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ABSTRACT
Background: Heart failure is a chronic disease linked with significant morbidity and mortality, 
and uncontrolled resting heart rate is a risk factor for adverse outcomes. This systematic literature 
review aimed to assess the efficacy, safety, and patient-reported outcomes (PROs) of ivabradine in 
patients with heart failure (HF) with reduced ejection fraction (HFrEF) in randomized controlled 
trials (RCTs) and observational studies.
Methods: We searched electronic databases from their inception to July 2021 to include studies 
that reported on efficacy, safety, or PROs of ivabradine in patients with HFrEF.
Results: Of 1947 records screened, 51 RCTs and 6 observational studies were identified. 
Ivabradine on top of background therapy demonstrated a significant reduction in composite 
outcomes including hospitalization for HF or cardiovascular death. In addition, observational 
studies suggested that ivabradine was associated with a significant reduction in mortality. Across 
all studies, ivabradine use on top of background therapy was associated with greater reductions 
in heart rate, improved EF, and improved health-related quality of life (QoL) and comparable risk 
of total adverse events compared to those treated with background therapy alone.
Conclusions: Ivabradine on top of background therapy is beneficial for heart rate, hospitalization 
risk for HF, mortality, EF, and patients’ QoL. Moreover, these benefits were achieved with no 
significant increase in the overall risk of total adverse events.
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Introduction

Heart failure (HF) is a debilitating and often fatal 
condition affecting an estimated 64 million people. 
Despite advancements in treatments and improved 
prognosis in the past decades, the mortality asso
ciated with HF remains high [1]. Up to 50% of the 
patients with HF with reduced ejection fraction 
(HFrEF) have ejection fraction ≤40% measured by 
echocardiography. However, the prevalence of HFrEF 
has stabilized and is actually declining in developed 
countries [2]. Recommended pharmacologic treat
ment of HFrEF includes angiotensin-converting 
enzyme inhibitors (ACEIs), mineralocorticoid receptor 
antagonists (MRAs), sodium-glucose cotransporter-2 
inhibitors (SGLT2i) such as dapagliflozin or empagli
flozin, and beta-blockers unless contraindicated or 
not tolerated [2–5]. In patients with HF, elevated 
resting heart rates have been established as 
a strong predictor of cardiovascular (CV) mortality 
and morbidity. Thus, reducing resting heart rate is 
a crucial target in the treatment of HF [6,7].

Ivabradine was approved by the European 
Medicines Agency (EMA) in 2005 [8]. Ivabradine low
ers the heart rate by prolonging the diastolic depo
larization, which reduces the stress on the heart, 
thereby slowing the progression of HF and improving 
symptoms [9]. Ivabradine is recommended for 
patients with HFrEF who are receiving guideline- 
directed medical therapy including a beta-blocker at 
the maximum tolerated dose, and with elevated rest
ing heart rate ≥70 bpm, to reduce HF hospitalizations 
and CV deaths. The EMA approved ivabradine for the 
treatment of chronic HF in adult patients in sinus 
rhythm with a heart rate ≥75 bpm and New York 
Heart Association (NYHA) class II to IV with systolic 
dysfunction, in combination with standard therapy 
including beta-blocker therapy or when beta-blocker 
therapy is contraindicated or not tolerated [2,10,11]. 
Therefore, this systematic literature review (SLR) 
focuses on patients with HFrEF. Traditionally, data 
from randomized controlled trials (RCTs) have been 
considered a gold standard in the evaluation process
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of new health technologies. However, there has been 
a noticeable surge in the importance placed on real- 
world evidence (RWE) derived from observational stu
dies for evaluating healthcare practices.

The aim of this SLR was to collect data from RCTs 
and observational studies to get an updated assess
ment of ivabradine’s efficacy and safety in patients 
with HFrEF. Considering the higher external validity 
of the observational studies, we also collected stu
dies of ivabradine, which assess its effectiveness and 
safety in routine clinical practice, since its approval.

Methods

This SLR adhered to the Cochrane Handbook for 
Systematic Review of Interventions [12], as well as the 
Centre for Reviews and Dissemination guidelines [13]. 

The data were collected from the Embase, MEDLINE, 
Cochrane CENTRAL, and ClinicalTrials.gov databases 
from their inclusion until July 2021, as well as by manu
ally searching selected conference websites for 
abstracts from 2019 to 2021 (Supplementary content 1). 
The search was based on keywords and medical subject 
headings related to heart failure, ivabradine, and RCTs 
and observational studies. The complete search strat
egy can be found in Supplementary Table S1 and RCT, 
randomized controlled trial

The inclusion criteria for this study were determined 
based on the Population, Intervention, Comparators, 
Outcomes, and Study design (PICOS) framework, as 
described in Table 1. For inclusion, studies comparing 
ivabradine (including the branded product Procoralan®) 
with either active comparators or placebo were consid
ered. The included studies needed to report ≥1 of the 

Table 1. Inclusion criteria.
PICOS Inclusion

Population Adult patients with HFa

Intervention Ivabradine
Comparators Active or non-active comparators including potentially Procoralan® generic
Outcomes • Efficacy (including composite outcomes): 

• Hospitalization for worsening of HF 
• All-causehospitalization 
• CV hospitalization 
• Percentage of patients according to the NYHA class 
• Change in NYHA (% of patients with change/improvement, mean change) 
• Death from HF 
• CV death 
• All-cause death 
• Reduction in heart rate 
• Change in resting heart rate 
• Blood pressure 
• Change in LVEF 
• Change in NT-proBNP 
• 6-minute walk test 
• Echocardiographic parameters (LVEDVI, LVESVI, LVESV, and LVEDV) 
• Oxygen consumption [peak oxygen consumption (VO2), maximal oxygen consumption (VO2 max), double product] 
• Minute ventilation/carbon dioxide production (VE/VCO2) 

• Safety: 
• Total AEs 
• Total SAEs 
• Cardiac disorders (bradycardia, atrial fibrillation) 
• Luminous phenomena (phosphenes) 

• Health resource use 
• Patient-reported outcomes

Study design • RCTs 
• Comparative observational studies

AE, adverse event; HF, heart failure; LVEDV, left ventricular end-diastolic volume; LVEDVI, left ventricular end-diastolic volume index; LVESV, left ventricular 
end-systolic volume; LVESVI, left ventricular end-systolic volume index; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart 
Association; RCT, randomized controlled trial; SAE, serious adverse event; VE/VCO2, minute ventilation/carbon dioxide production; VO2, peak oxygen 
consumption. 

aDuring the study selection, studies analyzing patients with heart failure (HF) regardless of left ventricular ejection fraction (LVEF) were included, but after 
full-text review, only those that reported data for patients with HF with reduced ejection fraction were included. The subgroups of patients of interest were 
as follows: New York Heart Association class, patients with heart rate ≥ 70 or 75 or 77 bpm, patients in whom β-blocker therapy is contraindicated or not 
tolerated, angina, renal dysfunction, chronic obstructive pulmonary disease/asthma, diabetes, elderly (over 65 years and others; cut-off above 65 years), 
blood pressure level (all subgroups stratified for blood pressure), vulnerable patients, sex (male/female), duration of HF (≥4 weeks to <1.5 years; 1.5 years 
to <4 years; ≥4 years), patients with Chagas heart disease, patients with left bundle branch block, mineralocorticoid receptor antagonist usage at baseline 
(yes/no), angiotensin converting enzyme or angiotensin receptor-neprilysin inhibitor (renin-angiotensin system inhibitor) usage at baseline (yes/no), β- 
blocker usage at baseline (yes/no), digoxin usage at baseline (yes/no), cardiac resynchronization therapy (yes/no), implantable cardioverter defibrillator 
(yes/no), N-terminal pro-B-type natriuretic peptide, etiology of HF (ischemic/non-ischemic), LVEF (<35%/≥35%, <40%/≥40%, <50%/≥50%), hypertension 
(yes/no), class of (overall summary score) Kansas City Cardiomyopathy Questionnaire, B-type natriuretic peptide, Asian patients, subgroups defined by left 
ventricular diastolic dysfunction classification (grade I, II, and III), data for therapy intensification. 
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efficacy/effectiveness outcomes (Table 1), safety 
outcomes, or patient-reported outcomes including 
health-related quality of life (HRQoL). No language or 
geographic restrictions were applied. We excluded 
dose-ranging studies, literature reviews, editorials, let
ters, opinion articles, preclinical studies, and general 
discussion articles.

We predefined subgroups of interest: subgroups 
according to the NYHA class, heart rate (≥70 or 75 or 
77 bpm), angina, renal dysfunction, diabetes, elderly 
patients (aged ≥65 years and <65 years), blood pres
sure, sex, duration of HF, N-terminal pro-B-type 
natriuretic peptide (NT-proBNP), etiology of HF 
(ischemic/nonischemic), left ventricular ejection fraction 
(LVEF) (<35% or ≥35%, <40% or ≥40%, <50% or ≥50%), 
hypertension (yes/no), B-type natriuretic peptide (BNP), 
Asian patients, and subgroups defined by left ventricu
lar (LV) diastolic dysfunction classification (grade 1, 2, 
or 3). During the study selection, we included all RCTs 
and comparative observational studies of patients with 
HF, regardless of LVEF. During the full-text review stage, 
only studies restricted to patients with HFrEF and stu
dies that reported data for subgroups of patients with 
HFrEF were selected.

Two independent reviewers screened the abstracts and 
full-text publications (HB and FK) to select relevant articles 
based on the inclusion criteria, and a third reviewer (EO) 
resolved any discrepancies that arose. Afterward, papers 
reporting results from the same studies were grouped 
together. A reviewer (FK) extracted data from studies that 
met the PICOS criteria using extraction templates created 
in Microsoft Excel, and another reviewer (EO) validated the 
accuracy of the extracted data. These data included pub
lication details, study design, baseline characteristics, 
results, and data necessary for the quality assessment. 
The trial results were extracted at the maximum follow-up 
time for all outcomes.

One reviewer assessed the quality of RCTs and obser
vational studies using the Cochrane Risk-of-Bias tool 
(RoB2) [14,15] and the Newcastle-Ottawa Scale (NOS) 
[16], respectively. Another reviewer validated the accuracy 
of assessment, and discrepancies were resolved via dis
cussion. RoB2 addresses five specific domains: the bias 
arising from the randomization process, bias due to devia
tions from intended interventions, bias due to missing 
outcome data, bias in the measurement of the outcome, 
and bias in the selection of the reported result. The judg
ments in each domain lead to an overall risk of bias 
judgement [14,15]. The NOS assesses the appropriateness 
of three domains: selection of study groups, comparability 
of groups, and ascertainment of exposure and outcomes 
for case-control and cohort studies. A star system, ranging 
from 0 to 9 stars, is used to rate the study quality [16].

After conducting the SLR, the feasibility of conducting 
a meta-analysis comparing ivabradine on top of back
ground therapy versus background therapy alone was 
assessed. Meta-analysis can only be performed when the 
underlying clinical questions of the studies being con
sidered for inclusion are similar enough for pooling to be 
meaningful. However, because of the low number of 
studies reporting complete numeric results for each spe
cific endpoint and the non-negligible clinical heteroge
neity identified, a meta-analysis was not performed.

Results

The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) diagram (Figure 1) illus
trates the scheme for the study selection. The literature 
search resulted in 1911 studies focusing on patients with 
HF. This included 33 RCTs (61 publications) and 8 com
parative observational studies. After full-text review and 
application of inclusion criteria, 24 RCTs (51 publications) 
and 6 observational studies focusing on patients with 
HFrEF were included in the SLR. Table 2 presents the 
characteristics of the included studies and patients.

Among the included RCTs, the sample size ranged 
from 21 to 6505 patients in the SHIFT trial [35,41]. In the 
pooled analysis for SHIFT and BEAUTIFUL, 11897 
patients were studied. Most studies included patients 
with heart rate ≥70 bpm [18,21,22,27,30,34,37,41,48], 
≥75 bpm [19,23,24,28,38,40], or ≥80 bpm [20], except 
Potapenko et al. (2011) [29], in which patients with 
heart rate ≥60 bpm were included. The majority of the 
included studies analyzed patients with baseline 
LVEF ≤40% [17,20,22,26,28,29,32–34,49] or ≤35% 
[19,21,23,27,30,35,37,40]. The mean age of patients ran
ged from 42 years to 74 years [20,50].

Six trials compared ivabradine with placebo on top 
of background therapy [17,20,23,34–36], and 16 trials 
evaluated ivabradine on top of background therapy 
[18,19,21,22,24,26–29,31–33,37,38,41,49], including var
ious beta-blockers, ARBs, ACEIs, and MRAs, either with 
or without placebo. One study compared ivabradine 
and pyridostigmine [41], and one trial compared ivab
radine alone and placebo [39]. The studies that com
pared ivabradine with placebo on top of background 
therapy listed mainly different types of beta-blockers 
[18,19,22,24,28,33,38,49,51–53]. The SHIFT trial publica
tions presented about 40% of included papers 
[7,11,35,36,48,55–65]. Among the included observa
tional studies, four studies were designed as prospec
tive cohort studies [43,46,47], one was a retrospective 
database analysis [45], and one was a combination of 
database analysis and registry from Taiwan [44]. All the 
included observational studies initiated ivabradine as
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an add-on treatment to the current background ther
apy at discharge. The sample size ranged from 65 to 
2364 patients [42,43]. The population of interest in the 
studies comprised mainly patients with a heart rate of 
≥70 bpm, except in one study that included patients 
with a heart rate of ≥60 bpm [46]. The definition of 
reduced ejection fraction varied between studies and 
ranged from ≤40% to <50% [42,45,47].

The overall risk of bias in the RCTs was assessed as 
high (Error! Reference source not found.) (Figure 2). 
Most studies were rated as low risk in terms of missing 
outcomes data (83%), measurements of the outcomes

(83%), and selection of the reported results (74%). The 
randomization process and the deviations from 
intended interventions presented some concerns 
(57%) related to missing information or being unable 
to conceal allocation to intervention or usual care arms 
after randomization from research team and patients. In 
general, the risk of bias varied from low to high across 
some aspects of the included studies, with insufficient 
detail provided to inform judgment in several cases 
(Suplementary Table S3). However, almost all included 
observational studies were of good quality, with a total 
score of 8 stars on the NOS. One study received a score

Figure 1. The preferred reporting items for systematic reviews and meta-analyses chart.
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of 7 stars because of a not relevant assessment of the 
outcome, and another received a score of 6 stars 
because of a not relevant assessment of the outcome 
and a short follow-up period of 1 month 
(Supplementary Table S4).

Randomized controlled trials

Most results came from either a large pivotal RCT that 
evaluated the effects of ivabradine on CV outcomes in 
patients with HFrEF (SHIFT trial) [7,11,35,36,48,54–65] or 
a pooled analysis of individual trial data from the SHIFT 
and BEAUTIFUL trials, which included patients with LV 
dysfunction and heart rate ≥70 bpm [36]. Publications 
were excluded if they presented results for the overall 
population in the BEAUTIFUL study because it included 
patients with both symptomatic and asymptomatic HF 
and coronary artery disease.

Composite outcomes

In the SHIFT trial, treatment with ivabradine on top of 
background therapy compared with background ther
apy alone significantly reduced the risk of composite 
outcome, defined as CV death or hospitalization for 
worsening HF at a median follow-up of 22.9 months 
(hazard ratio (HR), 0.82; 95% confidence interval (CI), 
0.75–0.90; p < 0.0001) [11]. This reduction was primarily 
driven by a reduction in hospitalizations for worsening 
HF [35,36,56]. Similar findings were noted in the pooled 
analysis of the SHIFT and BEAUTIFUL trials (HR, 0.87; 
95% CI, 0.8–0.94; p < 0.001) [36]. The positive effects of 
ivabradine on the considered primary composite out
come were seen consistently across various patient 
subgroups except those defined according to baseline 
heart rate [35]. Significant improvement was observed

in the subgroup with a median baseline heart rate >77  
bpm (HR, 0.75; 95% CI, 0.67; 0.85; p < 0.0001) [54].

The effect of ivabradine on the considered compo
site outcome was also evaluated in the J-SHIFT study, 
which involved Japanese patients with HFrEF, ejection 
fraction ≤35%, and resting heart rate ≥75 bpm. The 
J-SHIFT study demonstrated that ivabradine improved 
the primary composite endpoint of CV death or hospital 
admission for worsening HF in the ivabradine group 
compared with the placebo group after 52 weeks of 
treatment (20.5% vs 29.1%; p = 0.1179; HR, 0.67; 95% 
CI, 0.4–1.11) [40].

Furthermore, the SHIFT trials found that ivabradine 
was associated with a significantly lower rate of CV 
death, hospitalization for worsening of HF, and hospi
talization for non-fatal myocardial infarction (HR, 0.82; 
95% CI, 0.74–0.89) up to 42 months of follow-up [35,36].

Cardiovascular death and all cause-death

The included studies did not show a significant reduc
tion in CV or all-cause deaths [29,35,36,40,56,59,66]. 
However, a SHIFT trial analysis revealed that the bene
ficial effect of ivabradine was greater in patients with 
heart rate ≥75 bpm. This result was not only linked to 
a reduction in HF hospitalizations and deaths from HF 
but also to a significant reduction in CV and all-cause 
deaths, which was not observed in patients with base
line heart rate <75 bpm [11].

Heart rates at follow-up

The included studies showed that the reduction in 
heart rate was greater in patients with HFrEF who 
received ivabradine on top of background therapy 
group compared with those who only received

Figure 2. Assessment of bias in randomized controlled trials.
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background therapy [17,18,28,33,34,38,41,49,51,66]. In 
the SHIFT trial, heart rate among patients treated with 
ivabradine decreased by a mean (SD) of 15.4 (10.7) bpm 
compared with their pretreatment heart rate of 80 bpm 
after 28 days of treatment. When corrected for changes 
in the placebo group, the net reduction with ivabradine 
was 10.9 bpm (95% CI, 10.4–11.4). This reduction was 
maintained throughout the study, with a heart rate 
decrease of 9.1 bpm (95% CI, 8.5–9.7) at 12 months 
and 8.1 bpm (95% CI, 7.5–8.7) at the end of the 23- 
month study period [35].

The ivabradine group showed a significant reduction 
in heart rate compared with the placebo group and 
background therapy group at a median follow-up of 
24.5 months and a maximum follow-up of 29.3 months, 
as reported by Ekman et al. [67]. The mean reduction in 
heart rate was −10.1 bpm (95% CI, −11 to −9; p < 0.001). 
Significant reductions in heart rate of −11.9 bpm were 
also reported in J-SHIFT [40] from 6 weeks (SD, 1.1; p <  
0.0001) to 1 year (SD, 1.4, p < 0.0001), in the PRIME-HF 
trial [30] through 180 days with a mean decrease of −10  
bpm (95% CI, −15.7 to −4.3) versus 0.7 bpm (95% CI, −5.4 
to 6.7; p = 0.011), and in the study by Sisakian et al. [37] at 
3 months (−18.9 bpm versus −1.6 bpm; p < 0.0001).

Ejection fraction

Across the included studies, ivabradine was asso
ciated with an improved ejection fraction 
[20,21,23,24,26,29,32–34,38,40,41]. A SHIFT echocar
diographic substudy showed that ivabradine 
reversed cardiac remodeling in patients with HF 
and LV systolic dysfunction. Ivabradine significantly 
reduced left ventricular end-systolic volume index 
compared with placebo. This reduction was indepen
dent of HF etiology, baseline LVEF, and use of beta- 
blockers. Furthermore, the results of the SHIFT echo
cardiographic substudy showed that ivabradine sig
nificantly improved LVEF. However, this substudy 
reported results for a small population (n = 411) of 
patients for whom complete echocardiographic data 
at baseline and 8 months were available [68]. Similar 
significant reductions in LV volumes and improve
ments in LVEF were observed in the J-SHIFT study 
[40], as well as in ETHIC-AHF [22,32].

In addition, the results showed a significant differ
ence in change from baseline of LVEF in patients with 
symptomatic HF secondary to idiopathic dilated cardi
omyopathy, LVEF < 40%, NYHA classes 2 to 4, and heart 
rate >70 bpm at 3 and 6 months for ivabradine on top 
of background therapy versus background therapy 
alone (p < 0.001) [32].

Patient-reported outcomes

Across the included studies, ivabradine demonstrated 
an improvement in HRQoL [17,19,26,28,30,32– 
35,41,54,67,69]. For instance, at 12 months in the 
SHIFT trial, a significantly greater improvement in the 
Kansas City Cardiomyopathy Questionnaire (KCCQ) 
score was demonstrated in both the clinical summary 
score (p = 0.018) and the overall summary score (p <  
0.001). These data came from the SHIFT substudy, 
which included only 1944 participants (approximately 
30% of the SHIFT population). Low HRQoL was asso
ciated with an increased rate of CV death or hospitali
zation for HF. However, heart rate reduction with 
ivabradine was associated with an improvement in 
HRQoL [67].

In CARVIVA-HF, when using the visual analog scale 
and MacNew Quality-of-Life after Myocardial Infarction 
(QLMI) tool, patients who received both ivabradine and 
carvedilol had better HRQoL compared with baseline (p  
< 0.02), whereas those who received carvedilol alone 
showed no changes [19]. After 3 months, the combina
tion of ivabradine and carvedilol was associated with an 
improvement in the KCCQ clinical summary score [33]. 
Similar results were reported when comparing ivabra
dine on top of beta-blockers with beta-blockers alone 
after 1 month [28], and with background therapy at 3 
and 6 months [32].

The comparison of ivabradine on top of background 
therapy with background therapy alone in the PRIME- 
HF trial showed no difference in KCCQ and patient 
global assessment from baseline to 180 days (p >  
0.05) [30].

Safety

The risk of total adverse events (AEs) was comparable 
between patients treated with ivabradine on top of the 
background therapy versus background therapy alone 
[30,35,40,70]. In the SHIFT trial, serious AEs occurred less 
frequently in the ivabradine group compared with the 
placebo group (p = 0.025) [35].

Furthermore, all SHIFT publications, except for 
J-SHIFT, reported comparable rates of total AEs for 
patients receiving ivabradine on top of the background 
therapy compared with those receiving placebo on top 
of the background therapy. However, the J-SHIFT study 
revealed a significant increase in the incidence of total 
AEs among Japanese patients with HFrEF who received 
ivabradine on top of the background therapy compared 
with those who received placebo on top of the back
ground therapy [35,36,58,60–62,64,65,70].
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Observational studies

The findings reported in the included observational 
studies in the analysis confirmed the results observed 
in RCTs. The use of ivabradine on top of background 
therapy was associated with a significant reduction in 
the risk of composite outcomes, hospitalization for wor
sening of HF, and all-cause hospitalizations [43–46,71].

Among the six observational studies identified, three 
reported significant reduction in all-cause deaths [43– 
45], and two reported significant reduction in CV deaths 
with ivabradine on top of background therapy com
pared with background therapy alone (including beta- 
blockers) [43,44], which was not observed in large 
phase 3 RCTs [29,35,40,56].

In a study by Liao et al. [44], treatment with ivabra
dine on top of background therapy was associated with 
a significantly lower risk of CV death compared with 
background therapy after 1 year (5.8 vs 12.2 per 100 per
son-years; p = 0.003). In another observational study by 
Guzman et al. [43], the addition of ivabradine to back
ground therapy was associated with a significant reduc
tion in the risk of CV death compared with digoxin on 
top of background therapy after a median follow-up of 
57.5 months (HR, 0.87; 95% CI, 0.81–0.96).

All four included studies that reported all-cause 
deaths showed a beneficial effect of ivabradine [42–45]. 
For instance, in Liao et al. [44], ivabradine on top of 
background therapy was associated with a significantly 
lower risk of all-cause deaths compared with background 
therapy at 1-year follow-up (HR, 0.48; 95% CI, 0.3–0.77). 
Another study conducted by Chang et al. [42] demon
strated similar results, but they were not significant at 
587 days. In the study by Guzman et al. [43], ivabradine 
was associated with significantly lower rates of all-cause 
deaths compared with background therapy (without 
commencing therapy with either ivabradine or digoxin) 
after a median follow-up of 57.5 months (HR, 0.9; 95% CI, 
0.84–0.97). In the study by Lopatin et al. [45], adding 
ivabradine on top of background therapy reduced the 
risk of all-cause deaths compared with using beta- 
blocker alone after 6 months (p < 0.0001).

Moreover, ivabradine was found to result in a greater 
reduction in heart rate compared with standard treatment 
among patients with HFrEF after 1 year of follow-up (p =  
0.005) [44]. Additionally, the use of ivabradine was found to 
significantly improve LVEF in some studies [45,71], whereas 
these improvements were not significant in others 
[42,44,72]. Finally, the use of ivabradine on top of the back
ground therapy was associated with a greater improve
ment in QoL, as assessed using the Minnesota Living with 
Heart Failure Questionnaire (MLHFQ), compared with beta- 
blockers alone (p = 0.0001) at 12 months [45].

Discussion

The purpose of this systematic review was to gather and 
summarize data on the efficacy and safety of ivabradine 
in both experimental settings (RCTs) and real-world set
tings (observational studies). The primary sources of data 
for this SLR were a large RCT known as the SHIFT trial 
[7,11,35,36,48,54–65], which evaluated the effects of 
ivabradine on CV outcomes in patients with HFrEF, and 
a pooled analysis of individual trial data from the SHIFT 
and BEAUTIFUL trials, which included patients with LV 
dysfunction and heart rate ≥70 bpm [36]. The results of 
this SLR suggest that ivabradine, when used on the top 
of background therapy, can effectively reduce the major 
risks associated with HFrEF. Both RCTs [7,35,36,40] and 
observational studies [43–46,71] resulted in a significant 
reduction in composite outcomes, including hospitaliza
tion and mortality with the use of ivabradine. This 
implies that ivabradine has the potential to improve 
outcomes for patients with HFrEF.

The results from large phase 3 RCTs did not consis
tently show a significant reduction in CV or all-cause 
deaths with the use of ivabradine in patients with HFrEF 
[29,35,36,40,56,59,66]. A SHIFT analysis revealed that 
patients with a baseline heart rate of 75 bpm or higher 
may benefit more from ivabradine treatment, which 
was not associated with a significant reduction in CV 
and all-cause deaths [11]. On the other hand, observa
tional studies reported significant reductions in these 
outcomes [43–45]. This discrepancy may be attributed 
to differences in study design, sample size, or follow-up 
duration between RCTs and observational studies [43– 
45]. However, there is limited real-world evidence avail
able [42–46], so additional studies are necessary to 
confirm these findings.

The findings from RCTs also highlighted the positive 
impact of ivabradine on heart rate reduction 
[17,18,28,33,34,38,41,49,51,66], and improvement in 
LVEF [20,21,23,24,26,29,32–34,38,40,41]. This has been 
supported by Tardif et al. [68] who found that these 
positive effects can occur regardless of a patient’s base
line LVEF or use of beta-blockers or the ischemic cause 
of HF. These effects were consistent across the RCTs 
and observational studies, indicating that ivabradine 
can have a positive impact on cardiac function in 
patients with HFrEF [42,44]. However, the improvement 
in LVEF was not observed in all studies, indicating 
potential heterogeneity in treatment response 
[42,44,45,71,72].

The limited assessment of HRQoL in the included 
studies makes it challenging to draw definitive conclu
sions. However, the available evidence suggests that 
ivabradine may lead to improvements in HRQoL, as
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reported in the majority of RCTs [19,26,32–34,67] and 
observational studies [45,47] that assessed the out
come. The largest study, by Ekman et al. [68], found 
an association between ivabradine-induced reduction 
in heart rate and improved HRQoL, and a SHIFT trial 
substudy suggests an inverse correlation between 
HRQoL and the risk of CV death or hospitalization for 
HF [45,47,67].

Regarding safety, the majority of studies indicated 
that ivabradine had a comparable risk of total AEs com
pared with reference groups [35,36,58,61,62,64,65,70]. 
However, a Japanese study reported a statistically signif
icant higher risk of total AEs in patients treated with 
ivabradine (p = 0.0044) [23]. Thus, further investigations 
may be needed to understand the safety profile of ivab
radine, especially in different populations.

The subgroup analysis showed that patients with 
high baseline heart rate or specific age ranges may 
derive greater benefits from ivabradine. A significant 
reduction in both HF-related deaths and all-cause 
deaths was observed only among patients who were 
aged <53 years or >69 years (p = 0.008 for both age 
ranges at baseline) [63], as well as among patients 
with a baseline heart rate of at least 80 bpm [7]. This 
suggests that certain patient characteristics may influ
ence the effectiveness of ivabradine in improving 
outcomes.

Because of the clinical heterogeneity across the 
included studies and the low number of studies report
ing complete numeric results for each specific end
point, a meta-analysis was not performed. Regardless 
of this heterogeneity, the trends between findings of 
the primary source of information in our SLR (the SHIFT 
trial publications) and other trials were mostly consis
tent with each other for the risk reduction of composite 
outcome (CV death or hospitalization for worsening HF) 
[29,35,36,40,56,59,66], the risk of CV or all-cause deaths 
[29,35,36,40,56,59,66], reduction in heart rate 
[17,18,28,33,34,38,41,49,51,66], or improvement in ejec
tion fraction [22,32].

Our study results align with the findings of other 
published systematic reviews; however, most of these 
reviews included only RCTs. Hartmann et al. [73] 
reported that ivabradine treatment in patients with 
HFrEF significantly reduced heart rate, with the addi
tional effect on heart rate appearing to be inversely 
correlated with the dose of a beta-blocker. The study 
found no significant effect on all-cause deaths, CV 
deaths, or hospitalization due to HF. A previous SLR by 
Narayanan et al. [6] compared the outcomes of ivabra
dine combined with beta-blockers with beta-blockers 
alone in HFrEF patients, including data from both RCTs 
and retrospective or prospective observational studies.

Despite differences in the types of studies included (six 
studies; including two observational ones), similar con
clusions were drawn. The results revealed that the com
bined therapy with ivabradine was associated with 
a significantly lower risk of the composite outcome of 
CV deaths or hospitalization due to HF. However, no 
improvement was found in all-cause deaths or CV 
deaths. A recent SLR and meta-analysis published by 
Maagaard et al. compared the effect of ivabradine and 
usual care with usual care (with or without placebo) in 
patients with HF. Despite the inclusion of 109 RCTs, the 
analysis heavily relied on the SHIFT and BEAUTIFUL trials, 
which collectively contributed to over 85% of the overall 
analysis weight. Authors showed that ivabradine does 
not affect the risks of all-cause death and CV death in 
patients with HF (regardless of LVEF). Furthermore, the 
effect of ivabradine on HRQoL was found to be small and 
potentially without relevance to patients [74]. A review 
by Benstoem et al. [75] conducted two meta-analyses on 
individuals with HFrEF who underwent long-term treat
ment with ivabradine. The study found evidence indicat
ing that ivabradine did not appear to affect CV mortality 
or serious AEs. However, because of significant differ
ences in trial design (such as the type of HF, ivabradine 
dosage, and duration of treatment) and outcome report
ing and measurement, the available evidence is uncer
tain. The investigators could not perform meta-analysis 
on QoL, but the two studies demonstrated significant 
improvement in the QoL of patients with HFrEF who 
underwent long-term treatment (≥6 months) and short- 
term treatment (<6 months) with ivabradine, using KCCQ 
and MLHFQ, respectively. However, the certainty of evi
dence in both studies was low.

This SLR has several strengths. It combined the out
come data from both RCTs and observational studies to 
provide the latest evidence on the efficacy and safety of 
ivabradine for the treatment of HFrEF. Additionally, the 
review followed a strict protocol with clearly defined 
selection criteria and adhered to the Cochrane guide
lines for systematic review reporting. Besides, the com
prehensive search strategy, which had no language or 
geographic restrictions, reduced the risk of reporting 
bias.

One of the major limitations of this SLR was the 
heterogeneity of studies in terms of population, sample 
size, length of follow-up, and intervention (with differ
ences mainly in the background therapy). Furthermore, 
some studies were published as abstracts only, which 
limits the availability of data from those studies. 
Another weakness is that a significant proportion of 
the observational studies were conducted in the Asian 
population, which may limit the generalizability of the 
findings to other populations. Additionally, we
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conducted a manual search to cover the new findings 
that were published after the cut-off date for this 
review. Only two new RCTs [76,77] and three observa
tional studies [78–80] were relevant for our review cri
teria. It is worth mentioning that the recently captured 
clinical trials, FIRST trial (NCT02188082) from China [76] 
and another trial (NCT04448899) from Egypt [77], have 
reported consistent results with our SLR findings 
regarding significant heart rate reduction and the non- 
beneficial impact in reducing HF hospitalization, all- 
cause hospitalization, and mortality albeit for a small 
number of analyzed patients. The new real-world data 
analyses conducted in Arab (Qatar) [78], Taiwan [79], 
and China [80] have demonstrated the beneficial effects 
of ivabradine in controlling heart rate, but without 
a clear impact on composite outcomes. Lastly, it is 
important to highlight that the observational studies 
included in the review demonstrated a satisfactory 
level of quality, providing a more robust foundation 
for analysis and interpretation. Conversely, approxi
mately half of the RCTs included in the review were 
deemed to have a high risk of bias due to inadequate 
reporting of randomization and allocation processes, 
which raises concerns about the overall quality of the 
data.

Conclusions

This SLR confirms beneficial effects of ivabradine in 
patients with HFrEF in RCTs and observational studies. 
Ivabradine on top of background therapy was found to 
be associated with a significant reduction in heart rate, 
as well as composite risk of mortality and hospitalization 
for HF. Ivabradine on top of background therapy was 
also associated with an improvement in LVEF and 
HRQoL. Long-term observational studies with larger sam
ple sizes comparing ivabradine with other treatments 
would be needed to further investigate the impact of 
ivabradine in real life and assist cardiologists in choosing 
the best treatment strategy for patients with HF.
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