occurred in 23.8% (10 of 42 
patients) of the 5-mg group in the present study. The reason 
for the higher incidence in nasopharyngitis in this study was 
not clear. However, all cases of nasopharyngitis were judged 
to be unrelated to ivabradine by investigators. In addition to 
the results for BNP and NT-proBNP, based on the safety 
results, the starting dose of ivabradine 2.5 mg BID should be 
safer than 5 mg BID for Japanese HF patients.

In conclusion, ivabradine was effective in reducing the rest-
ing HR in Japanese patients with chronic HF and improving 
their LVEF. Although both starting doses of 2.5 mg BID and 
5 mg BID were effective, the lower starting dose might be 
superior for safety and tolerability.
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with the initial dose in the 2.5-mg group. Four serious AEs 
were reported: acute myocardial infarction in 1 patient (2.4%) 
from the placebo group, and HF in 2 patients (4.8%) and pneu-
monia in 1 patient (2.4%) from the 5-mg group. One of the HF 
patient in the 5-mg group discontinued ivabradine. All cases 
of serious AEs recovered or improved during the study period 
or after study completion. Bradycardia was not reported in this 
study. BP in either ivabradine group or placebo group did not 
change; the change in SBP at 6 weeks from baseline was 1.8± 
10.7 mmHg (P=0.2951) in the placebo group, −1.7±13.2 mmHg 
(P=0.4061) in the 2.5-mg group, and 4.1±13.0 mmHg 
(P=0.0553) in the 5-mg group; the respective change in DBP 
was 0.4±7.5 mmHg (P=0.7109) in the placebo group, −1.7± 
9.5 mmHg (P=0.2612) in the 2.5-mg group, and −0.7±11.7 
(P=0.6930) in the 5-mg group. There were no apparent changes 
in laboratory test results or 12-lead ECG.

Discussion
This randomized double-blind placebo-controlled phase II trial 
evaluated the effects of ivabradine on Japanese chronic HF 
patients with LVEF ≤35% and resting HR ≥75 beats/min in 
sinus rhythm using a dose-adjusting procedure. It demon-
strated that the reduction in resting HR after 6 weeks of 
treatment was 16.6 beats/min in the 2.5-mg group and 
16.4 beats/min in the 5-mg group, both of which were signifi-
cantly greater than that in the placebo group (1.7 beats/min).

The degree of reduction in resting HR in this study was 
comparable to the data from the SHIFT study subgroup 
(17.5 beats/min at 28 days in the subgroup of baseline resting 
HR ≥75 beats/min).18 Compared with the patient characteris-
tics in the SHIFT study, the present study included more 
patients in NYHA functional class II (90% vs. 50%) and non-
ischemic cause of HF (60% vs. 35%). However, there was no 
significant interaction between the reduction in resting HR and 
NYHA functional class or the cause of HF (data not shown). 
Although HR during exercise was not assessed in this study, 
ivabradine is also reported to reduce HR during exercise and 
to improve exercise tolerance.29 In the present study, the 
reduction in resting HR was similar among the final doses 
of ivabradine ranging from 2.5 to 7.5 mg BID (15.2–
17.0 beats/min). These findings suggest that the range of 
appropriate dose adjustment for Japanese HF patients is simi-
lar to that for non-Japanese patients (ie, 2.5–7.5 mg BID).

LVEF was significantly increased by ivabradine compared 
with placebo, in agreement with the SHIFT study.18 On the 
other hand, both BNP and NT-proBNP in the 5-mg group 
were significantly increased compared with the placebo or 
2.5-mg groups. This study had a short duration of treatment 
and a small number of patients. Therefore, further study is 
needed to evaluate the effects of ivabradine on LVEF, BNP 
and NT-proBNP. NYHA functional class also did not change 

Table 4.  Adverse Events (≥5% in Any Group) in Study of Ivabradine in Japanese HF Patients

Adverse event Placebo group  
(n=41)

Ivabradine
P value*

2.5-mg group (n=42) 5-mg group (n=42)

All 12 (29.3%) 23 (54.8%) 27 (64.3%) 0.0044

    HF 1 (2.4%) 1 (2.4%)   5 (11.9%) 0.0927

    Phosphenes 1 (2.4%) 4 (9.5%)   9 (21.4%) 0.0213

    Diarrhea 1 (2.4%) 3 (7.1%) 0 0.1675

    Nasopharyngitis 2 (4.9%) 2 (4.8%) 10 (23.8%) 0.0064

Data are shown as n (%). *Chi-square test: not significant, P≥0.05 (2-sided test). Abbreviations as in Table 1.
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