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Abstract
AIM
To perform a systematic-review and meta-analysis to 
compare outcomes of ivabradine combined with beta-
blocker to beta-blocker alone in heart failure with reduced 
ejection fraction (HFrEF).

METHODS
We searched PubMed, Cochrane, EMBASE, CINAHL and 
Web of Science for trials comparing ivabradine + beta-
blocker to beta-blocker alone in HFrEF. We performed 
a systematic-review and meta-analysis of published 
literature. Primary end-point was combined end point of 
cardiac death and hospitalization for heart failure.

RESULTS
Six studies with 17671 patients were included. Mean 
follow-up was 8.7 ± 7.9 mo. Combined end-point of heart 
failure readmission and cardiovascular death was better in 
ivabradine + beta-blocker group compared to beta-blocker 
alone (RR: 0.93, 95%CI: 0.79-1.09, P  = 0.354). Mean 
difference (MD) in heart rate was higher in the ivabradine 
+ beta-blocker group (MD: 6.14, 95%CI: 3.80-8.48, P 
< 0.001). There was no difference in all cause mortality 
(RR: 0.98, 95%CI: 0.89-1.07, P  = 0.609), cardiovascular 
mortality (RR: 0.99, 95%CI: 0.86-1.15, P  = 0.908) or 
heart failure hospitalization (RR: 0.87, 95%CI: 0.68-1.11, 
P  = 0.271). 

CONCLUSION
From the available clinical trials, ivabradine + beta-
blocker resulted in a significantly greater reduction in HR 
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coupled with improvement in combined end-point of heart 
failure readmission and cardiovascular death but with 
no improvement in all cause or cardiovascular mortality. 
Given the limited evidence, further randomized controlled 
trials are essential before widespread clinical application of 
ivabradine + beta-blocker is advocated for HFrEF.

Key words: Ivabradine; Heart failure

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Ivabradine was recently given a class IIa 
indication in the 2016 focused update on systolic heart 
failure in the ACC/AHA/HFSA guidelines. But it is unclear 
whether ivabradine offers any additional benefit over 
and above that offered by beta blockers. Our analysis 
showed lower heart rate and combined end point of 
cardiac death and heart failure hospitalization at follow-
up with ivabradine combined with beta blocker compared 
to beta blocker alone. Combined therapy did not improve 
cardiovascular mortality, all cause mortality or heart 
failure hospitalization. Further studies are essential before 
widespread use of combination therapy with ivabradine 
can be recommended.

Anantha Narayanan M, Reddy YNV, Baskaran J, Deshmukh A, 
Benditt DG, Raveendran G. Ivabradine in the treatment of systolic 
heart failure  A systematic review and metaanalysis. World J 
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INTRODUCTION
Chronic congestive heart failure affects nearly 2%-3% 
of population and is associated with a one-year mortality 
of 6.4% in a recent study[1]. Standard pharmacological 
treatment for heart failure with reduced ejection fraction 
(HFrEF) includes beta-blockade which unequivocally 
decreases cardiovascular and heart failure related mor-
bidity and mortality, in addition to promoting beneficial 
reverse remodeling[2,3]. 

Elevated resting heart rates has been shown to be 
an independent predictor of mortality in heart failure, 
presumably acting through increased myocardial oxygen 
demand, and also serves as a marker of severity of 
underlying neurohormonal activation and cardiovascular 
disease[4-6]. In regard to the former, in patients with 
left ventricular dysfunction associated with ischemic 
cardiomyopathy, heart rates > 70 beats per minute (bpm) 
are associated with a 34% increase in cardiovascular 
mortality and 53% increase in hospitalization when 
compared to heart rates below 70 bpm[7]. Benefits derived 
from beta-blockers seem to be derived partly from their 
heart rate lowering properties[8]. However, their negative 
inotropic properties can have undesirable actions on 

myocardial contractility[9]. 
Ivabradine is a novel drug that inhibits the pacemaker 

current I(f) thereby slowing heart rates without exhibiting 
negative inotropic effect on the myocardium[10] or altering 
ventricular action potential[11]. In SHIFT[12], ivabradine 
improved the composite end point of hospitalization 
and cardiovascular death in patients with HFrEF in sinus 
rhythm with heart rates ≥ 70[12,13]. The 2016 American 
College of Cardiology/American Heart Association/Heart 
Failure Society of America (ACC/AHA/HFSA) Focused 
Update on the Management of Heart Failure[14] and the 
European Society of Cardiology (ESC) guidelines[15] have 
given a Class IIa (level of evidence B) recommendation for 
ivabradine use for patients with chronic HFrEF who are on 
guideline directed medical therapy [includes a maximum 
tolerated dose of beta-blocker, ACEi and mineralocorticoid 
receptor antagonist (MRA)] and who are in sinus rhythm 
with resting heart rates above 70 bpm (> 75 bpm in the 
European Society). It should be noted that in the SHIFT 
trial[12], only 26% of the patient population were on target 
beta-blocker dosage. Thus the utility of ivabradine in 
the modern era, particularly with the recent approval of 
sacubitril with its dramatic improvement in mortality and 
heart failure outcomes[16] remains uncertain. To consolidate 
the available evidence regarding ivabradine in HFrEF, 
we performed a systematic review and meta-analysis 
including all the available clinical trials to date to evaluate 
the benefit of ivabradine therapy in combination with beta-
blocker compared to beta-blocker alone in chronic HFrEF. 

MATERIALS AND METHODS
Data search 
An electronic database search was performed with the 
following search terms “ivabradine”, “heart failure with 
reduced ejection fraction”, “resting heart rates” and 
“systolic heart failure” in PubMed, EMBSASE, Cochrane, 
CINAHL and Web of Science for studies published 
between January-1960 and August-2016 comparing the 
addition of ivabradine to beta-blocker vs beta-blocker 
only therapy. Supplementary appendix-1 shows PubMed 
search strategy. 

The systematic review and meta-analysis was per-
formed per PRISMA guidelines as shown in the Supple-
mentary checklist[17] and Supplementary Figure 1 sh-
ows the PRISMA flowchart. We also reviewed relevant 
editorials, review articles and reference sections of 
included studies. We excluded conference abstracts with 
unpublished data as mentioned in the Cochrane guide-
lines for meta-analysis. An expert biostatistician has 
reviewed the paper for statistical accuracy.

Inclusion criteria
Studies selected met the following criteria: Randomized 
controlled trials (RCTs), retrospective or prospective 
observational cohorts; included HFrEF of < 40%; compared 
two groups, one with ivabradine and beta-blocker and the 
other with beta-blocker alone; included adult patients; 
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published in English language. 

Study definitions 
We defined all cause mortality as death from any cause 
at follow-up. Cardiovascular mortality was defined as 
death from any cardiac cause including heart failure, 
myocardial infarction, arrhythmia, sudden cardiac death 
or stroke. 

Data extraction
Table 1 shows extracted patient demographics including 
mean age, sample size, co-morbidities, mortality data 
and risk estimates. Authors Mahesh Anantha Narayanan 
and Yogesh N Reddy reviewed the studies independently. 
A consensus was achieved by a third reviewer when the 
first two reviewers could not resolve any disagreement. 
We sought help from an experienced librarian when 
articles were not available online. 

Outcomes
The primary outcome was combined end-point of heart 
failure and cardiovascular death. Secondary outcomes 
included mean reduction in heart rate at follow up 
compared to baseline, all cause mortality, cardiovascular 
mortality, six-minute walking distance (6MWD) and 
ejection fraction (EF) at follow up. 

Statistical analysis 
We used comprehensive meta-analysis (CMA) version 
3.3.07 for statistical analysis. Categorical events were 
pooled using the random effects model, with pooled 
effect size represented by Mantel-Haenszel (MH) risk 
ratio (RR) with a 95% confidence interval (CI) limit. 
MH RR is a technique that generates an estimate of 
association between exposure and outcome after 
adjusting for confounding. Difference in Means (MD) was 
used for reporting outcomes with continuous variables. 
The combined ivabradine and beta-blocker group was 
the experimental group and so any MH RR (with 95%CI) 
that is less than 1 favors this cohort. Funnel-plots were 
used for assessing bias visually. Cochrane’s Q-statistics 
were used to determine heterogeneity. I2 values of > 
50%, 25%-50% and 0%-25% were considered to be 
high, moderate and low heterogeneity, respectively. 
We used an exclusion sensitivity analysis to analyze 
heterogeneity when required. P value of < 0.05 was 
considered statistically significant. A meta-regression 
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was performed when necessary to analyze the impact of 
moderator variables on outcomes of interest. 

RESULTS
Characteristics of the included studies
A total of 696 studies were obtained using the initial 
search strategy as shown in Supplementary Figure 1. 
Initially 7 studies[12,18-23] met our inclusion criteria. We 
excluded the SHIFT sub group study as the sub group 
was not independent of the main SHIFT study population. 
Finally, we included 6 studies[12,18-21,23] with a total of 
17671 patients. Mean follow-up was 8.7 ± 7.9 mo. A 
total of 8845 patients received ivabradine with beta-
blocker and 8826 patients received only beta-blocker. 
Table 1 shows characteristics of the included studies 
and Supplementary Table 1 summarizes the results of 
analyses comparing ivabradine and beta-blocker vs beta-
blocker alone in patients with chronic HFrEF.

Combined end point of cardiovascular death and 
hospitalization for worsening heart failure
A total of two studies reported combined end-point of 
cardiovascular death and hospitalization at follow up 
between the combined ivabradine + beta-blocker and 
the beta-blocker only group (Figure 1). MH RR was 
lower in the combined therapy group when compared 
to beta-blocker only group (MH RR: 0.93, 95%CI: 
0.79-1.09, P = 0.354). Heterogeneity was high (I2 = 
87%) among the included studies.

Heart rates at follow up
Change in heart rates at follow up from baseline was 
reported in all included studies. Difference in means (MD) 
for reduction in heart rate from baseline was greater in 
the ivabradine + beta-blocker group when compared 
to beta-blocker alone difference in means (MD): 6.14, 
95%CI: 3.80-8.48, P < 0.001 (Figure 2). Funnel-plot 
showed low risk of bias as shown in Supplementary 
Figure 2A and heterogeneity was high (I2 = 95). A 
sensitivity analysis performed with exclusion of the 
study[18] with the maximum strength did not alter the 
results of the analysis (MD: 6.24, 95%CI: 2.71-9.78; P 
= 0.001). Analysis of only RCTs still showed that mean 
reduction in heart rates from baseline was greater in 
the combined ivabradine and beta-blocker group when 
compared to beta-blocker alone (MD: 6.88, 95%CI: 

Study name Statistics for each study            MH RR and 95%CI

MH risk ratio Lower limit Upper limit P -value
Beautiful 2008 1.01 0.92 1.10 0.880
Shift 2011 0.85 0.79 0.92 0.000

0.93 0.79 1.09 0.354

0.1  0.2   0.5   1     2      5    10
Favors ivabradine + BB  Favors BB alone

Figure 1  Comparison of Mantel-Haenszel risk ratio for combined end points of cardiovascular death and hospitalization for heart failure between ivabradine + 
beta-blocker vs beta-blocker alone. MH RR: Mantel-Haenszel risk ratio; BB: Beta blockers.
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slower heart rates more complete emptying can occur 
and may manifest as an improvement in EF without a 
true increase in LV intrinsic contractility or end systolic 
elastance.

Ivabradine was approved by the United Sates Food 
and Drug Administration for treatment of HFrEF in 2015. 
It is a very specific inhibitor of hyperpolarization activated 
cyclic nucleotide gated channels, which decreases the 
diastolic I(f) current and reduces sinus rate[24]. Ivabradine 
has no effect on the atrio ventricular node itself[24]. In 
addition, it has been shown that I(f) channels may 
increase in chronic heart failure in ventricular myocytes, 
and this could be arrhythmogenic[25], therefore inhibition 
of these channels by ivabradine could be beneficial in 
patients with HFrEF. Ivabradine has use dependency[26] 
and thus the reduction in heart rate is proportional to 
the baseline heart rate in individuals. Given all these 
characteristics and its effect of lowering heart rate 
without inducing the negative inotropic effect of beta-
blockers, ivabradine was expected to not only be better 
tolerated than beta-blockers in HFrEF, but also to be 

blocker when compared to the beta-blocker alone 
group (MD: 3.27, 95%CI: 0.42-6.13, P = 0.025). 
Heterogeneity was moderate (I2 = 45%). 

DISCUSSION
In this meta-analysis, ivabradine combined with beta-
blockers resulted in a greater reduction of heart rates at 
follow up when compared to beta-blocker only group. Also, 
combined therapy was associated with significantly 
lower composite end-point of cardiovascular death 
or hospitalization for worsening heart failure. On the 
other hand, in the relatively short follow-up offered 
by the included studies, there was no improvement in 
secondary outcomes including isolated cardiovascular 
or all cause mortality or individual outcome of heart 
failure hospitalization. However surrogate markers such 
as 6MWD and ejection fraction appeared to improve 
in the ivabradine plus beta-blocker group vs beta-
blocker alone. The importance of an improvement in EF 
with more bradycardia is difficult to determine since at 

Study name Statistics for each study     Difference in means and 95%CI

Difference in means Standard error Variance Lower limit Upper limit P -value
Beautiful 2008 5.60 0.26 0.07  5.10   6.10 < 0.001
Carvivahf 2011 5.80 2.49 6.19  0.92 10.68     0.020
Amosova 2011 1.90 1.33 1.77 -0.71   4.51    0.153
Shift 2011 9.10 0.31 0.09  8.50   9.70 < 0.001
Bagriy 2015 8.20 2.33 5.42  3.64 12.76 < 0.001
Ethic-ahf 2016 6.10 2.32 5.37  1.56 10.64    0.008

6.14 1.19 1.42  3.80   8.48 < 0.001

-15.00 -7.50  0.00   7.50   15.00
Favors ivabradine + BB  Favors BB alone

Figure 2  Comparison of mean change in heart rates from baseline between ivabradine + beta-blocker vs beta-blocker alone. BB: Beta blockers.

Study name Statistics for each study     Difference in means and 95%CI

Difference in means Standard error Variance Lower limit Upper limit P -value
Beautiful 2008 5.60 0.26 0.07 5.10   6.10 < 0.001
Carvivahf 2011 5.80 2.49 6.19 0.92 10.68    0.020
Shift 2011 9.10 0.31 0.09 8.50   9.70 < 0.001
Ethic-ahf 2016 6.10 2.32 5.37 1.56 10.64    0.008

6.88 1.38 1.92 4.17   9.59 < 0.001
-15.00  -7.50   0.00   7.50   15.00

Favors ivabradine + BB  Favors BB alone

Figure 3  Comparison of mean change in heart rates from baseline between ivabradine + beta-blocker vs beta-blocker alone including only randomized 
controlled trials. BB: Beta blockers.

Study name Statistics for each study     MH risk ratio and 95%CI

MH risk ratio Lower limit Upper limit P -value
Beautiful 2008 1.04 0.93 1.16 0.512
Shift 2011 0.92 0.82 1.03 0.128
Ethic-ahf 2016 1.15 0.17 7.73 0.885

0.98 0.89 1.07 0.609
0.1 0.2 0.5 1   2    5  10

Favors ivabradine + BB  Favors BB alone

Figure 4  Comparison of Mantel-Haenszel risk ratio for all cause mortality between ivabradine + beta-blocker vs beta-blocker alone. BB: Beta blockers.
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bpm when compared to the placebo group. However, 
although mortality benefit with heart rate reduction has 
been shown in multiple studies, BEAUTIFUL[18] failed to 
show any benefit in terms of combined cardiovascular 
end-point of cardiovascular death, hospital admission 
for myocardial infarction or new onset worsening heart 
failure. Also there was no improvement in individual 
secondary outcomes including all cause mortality, 
cardiac mortality, hospitalization or worsening heart 
failure in both the groups. 

In the sub-group with heart rates of 70 bpm or 
more[18], the MD in change from baseline was 6.9 bpm 
at 24 mo in the ivabradine arm. Although there was 
no difference between the groups in their primary end-
points, there was a statistically significant reduction 
in secondary outcomes including number of follow 

beneficial by minimizing the adverse cardiac structural 
changes associated with tachycardia[12]. 

Summary of existing trials
In the BEAUTIFUL trial[18], a double blind RCT, 10917 
patients with coronary disease and HFrEF and an EF < 
40% were randomized to either ivabradine or placebo. 
Both groups were on optimal conventional heart failure 
medications with 87% of the patient population in both 
groups on beta-blockers; though there was no mention 
of whether the subjects were on maximal tolerated 
beta-blocker doses. The BEAUTIFUL study[18] reported 
that 84% of population was in NYHA Class Ⅱ or Ⅲ. Four 
percent of subjects were lost during follow-up. At 24 mo 
follow up, ivabradine group had a greater improvement 
in Heart rate with a MD (difference in means) of 5.6 

Study name Statistics for each study     Difference in means and 95%CI

Difference in means Standard error Variance Lower limit Upper limit P -value
Carvivahf 2011 6.80 2.23 4.98  2.42 11.18 0.002
Amosova 2011 1.80 1.88 3.54 -1.89   5.49 0.339
Bagriy 2015 2.10 1.58 2.49 -0.99   5.19 0.183

3.27 1.46 2.13  0.42   6.13 0.025

Study name Statistics for each study     Difference in means and 95%CI

Difference in means Standard error Variance Lower limit Upper limit P -value
Carvivahf 2011 38.20 23.48 551.14  -7.81 84.21 0.104
Bagriy 2015 54.10 22.54 507.86   9.93 98.27 0.016

46.47 16.26 264.31 14.62 78.34 0.004

Study name Statistics for each study     MH risk ratio and 95%CI

MH risk ratio Lower limit Upper limit P -value
Beautiful 2008 0.99 0.87 1.13 0.881
Shift 2011 0.77 0.69 0.85 0.000

0.87 0.68 1.11 0.271

Study name Statistics for each study     MH risk ratio and 95%CI

MH risk ratio Lower limit Upper limit P -value
Beautiful 2008 1.07 0.94 1.21 0.288
Shift 2011 0.92 0.82 1.04 0.173

0.99 0.86 1.15 0.908

0.5         1           2

Favors ivabradine + BB  Favors BB alone

Figure 5  Comparison of Mantel-Haenszel risk ratio for cardiovascular mortality between ivabradine + beta-blocker vs beta-blocker alone. BB: Beta blockers.

0.5         1           2

Favors ivabradine + BB  Favors BB alone

Figure 6  Comparison of Mantel-Haenszel risk ratio for heart failure hospitalization between ivabradine + beta-blocker vs beta-blocker alone. BB: Beta blockers.

-100.00  -50.0  0.00 50.00 100.00

Negative difference  Positive difference
favoring BB alone     favoring ivabradine + BB

Figure 7  Comparison of difference in means of 6-min walking distance between ivabradine + beta-blocker vs beta-blocker alone. BB: Beta blockers.

Figure 8  Comparison of difference in means of ejection fraction between ivabradine + beta-blocker vs beta-blocker alone. BB: Beta blockers.

-20.00  -10.0  0.00   10.00  20.00
Negative difference  Positive difference
favoring BB alone    favoring ivabradine + BB
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Hidalgo et al[23], 71 patients with acute heart failure and 
with EF of < 40%, sinus rhythm and HR > 70 bpm were 
randomized to ivabradine plus beta-blockers and beta-
blockers alone. HR at 1-mo and at 4-mo follow-up were 
lower in the ivabradine group but the difference did not 
translate into improved clinical outcomes which showed 
no difference between the two groups in hospitalization 
rates for heart failure or death at follow-up.

The European Medical Agency set 75 bpm as HR cut-
off[15] while the ACC/AHA guidelines[14] recommended 
70 bpm as cut off for use of ivabradine in chronic 
HFrEF. Though the combined end-point of heart failure 
hospitalization or cardiac mortality was reduced along 
with improvement in ejection fraction and 6MWD, there 
was no reduction in all cause mortality, cardiovascular 
mortality or heart failure hospitalization alone in the 
current study. Also, in SHIFT[12], the benefit was higher in 
patients on < 50% target dose of beta-blocker, limiting 
its generalizability and suggesting, that there may be only 
a sub group that might benefit from ivabradine therapy. 
Therefore, before further evidence becomes available, it 
is essential to follow the current guidelines and up-titrate 
the dosage of beta-blockers before initiating ivabradine 
therapy for HFrEF. Further randomized trials with long 
term follow-up will determine if the short-term benefit 
in composite end-point translates to long term mortality 
benefit. 

Limitations
The limitations of our meta-analysis are similar to any 
meta-analysis, including all limitations and biases as-
sociated with the original studies. We did not have access 
to patient level data and so we were not able to include 
outcomes of interest not reported in some articles. The 
meta-analysis included four RCTs and two sub-groups 
from RCTs along with two non-randomized trials and could 
be a source of bias. To diminish the bias, we analyzed 
RCTs separately which did not alter the outcomes. We 
could not adjust for confounding variables that were not 
adjusted for in the primary studies. The optimal dosage 
of beta-blockers tolerated was not reported in some trials 
and thus we could not analyze the correlation between 
baseline beta-blocker dose and ivabradine dependent 
outcomes. Thus, it still remains unclear if ivabradine would 
maintain its efficacy in patients who are on maximal 
tolerated doses of beta-blockers. Unavoidably, publication 
bias is a limitation of any meta-analysis.

In summary, the results of our systematic review and 
meta-analysis of the published literature supports use of 
ivabradine in patients with chronic HFrEF in sinus rhythm 
and with HR of > 70 bpm per guidelines, however the 
strength of evidence supporting this recommendation 
is weak. This approach is associated with demonstrable 
benefit in terms of composite end-point of cardiovascular 
mortality or hospitalization for heart failure. There was an 
improvement in ejection fraction and 6MWD at follow up 
but this was not reported in the majority of the published 
trials. More evidence is needed before ivabradine can be 
recommended more broadly to patients with HFrEF. The 

up hospital admissions for myocardial infarction and 
coronary revascularization. A borderline reduction in the 
composite end-point was noted in the ivabradine group 
when 14% of patients with activity limiting angina were 
analyzed separately, both in the overall group and in the 
sub group of HR > 70 bpm.

The SHIFT trial[12] is the next largest ivabradine 
RCT, and randomized 6505 patients with stable chronic 
ischemic and non-ischemic HFrEF of < 35% to receive 
either ivabraine or placebo in conjunction with optimal 
medical therapy for heart failure. SHIFT reported that 
89% of patient population were being treated with beta-
blockers at the beginning of the trial. All patients were in 
NYHA Class Ⅱ-Ⅳ with almost 99% patient population in 
class Ⅱ and Ⅲ. The study mentioned that only 26% of 
the patient population was receiving optimal target dose 
of beta-blocker, and the most common reason for not 
being able to achieve the target dose was hypotension 
(almost 45% population in both groups). The results 
showed that the ivabradine group had a lower incidence 
of combined end-point of cardiovascular death or 
hospitalization for worsening of heart failure though all 
cause-mortality was not different between the groups. 
The sub-group carvedilol only study[22] still retained the 
benefit for combined end-point in the ivabradine plus 
carvedilol but cardiovascular mortality was not different 
between ivabradine plus carvedilol and the carvedilol 
only group. 

In a pooled analysis of the SHIFT[12], and the BEAU 
TIFUL[18] trials[27], ivabradine achieved highest heart rate 
control in patients with a baseline HR of > 75 bpm when 
compared to patients with HR < 60 bpm; this finding 
is consistent with the use-dependence property of the 
drug. The lower heart rate at follow up in the ivabradine 
sub-group was associated with the lowest mortality 
(17.4% in < 60 bpm vs 32.4% in > 75 bpm). When the 
investigators did a statistical adjustment for heart rate 
and other prognostic factors, the benefit of ivabradine 
was eliminated. Consequently, it may be that ivabradine 
improved the combined end-point mainly by heart 
rate reduction, although other possible mechanisms 
including I(f) blockade in ventricular myocardium in 
chronic HFrEF cannot be eliminated. In SHIFT[12], the 
MD in heart rate from baseline in the ivabradine group 
was greater than in BEAUTIFUL[18]; the relatively lower 
heart rate reduction achieved in BEAUTIFUL could be 
a possible explanation for absence of improvement 
in combined end-point of cardiovascular death or 
hospitalization for heart failure in the latter. 

It should be noted in SHIFT[12] that patients on < 
50% of the target beta-blocker dosage achieved more 
benefit at the combined end-point when combined 
with ivabradine, as compared to the overall group. One 
possible explanation could be patients with < 50% of 
target beta-blocker dosage have a higher HR and these 
patients tend to achieve higher benefit with ivabradine 
therapy than patients with a lower HR (secondary to the 
use-dependence property of ivabradine).

In ETHIC-AHF, a smaller recent RCT published by 
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COMMENTS
Background
Ivabradine is a novel heart rate reducing agent by selectively inhibiting the 
cardiac pacemaker current if thereby slowing heart rates without exhibiting 
negative inotropic effect on the myocardium. It was approved by the United 
States Food and Drug Administration for treatment of heart failure with reduced 
ejection fraction (HFrEF) in 2015. 

Research frontiers 
The 2016 American College of Cardiology/American Heart Association/
Heart Failure Society of America (ACC/AHA/HFSA) Focused Update on the 
Management of Heart Failure and the European Society of Cardiology (ESC) 
guidelines have given a Class Ⅱa (level of evidence B) recommendation for 
ivabradine use for patients with chronic HFrEF who are on guideline directed 
medical therapy. It is unclear, however, whether ivabradine offers any additional 
benefit when combined with beta-adrenergic blockade.

Innovations and breakthroughs
Two large RCTs (BEAUTIFUL and SHIFT) and some small RCTs compared the 
efficacy of ivabradine with beta blockers combined with beta blocker alone in 
people with chronic systolic heart failure. Both BEAUTIFUL and SHIFT failed to 
show mortality benefit but target beta blocker dosage achieved in these studies 
was lower, creating bias and suggesting there may be only a sub group that 
might benefit from ivabradine therapy.

Applications
The systematic review and meta-analysis supports use of ivabradine in patients 
with chronic HFrEF in sinus rhythm and with HR of > 70 bpm per the updated 
guidelines. Further randomized controlled trials are essential before ivabradine 
can be recommended more broadly to patients with HFrEF and the current 
evidence supporting its approval is limited. 

Peer-review
A useful and interesting paper that should be published after authors make 
some changes to ensure the article is clearer, easy to read and not too 
technical statistically.
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