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Abstract

Heart rate (Hr) has prognostic value in patients with heart
failure, depressed ejection fraction (HFrEF) and sinus rhythm.

Objective: Is to analyze the effect of the early co-admin-
istration of ivabradine added to beta-blockers (intervention
group) versus only beta blockers (control group) in patients
hospitalized with HFrEF on Hr and clinical and functional
outcomes at long term.

Methods: We have analysed the one-year follow-up results
of a randomized study comparing these two treatment strat-
egies after hospitalization for acute HFrEF, sinus rhythm
and Hr > 70 bpm, following the usual titration doses of both
drugs.

Results: 33 patients in the intervention group and 38 in
Control group were included. Hr at 28 days was lower in
the intervention group (64.3 + 7.5 versus 70.3 + 9.3 bpm,
p = 0.01), keeping this difference at one year (61.8 £ 5.5
versus 68.4 + 9.3 bpm, p = 0.01). The doses of beta-
blockers at one year were similar in both groups. The EF at
one year was significantly higher in the intervention group
(48.2 £ 17 versus 41.8 £ 10%, p = 0.002). The probability
of cardiovascular death was 26% lower in the ivabradine
group, although without reaching statistical significance (HR
0.74; IC 95%: 0.12-4.43). No severe side effects drugs were
observed.

Conclusion: Early co-administration of ivabradine and
beta-blockers during hospital admission for acute HFrEF,
sinus rhythm and Hr > 70 bpm is feasible and safe, and
it produced a significant decrease in Hr at 28 days post-
discharge and at 1 year after hospital discharge, as well as
an improvement in left ventricular systolic function.

Introduction and Objectives

Heart failure (HF) is a clinical syndrome with enor-
mous relevance, given its constantly growing prevalence
and its poor prognosis [1,2]. Within this group, approx-
imately half of the patients have reduced left ventricular
ejection fraction (HFrEF) [1]. Heart rate (HR) seems to
have prognostic value in patients with HFrEF and sinus
rhythm. A directly proportional relationship between
HR reduction and prognostic improvement has been ob-
served [3,4]. Recent clinical practice guidelines have set
HR target values (< 70 bpm) and have included a pure
heart rate slowing drug in the therapeutic algorithm (iva-
bradine), a specific inhibitor of the If-current in the sinus
node [5], for treatment of patients that already received
an optimal dose of beta-blockers or the maximum-tol-
erated dose of these drugs [6,7] and continued having a
HR > 70 bpm. Ivabradine has shown to have a prognos-
tic benefit and to improve functional parameters, even in
patients with chronic severe systolic HF [8].

Some studies have reported that there is a relationship
between the reduction of HR and the use of beta-blockers,
but no correlation has been found with the dose of these
drugs [9-11]. Moreover, it’s also known that the percent-
age of patients who achieve optimal beta-blockers doses
and optimal HR values with beta-blocker administration
is low [12]. Ivabradine not only has been recognized as
having a prognostic benefit, but a prognostic significance
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for the time required to achieve HR control has also been
found, as seen in the SHIFT study [4]. Therefore, intro-
ducing and up-titrating drugs early during the vulner-
able phase of post-hospitalization can be important in
order to reduce mortality and early re-hospitalizations.
Current indication of ivabradine is based on the SHIFT
design, but until the recent publication of ETHIC-AHF
study [13], there were no data about the safety and po-
tential benefits of its use during hospitalization, added
to beta-blockers. The aim of this study is to present the
results a tone year follow-up of patients included in the
ETHIC-AHF study to evaluate if the positive results ob-
tained in the short-term follow-up after discharge were
maintained at long-term.

Methods

The ETHIC-AHF study, acronym of “Early Thera-
py with Ivabradine in patients with Congestive Acute
Heart Failure”, whose protocol, design and initial results
have recently been published [13], it’s a prospective,
comparative and randomized trial with a simple rand-
omization strategy in which we compared the current
strategy recommended by the current clinical practice
guidelines [6,7], i.e. to use beta-blockers in increasing
doses and to add ivabradine only in those patients who
after reaching the optimal dose or the maximum-toler-
ated dose of beta-blockers, persisted with heart rate > 70
bpm (control group), versus the strategy of simultaneous
and early start, 24-48 hours after heart failure admission,
of beta-blockers and ivabradine, with simultaneous and
progressive up-titration of both (intervention group).
The details of the study design, the inclusion and exclu-
sion criteria, and the drug titration protocol have already
been presented [13]. In summer, patients who met these
criteria and granted informed consent were randomized

within 24-48 hours after admission to the usual pattern
of beta-blockers (control group) or to received ivabra-
dine, at a dose of 5 mg/12 hours, plus the beta-block-
er (carvedilol or bisoprolol) (intervention group). After
discharge, dose titration of beta-blockers was performed
in visits at 14 days, 28 days, 4 months, 8 months and 1
year in both groups, with the objective to reach a HR <
70 bpm and about 60 bpm. Ivabradine dose could be in-
creased to 7.5 mg/12 hours in each visit in the interven-
tion group, and could be added to beta-blocker after the
28 days follow-up visit in the control group if HR was >
70 bpm and the patient had received the optimal dose
of beta-blockers (10 mg/day of bisoprolol or 25 mg/12
hours of carvedilol) or the maximum-tolerated dose of
these drugs.

Heart rate at 28 days after discharge was the primary
outcome [13]. Secondary outcomes consisted in the
evolution of HR at 4 months and 1 year, left ventricular
ejection fraction, BNP levels, NYHA functional class,
drug safety (adverse effects and withdrawal from
medication due to adverse effects), and major clinical
cardiac events (cardiac death and readmissions for heart
failure) at 1 year after discharge. Patients were subjected
to follow-up evaluation at 15 days, 28 days, 4 months,
8 months and 1 year after discharge. The scope of the
previously published article [13] was mainly to analyse
the effect of the two strategies on the primary objective
(HR at 28 days after discharge) and results at 4 months,
but it seems also important to evaluate if the short-term
effects of the early use of ivabradine were maintained at
long-term (1 year), and this is the scope of the present
article. We also want to know the effect of the early use
of ivabradine in acute heart failure on mortality and
readmissions at one year after discharge.

Table 1: Summary of the main characteristics of the two groups during hospitalization.

Age (years)

Men (%)

HBP (%)

Diabetes (%)

Smoking (%)

Anemia (%)

Functional class IlI/IV at hospitalization (%)
Diuretics at discharge (%)
ACEI/ARB at discharge (%)
MRA at discharge (%)

Beta blockers at discharge (%)
Beta blocker doses’

- High (%)

- Medium (%)

- Low (%)

Ejection fraction at discharge (%)
BNP at discharge (pg/ml)

Heart rate at admission (bpm)
Heart rate at discharge (bpm)

Intervention Control p value
66.2+15.4 67.7+12.3 NS
71.9 68.6 NS
75 71.4 NS
56.3 62.1 NS
43.3 54.2 NS
43.8 45.2 NS
92.7 97.1 NS
97 100 NS
94 97 NS
81.3 68.6 NS
87.5 97 NS
NS
71 5.9
28.6 38.2
64.3 55.9
329+8.7 319161 NS
463 + 495 671+ 399 NS
87.3+10.6 884 +11.2 NS
70.1+3.6 73.9+9.3 NS

HBP: High Blood Pressure; ACEI: Angiotensin Converting Enzyme Inhibitors; ARB: Angiotensin Receptor Blockers; MRA: Mineral-

Corticoid Antagonists; BNP: Brain Natriuretic Peptide; "see [13].
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For statistical analysis, qualitative variables were
expressed as absolute numbers and percentages, and
the quantitative variables were expressed as mean +
standard deviation. To determine the relationship be-
tween quantitative variables, we used Student’s t-test
for independent data and analysis of variance (ANO-
VA) for paired data, as appropriate. To determine the
relationship between qualitative variables, we used
the chi-square test. Events during follow-up were an-
alysed by Kaplan-Meier curves and compared using
the log-rank test. In all cases, differences were consid-
ered statistically significant if p < 0.05. We used the
IBM°®-SPSS (version 21.0 for Macintosh, SPSS Corp.,
New York, Armonk). To calculate the sample size, we
used the Epidat 3.1 program, with a confidence level
of 80%, a 5% percentage of error, and an objective of
reducing the heart rate of the control group by 15%.
We obtained a sample size of 72 patients.

Results

Between November 2013 and April 2015, 72 patients
were included, one of which was removed early before
discharge after removing his consent. Therefore, 71
patients were analysed, 33 in the intervention group and
38 in the control group. All of them could complete the
planned follow-up. The flowchart of patients included
and excluded and the reasons for it have been published
[13], as well as baseline characteristics and treatment
received during hospitalization and at discharge [13].
Table 1 summarizes the most important characteristics
of both groups, showing no differences between both
groups. There were no differences in diuretics use, AICEs/
ARB or MRA [13]. Heart rate at 28 days after hospital
discharge was significantly lower in the intervention
group, staying this difference at 4 months (Figure 1).

At one year, heart rate remained significantly lower in

80
75 -
p=0.004 p=0.01
70
bpm 65
60 === |ntervention
55 =@= Control
50
45
40
Discharge 28 days 4 months 1 year
Heart Rate
Figure 1: Heart rate in both groups during follow-up.
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Figure 2: Percentage of patients in both groups with heart rate lower than 70 bpm.
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the intervention group (61.8 £ 5.5 versus 68.5 + 9.3 bpm,
p =0.01), as it is shown in figure 1. No differences in the
percentage of patients with medium/high doses of be-
ta-blockers were found at one-year follow-up (58 versus
60%, p = 0.86). Regarding the use of ivabradine at one-
year follow-up, 22 patients in the intervention group
(81.5%) were receiving ivabradine (8 patients 5 mg/12
hours and 14 patients 7.5 mg/12 hours, with a mean dose
of 13.2 + 2 mg/day), versus 11 patients (33.3%) in the
control group (9 patients 5 mg/12 hours and 2 patients
7.5 mg/12 hours, with a mean dose of 10.9 + 1.7 mg/day,
p < 0.001). No severe adverse effects related to the drugs
used (beta-blockers or ivabradine) that forced their with-
drawal were recorded, although ivabradine was discon-

tinued in 3 patients to continue titrating beta-blockers
due to heart rate less than 60 bpm (2 patients in the
control group and 1 patient in the intervention group),
and its dose was reduced in 1 patient of the intervention
group (from 7.5 mg/12 hours to 5 mg/12 hours), to allow
increased dose of beta-blocker. All patients in interven-
tion group had a HR < 70 bpm at one year follow-up for
82% in the control group (p = 0.04) (Figure 2).

Left ventricular ejection fraction, similar in both
groups atadmissions and discharge [13], was significantly
higher at 1-year follow-up in the intervention group
(48.2 + 17 versus 41.8 + 10 %, p = 0.002) (Figure 3). BNP
values were significantly lower in the intervention group
at 4 months follow-up, but no significant differences
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Figure 3: Left ventricular ejection fraction in both groups during follow-up.
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Figure 4: Probability at one year follow-up of not suffering cardiovascular death and/or hospitalization for heart failure (left), and
of not suffering cardiovascular death (right) in both treatment groups.
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between both groups were recorded at one year follow-
up (300.9 £ 117.4 versus 484.3 = 137 pg/ml, p = 0.3). A
trend to a lower percentage of patient in NYHA class
III or IV ambulatory was observed in the intervention
group, although without reaching statistical significance
(14.8 versus 21.2 %, p = 0.5).

The rate of clinical events at one-year follow-up was
similar in both groups. The probability of cardiovascular
death was 26% lower in the ivabradine group, although
without statistical significance (HR 0.74; IC 95%: 0.12-
4.43) (Figure 4), and the incidence of cardiovascular
death or heart failure re-hospitalizations was similar
(Figure 4). Total mortality was similar in both groups
too (10.5 versus 15.5%, NS). During follow-up, three pa-
tients of intervention group and three patients of control
group received electric devices (Cardiac Resynchroniza-
tion Therapy-CRT or Implantable Cardiac Defibrillator).
One patient in the intervention group who remained in
ambulatory functional class IV despite optimal medical
therapy, have severe systolic biventricular dysfunction
and was not candidate to CRT, was successfully trans-
planted. At one-year follow-up, we did not record any
severe adverse effects related to the used drugs.

Discussion

Control of heart rate is an increasing priority in
patients with HFrEF, due to improved prognosis in
terms of mortality and heart failure events [3,4]. Current
practice guidelines [6,7] recommend in patients with
ambulatory HFrEF and sinus rhythm, Hr < 70 bpm,
receiving optimal doses of beta-blockers (I A indication)
the addition of ivabradine for patients who nevertheless
fail this objective (indication IIa B). However, no data
on the usefulness of HR control in the most vulnerable
stage of the disease, i.e. in patients hospitalized for an
episode of acute heart failure. The ETHIC-AHF study,
recently published [13], carried out in patients with acute
heart failure, has demonstrated the safety and efficacy
of the early administration of ivabradine plus beta-
blockers during hospitalization, resulting in a significant
reduction in heart rate, increased in left ventricular
ejection fraction, reduced BNP levels and a trend to a
better functional class at 4 months after discharge [13].

In this article, we present the results of one-year fol-
low-up of this study, which confirm the initial results ob-
served in the short-term. Heart rate remained significantly
lower in the intervention group treated during admission
with ivabradine and beta-blockers (Figure 1), and this was
despite a similar rate of use of beta-blockers and ivabradine
in both groups at one year. The percentage of patients with
heart rate lower than 70 bpm was 100% in the intervention
group versus 82% in the control group (Figure 2). Left ven-
tricular ejection fraction was significantly higher in patients
initially randomized to ivabradine plus beta-blockers, be-
ing this difference higher than that obtained at 4 months
(Figure 3). Also, the tendency to a lower symptoms severity

persisted at one year. Both groups had a similar incidence
of cardiovascular events, although cardiovascular death was
26% lower in the ivabradine group at one-year follow-up
(not significant difference, probably related to the small
sample size and the low incidence of events (Figure 4).

These results, with a 12 months follow-up, demon-
strate the safety of the combined use of ivabradine plus
beta-blockers early during hospitalization in patients
with acute HFrEF, chronic or de novo, achieving a better
control of heart rate, in similar percentages than report-
ed in other studies with up-titration of only beta-block-
ers [9-11]. In addition, this combination therapy appears
to improve left ventricular ejection fraction, as already
reported in the SHIFT study in stable patients [14,15].
As far as we know, the ETHIC-AHF [13] study is the first
analysis of the safety and benefit of using ivabradine in
this clinical context. The results reported in this article
reinforce the idea that it is possible to improve the treat-
ment of patients during acute phase, the most vulnerable
and which confers an increased risk of short and medi-
um term events, as stated in the new heart failure guide-
lines [6]. Early and rapid up-titration of beta-blockers
and concomitant addition during hospitalization of iv-
abradine is safe, allows to achieve a heart rate < 70 bpm
early, and is associated with a significant improvement
in left ventricular ejection fraction at short and long term
follow-up.

Limitations

Single-centre and not blinded study, with a limited
number of patients (although enough for the analysis of
primary endpoint).

Conclusions

The strategy of early co-administration of ivabradine
and beta-blockers during the episode of decompensated
heart failure in patients with systolic left ventricular
dysfunction and who are in sinus rhythm is feasible and
safe, getting better and earlier control of heart rate in
these patients, without entailing a reduction in the dose
of beta-blockers. This is associated with a significant
improvement of systolic left ventricular function and a
trend to a better clinical status of patients.

Clinical Perspectives

Thesis the first randomized study that analyzed the use
of ivabradine in acute heart failure, offering significant
data of safety and clinical relevance, without involving a
reduction in the dose of beta-blockers.

Translational Qutlook

It is necessary a larger study, with a higher number of
patients, to confirm if thesis findings have a favourable
long-term prognostic effect.
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